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MOTION COMPENSATION PREDICTING ZODING
METHOD AND APPARATUS '

BACKGROUND OF THE INVENTION

i) Field cf the invention:

The present invention relates generally to image
encoding systems and, more particularly, to motion
compensation predicting coding systems.

ii) Description of the Prior Art:

Fig. 1 shows a conventional motion compensation
predicting coding apparatus, as disclosed in "A Study on
HDTV Signal Coding with Motion Adaptive Noise Reduction”
by S. Nogaki, M. Ohta and T. Omachi, The Third HDTV
International Workshop Preliminary Report, Vol. 3,

1989. The conventional motion compensation predicting
coding apparatus encodes a digital image signal 101 to
produce a coded signal 106 that is sent over a
transmission line 109. The conventional motion
compensation predicting coding apparatus includes a
frame memory'l, a motion detector 2, a subtracter 3, a
coder 4, a local decoder S, an adder 6 and a multiplexer
(MUX) 7. At a destination, the coded data is decoded to
‘reproduce thé original image signal 101. The
destination has an architecture similar to that shown in
Fig. 1, except that the destination is configured to
decode rather than encode. |
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| nt ernati onal Workshop Prelimnary Report, Vol. 3, 1989. The conventional
mot fon conpensation predicting coding apparatus encodes a digital inage
signal 101 to produce a coded signal 106 that is sent over a transm ssion
Ilne 109. The conventional notion conpensation predicting coding apparatus
i ncl'ludes a frame menory 1, a notion detector 2, a subtracter 3, a coder 4,
.a local decoder 5, an adder 6 and a.nm#tlplexer (MJUX) 7. At a destination,
the coded data is decoded to reproduce the original imge signal 101. The
destination has an architecture simlar to that showmn in Fig. 1, except
that the destination is configured to

Before discussing the operation of the conventional

coding apparatus, it is helpful to review the format of
the image data to be encoded. An image may be viewed as
being made of a number of pictute elements or pixels.
Each of these pixels has a certain level of luminance
that is encoded according to a grey scale or other
scale. The luminance for each pixel may be encoded into
a digital signal. The digital signals for an entire
screen of the display form a frame. This frame may be
broken down into rows of pixels. Since many video
displays. such as conventional cathode ray tubes, scan
odd numbered rows in a first pass and even numbered rows
in a second pass when generating an image (i.e.,
interlaced scanning), it is helpful to view the frame as
 being composed of an even field having data for even
numbered rows and an odd field having data for odd
numbered rows. Each of the fields (i.e., the odd field
and the even field) may be further divided into blocks
of pixel data such as regions of 8 pixels by 8 pixels.
The conventional motion compensation predicting
coding apparatus operates as follows. An input image
signal 101 or, for example, a digital signal encoding
the luminances of pixels in a frame is provided in
accordance with an interlaced scanning format. In the
interlaced scanning format, the odd rows of pixels are
first scanned and then the even rows of pixels are
scanned. Hence, the input signal.provides a sequence of
Pixel data beginning with the data for all of the odd
rows which is followed by the data for all of the even
rows. For purposes of the present discussion, it is
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decode rather than encode. -2- Before discussing the operation of the
conventional coding apparatus, it is helpful to reviewthe format of the

i mage data to be encoded. An image nay be viewed as being made of a nunber
of picture elements or pixels. Each of these pixels has a certain | evel of
| uni nance that is encoded according to a-grey scale or other scale. The

| um nance for each pixel may be encqged into

assumed that the input image signal 101 is already
organized into blocks. Each block is made of pixels of
the same field. The system operates on a block at a |
time until all the Llocks of a given field are encoded.
The system then proceeds to encode the blocks of the
other-field in a frame. Once a frame is fully encoded,
the process of encoding is repeated with a next frame.
The input image signal 101 of the present frame is
compared with the image signals for the same field in a
preceding frame to carry out motion_detection. For
instance, suppose a first block in the input image
signal 101 encodes luminance information for a block of
pixels in the odd field of a present frame. The motion
detection of this first block is performed in the motion
detector 2 by searching for the most analogous block in
the neighboring blocks 102 in the previous frame that
are positioned around the corresponding position of the
first block. The neighboring blocks 102 are read out of
the frame memory 1 and provided to the motion detector
2. The frame memory 1, stores image data (of local
decoded signals 108) which has been locally decoded in |
the local decoder 5 and which has been summed with a
motion compensation signal 104 in the adder 6. The
frame memory 1 may be realized as a conventional RAM.
The motion detector 2 determines the similarities
between the present block and the respective neighboring
'blocks to select the most analogous neighboring blocks.
As a yardstick of similarity, the motion detector 2 may
calculate a differential absolute value sum between
blocks that is obtained by summing absolute values of.
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a digital signal. The digital signals for an entire screen of the di spl ay

forma frame. This frame may be broken down into rows of pixels

Si nce many

vi deo di spl ays, such as conventional cathode ray tubes, scan odd nunbered

rows in a first pass and even nunbered rows in a second pass when

genérating an image (i.e., interlaced scanning), it is helpful to viewthe
frame as being conposed of an even figld having data for even nunbered rows
and an odd field having data for odd nunbered rows. Each of the fields

(i.e., the odd field and the even field) may be further divided into bl ocks

of pixel data such as regions of 8 pixels by 8 pixels.

each difference in luminance values for the corresponding

pixels in the blocks, or the motion detector may

calculate a differential square sum that is obtained by

summing square values of differences in luminance values

between the corresponding pixels in the blocks.

Once the most analogous neighboring block is found,

the motion detector 2 calculates and outputs a motion
vector 103 to the frame memory 1 and the MUX 7. The
motion vector indicates the vector displacement

difference between the most analogous neighboring block

and the first block. This motion vector 103 includes
vector components in the horizontal and vertical
directions. Also, once the most analogous neighboring

block is found, a motion compensation prediction signal

104 that encodes the illuminance of the pixels of the
most analogous neighboring block is read out of the
frame memory 1 and sent to a subtracter 3.

The subtracter 3 subtracts the motion compensation

prediction signal 104 from the input image signal 101 to

obtain a prediction error signal 105. In particular,

the illuminance of each pixel in the motion compensation

prediction signal is subtracted from the illuminance of
each corresponding pixel in the input image signal 101.

Chips for performing the subtraction are commercially

available. The subtracter 3 then outputs the prediction

error signal 105 to the coder 4. The coder 4 executes

‘the coding of the prediction error signal 105 to remove

spatial redundancy in the signal. The coder 4, thus,

- helps to compress the prediction error signal 105. The

signal 105 includes both low frequency components and
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The conventional notion conpensation predicting codi ng apparatus operates
as follows. An input inmage signal 101 or, for exanple, a digital signa
encodi.ng the tum nances of pixels in a frame is provided in accordance with
an interlaced scanning format. In the interlaced scanning format, the odd
rows of pixels are first scanned and tdien the even rows of pixels are
scanned. Hence, the input signal provides a sequence of pixel data
beginning with the data for all of the odd rows which is followed by the

data for all of the even rows. For purposes of the present discussion, it
I'S high frequency components. Usually, in compressing the
prediction error signal 105, the coder 4 quantizes the
low frequency components of the sigﬁal 105 using many
bits and quantizes the high frequency components using
few bits. More bits are used in the encoding of the low
frequency components because the low fregquency .
components typically have much greater power than do the
high frequency components. Assigning more bits to the
low frequency components enhances coding efficiency and
reduces image degradation. The coder 4, may perform,
for example, an orthogonal transformation, such as a
discrete cosine transformation (DCT), on an 8 x 8 pixel
block to effect a frequency conversion that results in
scalar quantization of a conversion factor.
Scalar-quantized coded data 106 for the block is then
sent from the coder 4 to the local decoder 5 and to the
MUX 7.
The MUX 7 not only multiplexes the coded data 106
and the motion vector 103 but also encodes the data in a
format proper for sending the data down the transmission
~line 109. The local decoder 5 performs a reciprocal
operation to that performed by the coder 4. In
particular, an inverse scalar quantization or an inverse
orthogonal transformation is carried out to obtain a
decoded error signal 107. The adder 6 adds the motion
compensation predicting signal 104 to the decoded error
.signal 107 to obtain the local decoded signal 108, which
cdrresponds to the input image signal 101. Chips for
implementing the adder 6 are well known in the art. The
local decoded signal 108 is stored in the frame memory 1.
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assuned that the input image signal 101 is already organi zed into bl ocks.
Each bl ock is nmade of pixels of the sane field. The system operates on a

bl ock at a time until all the blocks of a given field are encoded. The
systenlthen proceeds to encode the blocks of the other field in a frane.
Oncé a frame is fully encoded, the process of encoding is repeated with a
next frame. The input inmage signal 1Qk-of the present frame is conpared
with the image signals for the sanme field in a preceding frane to carry out

noti on detection. For

The local decoded signal is subsequently read out of the
frame memory 1 for use in carrying out the motion
detection of the odd field in the next frame.

For the even field of the input image signal 101,
the motion detection in the motion detector 2, the
coding in the coder 4, and so forth are carried out in
the same manner as described above with respect to the
odd field.

In the conventional motion compensation predicting
coding apparatus, as described above, the removal of the
temporal redundancy included in the motion image signal
is carried out by motion compensation predicting coding
and by using an appropriate technique such as an
orthogonal transformation, differential pulse code
modulation (DPCM), vector quantization or the like. As
described above, in the conventional motion compensation
predicting coding apparatus, the correlation of the data
in the same field is utilized. However, the temporal
correlation between continuous different fields
subjected to the interlaced scanning is not used, and,
hence, the coding efficiency is low.

It is, therefore, ‘a general object of the present
invention to provide a more efficient motion
compensating predicting coding method and apparatus.

SUMMARY QOF THE INVENTION

' The foregoing objects and and other objects and
advantages will be realized by the present invention in
which a motion compensation predicting coding apparatus
encodes pixel data of an image signal. The image signal
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i nst ance, suppose a flrst bl ock in the |nput |nage si gnal 101 encodes

| umi hance information for a block of pixels in the odd field of a present
frame. The notion detection of this first block is performed in the notion
detector 2 by searching for the nost anal ogous bl ock in the neighboring

bl ocks 102.in the previ ous franme that @re posi tioned around the
correspondi ng position of the first bl ock. The nei ghboring bl ocks 102 are

read out of the frame nenory 1 and provided to the notion detector 2. The

frame menory 1, stores inmage data (of |ocal decoded signals 108) which has
5 and which,h been summed with

been 'OCa'HﬁcQ%%%§e$1&%1 G%t%oﬁﬁgagﬁﬁg erlnto a even field and odd
field for a portion of an image. The apparatus includes
a motion detector for comparing the pixel data in the
image signal with pixel data of a previous image
signal. The motion detector generates a motion vector
that is indicative of the displacement differences
between the image signal and the previous image signal.

" The motion compensation predicting coding apparatus
also includes a subtracter for generating a prediction
compensation error signal by subtracting the pixel data
in the previous image signal from the pixel data of the .
current image signal. The resulting prediction
compensation error signal is passed through an adaptive
blocking mechanism that organizes the data of the
prediction compensation error signal into blocks in one
of several fashions. The blocking strategy is chosen as
dictated by the motion vector. The blocking mechanism
generates a blocked output that is fed to a coder and
encoded.

The motion compensation predicting coding apparatus
may alternatively include a field composer for composing
the odd field pixel data in the incoming image signal
with even field pixel data in the incoming image signal
to produce a composed image signal. This composed image
signal has pixel data for both the even and odd fields.
This composed image signal is used by the motion
.detector in determining the motion vectors. Thus, in
this alternative embodiment, the motion detection is not
carried out strictly on single field blocks but rather
is carried out on field composed blocks.
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noti on conpensation signal 104 in the adder 6. The frane nenory. 1 may be
real’i zed as a conventional RAM The notion detector 2 determ nes the
simlarities between the present block and the respective nei ghboring

bl ocks to select the nobst anal ogous nei ghboring bl ocks. As a yardstick of
sim’larity, the notion detector 2 may calculate a differential absolute
val ue sum bet ween bl ocks that is obte8+ed by sunm ng absol ute val ues of
each difference in |um nance val ues for the correspondi ng

The coder for encoding output may include several
components. First, the coder may include a
transformation means for performing an orthogonal
transformation on the prediction error signal to produce
a coefficient matrix. Second, the coder may include a
quantizer for quantizing the coefficients from the
coefficient matrix and a scanning controller for
controlling what order the coefficients are scanned from
the coefficient matrix and passed to the quantizer.

This order is preferably controlled by the motion
vectors. In particular, the motion vectors indicate
whether there will be large horizontal components or
large vertical components that are most efficiently
quantized by altering the scanning order of the
coefficient matrix. These elements may be used in
conjunction with the above-described components.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages
of the present invention will be more fully apparent
from the following description of the preferred-
embodiments with reference to the accompanying drawings,
in which: _

Fig. 1 is a block diagram of a conventional motion
compensation predicting coding apparatus; '

Fig. 2 is a block diagram of a first embodiment of a
motion compensation predicting decoding apparatus
according to the present invention;
| Fig. 3A shows a block derived from the field
composition frame input signal: '
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pi xel s in the bl ocks,
square sum t hat

| um nance val ues between the corresponding pixels in the bl ocks.
nmost_ anal ogous nei ghboring bl ock is found,
and ‘out puts a notion vector

noti on vector

anal ogous nei ghboring block and the first block. This notion vector
and verti cal

or the notion detector

103 to the

i ncludes vector conponents in the horizontal
once the most z39al 40URNE' 4188hbA%ing blocks to which the odd
and even field of Fig. 3A are compared:

Figs.

‘the notion detector
frane menory 1 and the MJUX 7. The
i ndi cates the vector displacenent difference between the nost

may cal cul ate a differential

IS obtalned by sunming square val ues of differences in
Once the

2 cal cul ates

103
di rections.

3C and 3D show alternative methods for forming

a motion compensation prediction 31gna1 using the blocks

of Figs.
Fig.
Fig.
Fig.

3A and 3B;
4A shows a block of an odd field:

4B shows a block of an even field;

4C shows a field composition frame input signal

formed from the blocks of Fig. 4A and Fig. 4B using a
field composition method;
Fig. 5 shows a coefficient matrix for a DCT codlng

method;

Fig. 6A is a block diagram of a second embodiment of
a-motion compensation predicting coding apparatus

according to the present invention:

Fig. 6B is a more detailed block diagram of the
~adaptive composer 39 of Fig. 6A;

Fig.

adaptive decomposer 40 of Fig. 6A;

Fzgs.

the apparatus shown in Fig. 6A;

Figs.

~apparatus shown in Fig. 6A; :
Fig. 9 is a block diagram of a third embodiment of a

motion compensation predicting coding apparatus

according to the present invention;
10 is a block diagram of a fourth embodiment of

Fig.

6C is a more detailed block diagram of the
7A-7C show a field composition method using

8A and 8B show field composition modes in the

a motion compensation predicting coding apparatus

according to the present invention;

Al so,
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bl ock is found, a notion conpensation prediction signal 104 that encodes
the:illum nance of the pixels of the nost anal ogous nei ghboring block is
read out of the frame nenory 1 and sent to a subtracter 3. The subtracter 3
subtracts the notion conpensation prediction signal 104 fromthe input

i mage signal 101 to obtain a prediction error signal 105. In particular,
the illum nance of each pixel in t he i¥5t i on conpensati on prediction signal
is subtracted fromthe illum nance of each correspondi ng pixel in the input
i mage signal 101. Chips for performng the subtraction are commercially

avai l able. The subtracter 3 t-hen outputs the prediction )
Fig. 11 shows motion compensation predictings in the

‘apparatus according to the present invention;

Fig. 12 is a block diagram of a £ifth embodiment of
a motion compensation predicting coding apparatus
according to the present invention;

Figs. 13A-13C are explanatory views of conversion
factor distribution in the apparatus shown in Fig. 12;
and

Fig. 14 is a block diagram of a construction of a
receiving side used in the embodiments of the apparatus
according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described in
connection with its preferred embodiments with reference
to the attached drawings, wherein like reference
characters designate like or corresponding parts
throughout different views.

Fig. 2 shows a first preferred embodiment of a
motion compensation predicting coding-apparatus, in |
accordance with the present invention. The motion
compensation predicting coding apparatus of Fig. 2
includes a frame memory 1, a subtracter 3, a coder 4, a
local decoder 5, an adder 6 and a multiplexer (MUX) 7,
which each are of the same construction and have the
same functionality as corresponding components of -the
.conventional motion compénsation predicting coding
apparatus shown in Fig. 1. The coder 4 will be
described in more detail below. This embodiment of the
invention further includes a field composér 8 for

X .
This Sheey H '

LU



e S

error signal 105 to'the coder 4. The coder 4 executes the coding of the
prediction error signal 105 to renove spatial redundancy in the signal.

The .coder 4, thus, helps to conpress the prediction error signal

105. The

signal 105 includes both | ow frequency conponents and hi gh frequency
conponents. Usually, in conpressing e prediction error signal 105, the

coder 4 quantizes the |ow frequency conponents of the signal
bits and quanti zes the high frequency conponents using

composing fields of the input signal into blocks for

coding, a field separator 9 for decomposing coded

105 usi ng many

signals, and a blocking controller 12 for blocking input

image signals 100 into blocks.

The motion compensation predicting coding apparatus
shown in Fig. 2 operates as follows. An input image

signal 100 is input to blocking controller 12. This
input image signal is not yet organized into blocks.

The input image signal 101 includes both even and odd
fields of pixel luminance data, for an area of an image

sent in an interlaced scanning format. In most
instances a block may be made of 8 x 8 pixels or 16

X 16

pixels. The blocking controller 12 organizes the data
encoded in the signals into blocks to produce a blocked

input image signal 101 having blocks of pixel data.
Each block in the blocked input image'signal 101

includes either exclusively even field pixel data or

exclusively odd field pixel data.

A block of the blocked input image signal 101 is

sent to the motion detector 2 and to the subtracter
The motion detector 2 performs an evaluation of the

3.

similarity of the present block of the blocked imput
image signal 101 to the neighboring blocks 102 of the
same field in the preceding frame, which are read out of

the frame memory 1. This evaluation is carried out

in

the same manner as it is carried out in the conventional

;éparatus described with reference to Fig. 1. The

motion between the present block and the most similar
block of the preceding frame is captured in the motion
vectors 103 that are output to the frame memory 1 and
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few bits. Mre bits are used in the encoding of the | ow frequency
conponents because the | ow frequency conponents typically have nmuch greater
power than do the high frequency conmponents. Assigning nore bits to the | ow
frequency conponents enhances codi ng efficiency and reduces inage

degr adati on. The coder 4, may perform. for exanple, an orthogonal
transformation, such as a discrete €bs+ne transformation (DCT), on an 8 x 8
pi xel block to effect a frequency conversion that results in scalar

guanti zati on of a conversion factor. Scal ar-quantized coded data 106 for
the block is then sent fromthe coder 4 to the |ocal decoder 5 and to the

the MUX 7. The motion vectors include a horizontal
componént vector and a vertical component vector.

Figs. 3A-3B provide an illustration of how motion
detection is performed. Fig. 3A shows a present pixel
block that is output from the field composer 8 (Fig.

2). The even field pixels are designated by dotted
circles and the odd field pixels are designated by solid
circles. Fig. 3B shows neighboring pixels of
neighboring blocks 202 and 204, which are positioned in
the previous frame around the present pixel block
position. The neighboring blocks 202 and 204 are read
out of the frame memory 1 (Fig. 2). The motion detector
2 compares the present pixel block of Fig. 3A with the
neighboring pixel blocks 202 and 204 that are read out
of the frame memory 1. In particular, odd field pixels
N00-N03 and N20-N23 of the present block of Fig. 3A are
compared with the odd field pixels in the neighboring
blocks 202 and 204, and the even field pixels N10-N13
and N30-N33 of the present block are compared with the
even field pixels in the neighboring blocks 202 and 204
to perform motion detection.

As shown in Fig. 3B, the pixels P23 to P26 and P43
to P46 of the neighboring blocks 204 are selected as the
pixels that are most similar to the pixels of the odd
field in Fig. 3A. These pixels of block 204 are used to
calculate the motion vector V1 = (3,1) (note the X and Y
axes in Fig. 3B), which is indicative of the
displacement between the present block and the selected
neighboring block 24. The pixels Pll to P14 and P31 to
P34 within the neighboring block 202 are selected as the

R
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MUX 7. The MUX 7 not only nultiplexes the coded data 106 and the notion
vector 103 but al so encodes the data in a format proper for sending the
data down the transm ssion |ine 109. The |ocal decoder 5 performs a
reciprocal operation to that performed by the coder 4. In particular, an
i nverse scal ar quantization or an inverse orthogonal transformation is
carried out to obtain a decoded errok3signal 107. The adder 6 adds the
noti on conpensation predicting signal 104 to the decoded error signal 107
to obtain the | ocal decoded signal 108, which corresponds to the input

I mge signal 101. Chips for
most similar pixels to the pixels of the even field in

Fig. 3A. The selected pixels of block 202 are used to
obtain the motion vector V2 = (1,0). The motion vectors
302 (V1 and V2) of the odd and even fields are output
from the motion detector 32.

- The blocks (P23 to P26 and P43 to P46) of the odd
field and the blocks (P11l to P14 and P31 to P34) of the
even field that are designated by the motion vector 302
are read out of the frame memory 33 and are composed to
form a field composition motion compensation prediction
signal 303. The field composition motion compensation
prediction signal 303 may be composed in two alternative
ways. First, the lines of the fields are alternated in
the order shown in Fig. 3C, or second, the lines of the
fields designated by the motion vectors 302 are
alternated in the order, shown in Fig. 3D. Another
alternative is to determine whether the field
composition motion compensation prediction signal 303
obtained from the method shown in Fig. 3C or the signal
obtained from the method shown in Fig. 3D is more |
similar to the present pixel block. The similarity may
be discriminated by a differential absolute value sum or
a differential square sum, and then the more similar
signal is selected.

The frame memory 1 reads out a motion compensation
prediction signal 104 for the neighboring blocks that
are used in the comparison to generate the motion
vectors 103. The motion compensation prediction signal
104 encodes luminance pixel data for the neighboring
blocks of a previous frame. The subtracter 3 subtracts

\
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i mpl ementing the adder 6 are well known in the art. The |ocal decoded
signal 108 is stored in the frame nenory 1. -6- The | ocal decoded signa
i s subsequently read out of the frane menory 1 for use in carrying out the
motion detection of the odd field in the next franme. For the even field of
the input image signal 101, the notiem<etection in the notion detector 2,
the coding in the coder 4, and so forth are carried out in

the motion compensation prediction signal 104 from the
present pixel data to obtain a prediction error signal
105. In particular, the subtracter 3 subtracts the
pixel data for the even field of the input image signal
101 from the even field of a neighboring block which has
the most similar even field, when an even blocked image
signal 101 is input and subtracts the pixel data for the
odd field of the input image signal 101 from the odd
field of a neighboring block which has the most similar
odd field when an odd blocked image signal 101 is

input. The subtraction is performed on a pixel by pixel
basis. The prediction error signal is separately
obtained for both the odd field and the even field of
each area of an image.

The resulting prediction error signal 105, having
results from the substracter 3 for the odd field and
even field of an area, is composed into one frame in the
field composer 8. Figs. 4A~-4C illustrate the block
composing method performed by the field composer 8.

Fig. 4A shows blocked data of an odd field for an area
of an image, and Fig. 4B shows blocked data of an even
field in the same area as the odd field of Fig. 4A. The
lines of these two fields are alternately combined by
the field composer 8 to obtain a field composition frame
input signal as shown in Fig. 4C. In order to carry out
such a frame composing process, the field composer 8
(Fig. 2) includes a memory 17, such as a RAM, for
storing more than one field of data.

The field composer 8 produces the composed output,
known as a field composition prediction error signal
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t he sane manner as descri bed above with respect to the odd field. In the
conventional notion conpensation predicting coding apparatus, as described
above, the renoval of the tenporal redundancy included in the notion image
signal is carried out by notion conpensation predicting coding and by using
an. appropriate techni que such as an orthogonal transformation, differential
pul se code nodul ati on (DPCM, vecto+l8rantization or the |like. As described
above, in the conventional notion conpensation predicting coding apparat us,
the correlation of the data in the same field is utilized. However, the

t enpor al
110, that is sent to the coder 4. The coder 4 produces

coded data 106 and sends the coded data to both the
local decoder 5 and the MUX 7. |

In the MUX 7, the coded data 106 are multiplexed
with the motion vectors 103 of the odd and even fields,
and the multiplexed data are placed in a format proper
for the transmission line 109. In the local decoder 5,
the coded data 106 are locally decoded to obtain a field
composition decoded prediction error signal 11l which is
sent to the field separator 9. In the field separator
9, the lines of the field composition decoded prediction
error signal 111 are alternately separated to obtain
separate respective decoded prediction error signals
'107a for the odd field and the even field. In the adder
6, each decoded prediction error signal 107a is added to
the motion compensation predicting signal 104 of the
corresponding field to obtain a local decoded signal
108, which is sent to the frame memory and is stored
therein.

In the coder 4, two-dimensional predicting coding is
performed using the correlation between the neighboring
pixels in the horizontal and vertical directions of the
motion compensation prediction error signal 110. One
approach to coding that may be employed is an approach
which uses the discrete cosine transform (DCT). The DCT
approach is well—known to those skilled in the art. The
DCT approach, as described in the Background of the
Invention, transforms a block of input of a given size
to produce an equal sized array of transform
coefficients. Each composed block that is input to the

—————t
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correlation between continuous different fields subjected to the interlaced
scanning is not used, and, hence, the coding efficiency is low. It is,
therefore, a general object of the present invention to provide a nore
efficient notion conpensating predicting coding nethod and appar at us.
SUMVARY OF THE | NVENTION - The forqgf%ng obj ects and and ot her objects and
advantages will be realized by the present invention in which a notion
conpensati on predicting codi ng apparatus encodes pixel data of an inmage
sign?l. The i mage signa
. coder 4 undergoes a two-dimensional transformation that
yields the transform coefficients. The DCT approach
converts the input components into frequency components.
The low frequency coefficients are quantitized more
finely (i.e., assigned a larger number of bits) because
they typically possess greater energy. Hence, less
distortion arises given the higher precision of the
encoding of these lower frequencies. In comtrast, the
higher frequency coefficients are quantitized more
coarsely (i.e., assigned fewer bits) and possess less
energy. Fig. 5 provides an illustration of a 4 x 4
coefficient matrix that is the product of a DCT
approach. The frequency of the coefficients is the
lowest in the upper left-hand corner of the matrix.
Hence, the coefficient designated as "A" has the lowest
frequency. The horizontal frequeﬁcy_of the coefficients
increases as one moves horizontally across the rows of
the matrix in the direction of arrow 23 in Fig. 3.
Likewise, the vertical frequency of the coefficients
increases as one moves down a column of the matrix in
the direction of arrow 25. Accordingly, coefficient "C"
has a greater horizontal frequency than coefficient "A",
but has a similar vertical frequency. On the other
hand, coefficient "B" has a greater vertical frequency
than coefficient "A" but has a similar horizontal
frequency.
As was mentioned above, the lower frequency
components are assigned more bits than the higher
frequency components. Thus, coefficient "A" typically
has the greatest number of bits assigned to it. The

—
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-7- includes pixel data organized into a even field and odd field for a
portion of an image. The apparatus includes a notion detector for conparing
the pixel data in the inmage signal with pixel data of a previous inmge
signal. The notion detector generates a notion vector that is indicative of
t her di spl acenent differences between the i mage signal and the previous

I mge signal. The nption conpensati-ex7-predi cti ng codi ng apparatus al so

i ncludes a subtracter for generating a prediction

cumulative frequency in the coefficient matrix then
increases in a zig-zag fashion. Specifically,
coefficients “B" and coefficients "C" are the next
highest frequency components and typically are assigned
the next highest number of bits relative to coefficient

"A". The number of bits assigned to the coefficients
continues to decrease until the highest frequency
component “"D" is reached. Typically, coefficient "D" is
assigned zero bits. | '

In the above discussion, the coder 4 (Fig. 2) is
- described as performing the coding by DCT, which is kind
of orthogonal transformation. It is, however, also
possible to perform the coding by utilizing other
well-known techniques such as differential pulse code
modulation (DPCM) or vector quantization. When vector
quantization is used, a codebook is used.

- Fig. 6A shows a second embodiment of a motion
compensation predicting coding apparatus. This second
embodiment includes a motion detector 32, a frame memory
33, a subtracter 34, a coder 35, a local decoder 36, an
adder 37 and a multiplexer 38, like the corresponding
components in the first described embodiment of Fig. 2.
This second embodiment, however, differs from the first
embodiment in that it includes an adaptive composer 39,
an adaptive decomposer 40 and a memory 41. The
operations and functions of these additional components
will be described below. |

In this second embodiment, an input image signal 300

is input to the motion detector 32 and the memory 41.

This input image signal 300 is already organized into

This gp,
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conpensation error signal by subtracting .the pixel data in the previous
I mge signal fromthe pixel data of the current imge signal. The resulting
predi ction conpensation error signal is passed through an adaptive bl ocki ng
mechani sm that organi zes the data of the prediction conpensation error
signal into blocks in one of several fashions. The blocking strategy is
chosen as dictated by the motion vweif-or. The bl ocki ng mechani sm generates a
bl ocked output that is fed to a coder and encoded. The npotion conpensation
predicting codi ng apparatus may alternatlvely include a field conposer for
conposi ng

blocks. In the motion detector 32, a motion vector 302

of the input image signal 300 is detected in the same
manner as the first embodiment described above. In the
motion detector 32, a motion vector 302 of the input
signal 200 is produced using the image signals 305 of
the preceding frame, which are read out of the frame
memory 33 in the same manner as described above for the
first embodiment. The resulting motion vector 302 is
fed to the frame memory 33 and to the MUX 38.

A motion compensation prediction signal 303 is read
out of the frame memory 33 as specified by the motion

- vector 302 and is sent to the subtracter 34. The

subtracter 34 subtracts the motion compensation
prediction signal 303 from the field composition frame
input signal 301 to output a field composition
prediction error signal 304 to the adaptive composer 39.

In this embodiment, in order to process both the odd
and even fields at the same time in the subtracter 34,
the input image signal 300 is stored in the memory 41.
When the motion vectors for the odd and even fields are
obtained in the motion detector 32, a determination is
made in the adaptive composer 39 using the motion vector
302 whether the coding is carried out in a field
composition mode or in a field independent mode. For
example, when the motion vectors of both the fields are
coincident with each other, both the fields are
composed.

The adaptive composer 39 d1v1des the field
composition prediction error signal 304 into blocks on
the basis of the motion vector 302, as shown in Figs.

_—
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the 'odd field plxel dat a |n the incoming i mage signal with even field pixe
data in the inconing image signal to produce a conposed i mage signal. This
conposed i mage signal has pixel data for both the even and odd fields. This
conposed i mage signal is used by the notion detector in determning the
nmot ifon vectors. Thus, in this alternative enbodi ment, the notion detection
S not carried out strlctly on S|ngF “field bl ocks but rather is carried

out ‘on fleld conposed bl ocks.

7A-7C. In Figs. 7A-7C, “0" indicates a pixel of the odd
field, and "O" indicates a pixel of the even field.
Further, the shading indicates a difference in
illuminance. Fig. 7A shows a block of the prediction
error signal 304 in which field composition has been
properly carried out, that is, by alternately arranging
the pixels of the odd field and the pixels of the even
field on every'line. Thus, the field composition frame
becomes a continuous image. By a continuous image, it
is meant that the boundary between the illuminated
pixels (grey pixels) and the dark pixels (black pixels)
is continuous. If the continuous image is obtained by
field composing the power concentration of the low
frequency component is effectively raised, especially
when orthogonal transformation coding is used by the
coder 4 (Fig. 6). As a result, the coding efficiency is
increased. Fig. 7B, in contrast, shows a block of the
prediction error signal 304 in which field composition
has been performed but should not have. An instance
where such a prediction error signal would result is
when there is a great amount of motion in the image. 1In
particular, the object moves between scanning of the odd
field and scanning of the even field. As a result, the
field composition frame becomes an image having many
discontinuous parts (i.e., it does not have a continuous
boundary between grey and black pixels in Fig. 7B). The
coded sigﬁal has a larger number of high frequency
components, and the coding efficiency is decreased.

Hence, depending on the motion within the input
image signal, a determination is made whether to use
field composition or not.
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The coder for encodi ng output may include several conponents. First, the
coder may include a transformation neans for perform ng an orthogonal
transformation on the prediction error signal to produce a coefficient
matri x. Second, the coder may include a quantizer for quantizing the
coefficients fromthe coefficient matrix and a scanning controller for
control ling what order the coefficiedfs are scanned fromthe coefficient
matri x and passed to the quantizer. This order is preferably controlled by
the notion vectors. In particular, the notion vectors indicate whether

there will be large horizontal conponents or .
Fig. 7C shows an example where the above-described

adaptive method has been properly applied. In Fig. 7C,
the field composition is performed for the region 51,
and no field composition is performed for the region

53. Sub-regions S5la and 51b include both even and odd
field pixels. In contrast, sub-region 53a includes only
odd field pixels, and sub-region 53b includes only even
field pixels. .

Fig. 6B provides a more detailed depiction of the
adaptive composer 39. This adaptive composer includes a
switch "e", a composer "c" and a discriminator "a"

These components work together to control blocking in
response to the motion vector 302. For example, when
the motion vector is zero or * 1 in the even and odd
fields, discriminator "a” permits frame composition.
Otherwise, the discriminator does not permit frame
composition and sends a signal "b" to the switch "e”.
The switch "e” is operated in response to signal "b".
Upon receiving the signall"b", the switch "e" moves its
contact to touch the leg "f", which bypasses the
composer "c". When a signal "b" is not received by the
switch "e", the switch is positioned to contact the leg
leading to the composer “c“. '

To perform the frame composition, the composer "e”
.provides a signal "d" by combining the motion
compensation prediction signals 304 of the even and odd
-fields as shown in Fig. 4C. Without frame composition,
the motion composition prediction signals are separately
oufput for the even and odd fields.

"



| ar ge vertical conponents that are nost efficiently quantized by altering
thesscanning order of the coefficient matrix. These el enents nmay be used in
conjunction with the above-descri bed conponents. BRI EF DESCRI PTI ON OF THE

DRAW NGS The above and ot her objects, features and advantages of the

present invention will be nore fully apparent fromthe foll ow ng
description of the preferred enbodinents with reference to.the acconpanyi ng
drawings, in which: Fig. 1.is a bIochhTagran1of a conventional notion

conpensati on predicting codi ng appar at us;

The adaptive composer 39 processes the signal 304
into blocks based on the motion vectors 302. When the
.motion amounts of the odd and even fields are almost
equal, the correlation between the fields is high.
Therefore, as shown in Fig. 8A, the signals (10 - 40) of
the odd field (shown as darkened circles) and the
signals (1E-4E) of the even field are alternately
arranged on successive lines. However, when the motion
amounts in the odd fields and in the even fields differ,
the correlation between the even fields and the odd
fields is low. Thus, as shown in Fig. 8B, no field
composing is employed. As a result, the odd field
signals are arranged- in the upper part of the block, and
the even field signals are arranged in the lower part of
the block. |

In accordance with the above-described adaptive
method, the adaptive composer 39 outputs a
blocking-controlled prediction error signal to the coder
35. The coder 35 performs DCT or the like on the
blocking-controlled prediction error signal so as to
quantize the signal. Prediction error coded data are
output to the decoder '36 and the MUX 38.

In the MUX 38, the prediction error coded data are
multiplexed with the motion vector 302 sent from the
motion detector 32, and the multiplexed data are sent
out to the transmission line.

' In the decoder 36, the prediction error coded data
are decoded to obtain a decoded prediction error
signal. The decoded prediction error signal is sent to
the adaptive decomposer 40. In the adaptive decomposer
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is a bl ock di agram of a first enbodiment of a notion conpensation
predi cting decodi ng apparatus according to the present invention; Fig. 3A

shows a block derived fromthe field conposition frane input signal; -9-
Fi g. 3B shows nei ghboring bl ocks to which the odd and even field of Fig. 3A

are *conpared; Figs. 3C and 3D show aldrnative methods for formng

Fig. 2

40, all blocks have the same blocking structure. That
is, the decoder 36 determines on a_block-by-block basis
what blocking method was employed to create the block by
examining the motion vector, and based on that
determination, the decoded prediction error signal is
made into a predetermined format by the adaptive’
decomposer 40.

Fig. 6C provides a more detailed depiction of the
adaptive decomposer 40. The adaptive decomposer
includes a discriminator "m", a switch "k" and a
~separator "h". The adaptive decomposer 40 functions
inversely relative to the adaptive composer 39 (Fig.
6A). In particular, the adaptive decomposer 40
separates the fields of an input block which frames are
composed by the adaptive composer 39. A discriminator
“m" functions in a fashion analogous to the previously
described discriminator "a“ (shown in Fig. 6B). When
the motion vector 302 is zero in the odd and even
fields, the discriminator "m" permits field separation.
Otherwise, the discriminator "m" provides a signal "g"
that activates switch "k". When the switch is activated
by the signal "g", a connection is made to the separator
“h". The separator "h" outputs the signal "i" by
separating the frame combine restoration prediction
error signal "1" for the odd and even fields as shown in
Figs. 4A and 4B. If the discriminator does not generate
the signal "g", the fields are not separated and the
restoration prediction error signal "1" is output.
this instance, the signal "1" has already been separated
for the even and odd fields.

In
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a notion conpensation prediction signal using the blocks of Figs. 3A and
3B; ‘Fig. 4A shows a block of an odd field; Fig. 4B shows a block of an even
field; Fig. 4C shows a field conposition frame input signal formed fromthe
bl ocks of Fig. 4A and Fig. 4B using a field conposition nethod; Fig. 5
shows a coefficient matrix for a DCRagedi ng nmethod; Fig. 6A is a block

di agram of a second enbodi ment of a noti on conpensation predicting codlng

appar atus according to the present i nventi on;

In the adder 37, the blocking-controlled prediction
error signal output from the adaptive decomposer 40 is
added with the field composition motion compensation
prediction signal 303 to obtain a decoded signal. The
decoded signal is sent to the frame memory 33 and stored
therein. 1In this illustrative embodiment, the
information concerning how the blocking structure is
determined is made to correspond with the motion vector
information, and hence the switching of blocking
approaches may be performed without requirirdg any
supplementary information.

In this embodiment, the motion vectors, which are
independently obtained for the odd and even fields, are
used for the adaptive blocking approach so that the
motion between the odd and even fields is more exactly
controlled.

In this embodiment, although the block size of 4
pixels x 4 lines is used in the coder 35, other block
sizes such as 8 pixels by 8 lines or the like may be
used.

Fig. 9 shows a third embodiment of a moticn
compensation predicting coding apparatus in accordance
with the present invention. This third embodiment has
several components like the previously described second
embodiment. These like components are given .like
reference numbers. The third embodiment differs from
.the second embodiment in that this third embodiment
includes two types of motion detectors 32 and 43. The
operation of these motion detectors 32 and 43 is '
described below. '
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Fig. 6Bis a nore detailed block diagramof the adaptive conposer 39 of
Fig. 6A; Fig. 6Cis a nore detailed block diagramof the adaptive
deconposer 40 of Fig. 6A, Figs. 7A-7C show a field conposition method
usi ng the apparatus shown in Fig. 6A; Figs. 8A and 8B show field
conposition nodes in the apparatus sh@wn in Fig. 6A, Fig. 9 is a block
diagram of a third enbodi nent of a notion conpensation predicting coding
apparatus according to the present invention; Fig. 10 is a bl ock di agram of
a fourth enbodi nent of

The third embodiment operates as follows. An input
image signal 300, which is organized into blocks of even
field pixels and blocks of odd field pixels, is fed to
the first motion detector 43 and the memory 41. The
input image signal 300 is stored in the memory 41. The
input image signal 300 is also sent to the first motion
detector 43. The previously received image signal 301
is read out of the memory 41 and sent to the first and
second motion detectors 32 and 43. The image signal 301
is also sent to the subtracter 34. The first motion
detector 43 calculates a motion vector 306 between the
odd and even fields of the input image signal 300 and
the image signal 301 in the same manner as described
above for the previous embodiments. The motion vector
306 is then sent to the MUX 38, the adaptive composer
39, and the adaptive decomposer 40. The second motion
detector 32 calculates a motion vector 302 indicating
the motion between the odd field of image signal 301 and
an odd field of a neighboring block read out of frame
memory 33 and indicating the motion between the even
field of image signal 301 and an even field of a
neighboring block read out of frame memory 33. Although
the first and second motion detectors are independently
provided in this embodiment, one motion detector can be
used at a time, being shared for the two purposes.

In this embodiment, motion vector 306 determines
‘whether the coding is carried out in a field composition
mode (i.e., the fields are composed) or in a field
independent mode (i.e., the fields remain separate).

For example, when the motion vector 306 between the even
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a not iror~conpensati on predicting codi ng apparatus according to the present
i nvention; -10- Fig. 11 shows notion conpensation predictings in the
apparatus according to the present invention; Fig. 12 is a bl ock diagram of
a fifth enbodi nent of a notion conpensation predicting codi ng apparat us
according to the present invention; Figs. 13A-13C are explanatory views of

conversi on -25~-

and odd fields is zero, field composition mode is
chosen, and the fields are composed. On the other hand,
if there is a substantial disparity between motion of
the evgn,fields and motion of the odd fields, field
independent mode is chosen. The selection of the modes

~ is realized by passing the motion vector 306 to the
adaptive composer 306.

The subtracter 34 subtracts the motion dompensation
prediction signal 303, which is read out of the frame
memory 33, from the image signal 301 which is read out
of the memory 41 to obtain a prediction error signal
304. The prediction error signal 304 is fed to the
adaptive composer 39. The adaptive composer 39 controls
the blocking of the prediction error signal 304 on the
basis of the motion vector 306 in the same manner as
described for the second embodiment. The other
illustrated components are operated in the same manner
as the second embodiment described above.

Although the motion vectors that are independently
obtained for the odd and even fields are used for the
blocking switching in the second embodiment, in the
third embodiment the motion vector obtained between the
odd and even fields is used to control the adaptive
blocking. 1In this embodiment, the motion vectors
between the odd fields and between the even fields in
the first motion detector 43 are compared with each

.other. Hence, the motion between the two fields is’
exactly known, and suitable blockinq'cbntrol is
performed. '
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fagtor distribution in the apparatus shown in Fig. 12; and Fig. 14 is a

bl 8ck di agram of a construction of a receiving side used in the enbodi nents
of the apparatus according to the present ‘i nvention. DESCRI PTI ON OF THE
PREFERRED EMBCDI MENTS The present invention will now be described in
connection with its preferred enbodinents with reference to the attached

dr awi ngs, wherein |ike reference characters designate |ike or correspondi ng
parts throughout different views. 6. 2 shows a first preferred enbodi ment

of a

Fig. 10 shows a fourth embodiment of a motion
compensation predicting coding apparatus according to
the present invention. In this embodiment, the motion
compensation predicting coding apparatus comprises a
field composer 31, a motion detector 32, a frame memory
33, a subtracter 34, a coder 35, a decoder 36, an adder
37, a MUX 38, an adaptive composer 39 and an adaptive
decomposer 40.

The foutth embodiment operates as follows. In this
embodiment, motion compensation is carried out from a
frame input signal in which two fields are being
composed (i.e., the frame input signal is compared with
the frame image data stored in frame memory 33).
Specifically, an input image signal 300 that has been
obtained by an interlaced scanning is composed into one
frame in the field composer 31. The field composing
performed by field composer 31 is realized in the manner
shown in Figs. 4A - 4C. That is, when the input image
signals of the odd and even fields are as shown in Figs.
4A and 4B, respectively, the lines of these two fields
are alternately combined to obtain a field composition
frame input signal 301 as shown in Fig. 4C. The
obtained field composition frame input signal 301 is
sent to the motion detector 32 and the subtracter 34.

In the above discussion, the coder is described as
performing the coding by DCT, which is kind of
orthogonal transformation. It is, however. also
possible to perform the coding by utilizing other
well-known techniques such as differential pulse code
modulation (DPCM) or vector quantization. When vector
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nmoti on conpensation predicting coding apparatus, ‘in accordance with the
present invention. The notion conpensation predicting codi ng apparatus of
Fig. 2 includes a franme nenory 1, a subtracter 3, a coder 4, a |oca
decoder 5, an adder 6 and a nultiplexer (MJX) 7, which each are of the sane
construction and have the same functionality as correspondi ng conponents of
the conventional notion conpensation predicting coding apparatus shown in
Fig. 1. The coder 4 will be descr2jed in nore detail below This enbodi nent
of the invention further includes a field conposer 8 for

quantization is used, two types of codebooks are used
(i.e., one codebook for the field blocking and the other
codebook for frame blocking) so that the desired
codebook will be selected according to either the field
or frame blocking done by the blocking controller to
further improve coding efficiency.

In above embodiments, the methods of determining the
motion vectors and selecting a motion compensation
predicting signal may vary. In particular, the methods
may vary as to which frames of pixel data are compared
with the current frame of the pixel data. Fig. 11
provides an illustration of one approach to motion
compensation prediction. The frames of pixel data are
labeled I, II, III and IV and correspond to temporally
continuous fields wherein frame IV is the oidest frame.
Fig. 11 assumes that frame I and frame IV have already
been coded. In accordance with the method illustrated
in Fig. 11, the motion detection for frame II is
performed by comparing the pixel data in frame II with
the pixel data in frame I and comparing the pixel data
in frame II with the pixel data in frame IV. These
comparisons are indicated in Fig. 11 by arrows 73. The
results of the comparison with the lower power for both
the even and odd fields is selected. Hence, if the
results of the comparison with frame I has lo&er power
than the results of the comparison with. frame IV, the
results of frame I are selected. Likewise, a similar
set of comparisons with frames I and IV are performed
with frame III (see arrow 75 in Fig. 11). The lower -
power results are selected. : ———
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conpoéing fields of the input signal into blocks for cdding, afield
separator 9 for deconposing coded signals, and a bl ocking controller 12 for
bl ocki ng i nput inage signals 100 into bl ocks. The notion conpensati on
predi cting codi ng apparatus shown in Fig. 2 operates as follows. An input
I mge signal 100 is input to blocking controller 12. This input inmage
signal is not yet organized into bl oede8~ The i nput inage signal 101
includes both even and odd fields of pixel |umnance data, for an area of,
an i mage _
Fig. 12 shows a fifth embodiment of a motion

compensation predicting coding apparatus, having a

similar construction to the fourth embodiment shown in

Fig. 10. This fifth embodiment differs from the fourth

embodiment in that it employs an orthogonal

transformation coder 44 that is capable of controlling a

scanning order of conversion factors rather than

employing the coder 35 (Fig. 10) and the adaptive

composer 39 of the fourth embodiment. In addition, this

£ifth embodiment, employs an orthogonal transformation

decoder 45 (Fig. 12) that is capable of controlling a

scanning order of conversion factors for carrying out an

inverse processing of the orthogonal transformation

coder 44. This decoder 45 is used in place of the

decoder 36 (Fig. 10) and the adaptive decomposer 40 of

the fourth embodiment.

The fifth embodiment operates as follows. A motion

vector 302 obtained in the motion detector 32 in the

same manner as described above. This motion vector 302

is fed to the orthogonal transformation coder 44 and to

the orthogonal transformation decoder 45. A prediction

error signal 304 is obtained in the subtracter 34 in the

same manner as described above. The prediction error

signal 304 is also fed to the orthogonal transformation

coder 44. The orthogonal transformation coder 44

performs orthogonal transformation coding. The

conversion factor is scanned within the block to perform

quantization, and the scanning order is controlled by

using the motion vector. This processing will now be

explained with reference to Figs. 13A to 13C.
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sent in an interlaced scanning format. In nost-instances a bl ock may be
made of 8 x 8 pixels or 16 x 16 pixels. The blocking controller 12

organi zes the data encoded in the signals into blocks to produce a bl ocked
i nput i mage signal 101 having bl ocks of pixel data. Each block in the

bl ocked i nput inmage signal 101 inC|q%§f ei ther exclusively even field pixel
data or exclusively odd field pixel a. A block of the bl ocked input
i mmge signal 101 is sent to the notion detector 2 and to the subtracter 3.

The notion detector 2 perforns an evaluation of the simlarity of the
present bl ock ?iqtfsAb£385§dalﬁgber distribution of coefficients
in a coefficient matrix obtained by an orthogonal
transformation, such as a DCT. The darkness of the
pixel in Fig. 13A indicates the power level of the
pixel. A dark pixel indicates a high power level and a
light pixel indicates a low power level. For thé
distribution shown in Fig. 13A, it is apparent that the
lower frequency components have much g:éater power than
the higher frequency components. The arrows 205
indicate the normal scanning order of the coefficients.

As shown in Fig. 13B, in coefficients obtained by
ocrthogonal transformation of signals which have many
transverse components frequency components in the
vertical direction are large. In contrast, in an image
having many longitudinal components, the frequency
components in the horizontal direction are large as
shown in Fig. 13C.

When it is determined by the motion vector that the
horizontal components are large, the high frequency
components are large, even in the error signal. Hence,
as shown in Fig. 13C, the coding is carried out in order
by scanning in the horizontal direction (as indicated by
the arrows). On the other hand, when it is determined
that the vertical components are large, as shown in Fig.
13B, the coding is carried out in order in the vertical
direction as indicated by the arrows. Further, when the
components are almost equal in both the horizontal and
vertical directions, as shown in Fig. 13A, the coding
should take place in the diagonal. direction indicated by
the arrows 205. Depending on the transformation
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i mage. sfgnal 101 to the neighboring bl ocks 102 of the . sane field in the
preceding frane, which are read out of the franme nenory 1. This eval uation
is‘carried out in the same manner as it is carried out in the conventional
apparatus described with reference to Fig. 1. The notion between the
present block and the nost simlar block of the preceding franme is captured
in the notion vectors 103 that are ougput to the frane nenory 1 and -12-

methods, the relationship between the motion and the
scanning direction can be opposite.. By adjusting the
scanning in this fashion, the fifth embodiment encodes
the signals more efficiently.

The orthogonal transformation coder 44 outputs coded
data to the MUX 38 and the orthogonal transformation
decoder 45.  In the MUX 38, the coded data are processed
in the same manner as described above for previous
embodiments. In the orthogonal transformation decoder
45, an orthogonal transformation and deccding of the
coded data are carried out to obtain a decoded
prediction error signal. The decoding follows the same
scanning order that was followed in the coding. The
obtained decoded prediction error signal is fed to the
adder 37. The other parts are processed in the same
manner as described above.

Preferably, this embodiment is practiced in
combination with the previously described embodiments.
That is, since the distance between the lines is
different in the field composed block and the
independent (not field composed) block, the power
distribution in the vertical direction is different.

Hence, the scanning control based on the difference of
the power distribution may be performed, and as &
result, effective quantization processing may be carried
out. In this embodiment, since the motion vector

- includes the control information, no supplementary
information is required. . .

Fig. 14 shows an embodiment of a receiving side for
the above-described embodiments of the motion
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t he MUX }. The notion vectors include a horizontal conponent vector and a
vertical conponent vector. Figs. 3A-3B provide an illustration of how
notion detection is perforned. Fig. 3A shows a present pixel block that is
output fromthe field conposer 8 (Fig. 2). The even field pixels are

dest gnated by dotted circles and the odd field pixels are designated by
solid circles. Fig. 3B shows nei ghbori-3g-pi xel s of nei ghboring bl ocks 202
and 204, which are positioned in the previous frane around the present

pi xel block position. The neighboring bl ocks 202 and 204 are read out of

the frame nmenory 1 (Fig. 2). The notion detector
compensation predicting coding apparatus. The receiving

side includes a data separator 46 for separating the
multiplexed coded data that is ‘output from the
transmitter side, an orthogonal transformation decoder
47, a blocking controller 48, a frame memory 49 and an
adder 50. The latter four components perform the
inverse operation to the corresponding components in the
transmitter side which have been described above.

The receiving side shown in Fig. 14 operates as
follows. Coded data 401 that has been output from the
MUX 38 of the motion compensation predicting coding
apparatus are input to the data separator 46. The data
separator 46 separates the coded data 401 and outputs
first data 407 or factor data that concerns an
orthogonal transformation, a motion vector 402, that is
sent to the frame memory 49, second data 408 that
represents a factor scanning order and third data 409
that exhibits a block structure of a prediction error
signal. The decoder 47 receives the first and second
data 407 and 408 and carries out an inversé'orthogcnal
transformation for every block unit to decode the
prediction error signal. At this time, the decoder 47
determines the scanning order of the transformation
factors within the block on the basis of the second data
408. The blocking controller 48 receives the third data
409 from the data separator 46 and a decoded prediction

- error signal from the decoder ¢7. The blocking
controller 48 determines whether the decoded prediction
error signal is a field composed block or a field
independent block on the basis of the third data 409.
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2 conpares the present pixel” block of Fig. 3A with the neighboring pixel
bl ogks 202 and 204 that are read out of the frame nenory 1. In particular,
odd field pixels NOO-NO3 and N20- N23 of the present block of Fig. 3A are
conpared with the odd field pixels in the neighboring bl ocks 202 and 204,
and:the even field pixels N10-N13 and N30-N33 of the present block are
conpared with the even field pixels | t he nei ghboring bl ocks 202 and 204
to perfiorm notion detection. As shown %1 Fig. 3B, the pixels P23 to P26
and P43 to P46 of the neighboring blocks 204 are selected as the pixels

that are nost simlar to the pixels of the odd
The block structure is unified by the blocking
controller 48 to output a blocking-controlled prediction
error signal 410 to the adder 50. The adder 50 adds a
motion compensation prediction signal 411, that has been
read out of the frame memory 49 at an address specified
by the motion vector 402, to the blocking-controlled
prediction error signal 410 and obtains a decoded signal
412. The decoded signal 412 is sent to the frame memory
49 and is stored therein.

In this embodiment, both the second data 408
representing the factor scanning order and the third
data 409 representing the block structure of the
prediction error signal may be replaced with the motion
vector 402.

Although the present invention has been described in
its preferred embodiments with reference to the
accompanying drawings, it is readily understood that the
present invention is not restricted to the preferred
embodiments and that various changes and modifications
can be made by those skilled in the art without
departing from the spirit and scope of the present
invention.

We claim:
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field in Fig. 3A. These pixels of block 204 are used to calculate the
notion vector V1 = (3,1) (note the X and Y axes Tnm Frg—3B5—whi€h-is
i ndi cative of the displacenent between the prese e sel ect ed
nei ghbori ng bl ock 24. The pixels P11 to P14 and E}i’lﬂ!’ E"mﬁwj t he
nei.ghbori ng bl ock 202 are selected as the els to

the pixels of the even field in Fig.-3 The selected pi xel s of bl ock 202
are used to

. - CLAIMS
1. A motion compensation predicting coding apparatus
for processing'input image signals that encode pixel
data for pixels of an image, each input image signal
encoding pixel data for a particular field in a first
block of pixels in the image and coding the input image
signals, comprising: o
| a motion detector for comparing each input image
signal with a previously coded frame image signal to
detect a motion vector from the compared signals;

producing means for obtaining a motion compensation
prediction signal of a signal of a second block in the
previously coded frame image signal which is most
similar to the first block, on the basis of the motion
vector;

a subtracter for obtaining an error signal between
the first block and the motion compensation prediction
signal; and |

a composer for comooszng the error signal to obtain
"a frame error signal;

a coder .-for coding the frame error signal on the
basis of correlation of adjacent pixels within the frame
error signal to obtain a coded error signal.

2. The apparatus of claim 1, wherein the motion
detector compares pixel data in like fields of the first
_block and the second block to obtain a motion vector for
each field, and the producing means obtains the motion
prediction signal of each field on the basis of the
motion vector corresponding to each field.

This Sheet Has Been R,

TR



obtain the'nDtion vector V2 = (1,0). The motion vectors 302 (V1 and V2) of

the.odd and even fields are output fromthe notion detector 32. The bl ocks

(P23 to P26 and P43 to P46) of the odd field and the bl
P31 to P34) of the even field that are designated by t

AR

are-read out of the frane nenory 33 and are conposed to*ofmaéa fteld

conposition notion conpensation predi~@&~on signal 303.

“The field

conposition notion conpensation prediction signal 303 may be conposed in
two alternative ways. First, the lines of the fields are alternated in the

order shown in Fig. 3C, or second, the lines of the

3. The apparatus of claim 2, wherein the producing
means obtains the motion compensation prediction signal
by reading pixel data out of a memory storing the

previously coded frame image signals.

4. The apparatus of claim 3, further comprising:
a decoder for decoding the coded frame error signal
output by the coding means to obtain a deccded signal;
a separator for separating the decoded signal into

signals for the respective fields; and

an adder for adding the decoded and separated
signals to the motion compensation prediction signal to

reproduce the input image signal.

5. A motion compensation predicting coding apparatus
for processing an input image signal, including blocks
of a plurality of pixels, and coding the input image
signal in consideration of motion within an image, the
input image signal being obtained by an interlaced
scanning for every field and being composed of pixel

data, comprising:

a motion detector for comparing a first block of the

input image signal to be coded with a second

block in a

previously coded frame image signal to detect a motion

vector from the first and second blocks:

producing means for obtaining a motion compensation
" prediction signal of the second block from the coded
frame image signals on the basis of the motion vector:
a subtracter means for obtaining an error signal
between the first block and the second block;
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fields designated by the notion vectors 302 are alternated in the order,
shown in Fig. 3D. Another alternative is to determ ne whetherthe field

conposition notion conpensation prediction signal 303 OT ined fromthe

met hod shown in Fig. 3C or the signal obtained fromthe mu"'ﬁmuum

Fig: 3Dis nore simlar to the presenizgixel block. The I
discrimnated by a differential absol ut.e value sumor a differential” square
sum and then the nore simlar signal is selected. The frane nmenory 1 reads
out a notion conpensation prediction signal 104 for the nei ghboring bl ocks

that adaptive blocking means for blocking the error

signal by either a first method of alternately arranging
odd and even field signals every other line or a second
method of independently arranging the odd and even field
signals for each field; and |

a coder for coding the signals of each block of the
error signal obtained by the adaptive blocking means on
the basis of correlation of adjacent pixels within the
block.

6. The apparatus of claim S, wherein the motion
detector compares pixel data in like fields of the first
block and the previously coded frame image signal to
obtain a motion vector for each field, and the producing
means obtains the motion compensation prediction signal
of each field on the basis of the motion vector

corresponding to each field.

7. The apparatus of claim 6, wherein the producing
means obtains the motion compensation prediction signal
by reading pixel data out of a memory storing the
previously coded frame image signals.

8. The apparatus of claim 7, further comprising:

a decoder means for decoding the coded error signal
output by the coding means to obtain a decoded signal;

a separator for separating the decoded signal, into

signals for the respective fields; and

an adder means for adding the decoded and separated
signals and the motion prediction signal to reproduce
the input image signal. ——
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are used in the conparison to generate the notion vectors 103. The notion
conpensation prediction signal 104 encodes |um nance pLxeL_daLg&_or t he
nei ghboring bl ocks of a previous frame. The subtracter 3 subtracts  -14-

the notion conpensation prediction signal 104 fromthe H"mﬁmum
to obtain a prediction error signal _105. |n particul ar, Qﬂ nﬂ
subtracts the pixel data for the evéf~ fleld of the input |nagé slffgnal +

9. The épparatus of claim 8, further comprising a
memory for storing at least one field of the input image
signal, and '

a second motion detector, wherein the second motion
detector detects a motion vector between the like fields
of the input image signal and an image signal of a
preceding input image signal read out of the memory, and
the adaptive blocking means changes the selected method
according to the motion vector between the like fields.

10. The apparatus of claim 8, further comprising:

a decoder for decoding the coded signal to obtain a
decoded signal; and

rearranging means for either rearranging the decoded
signal by using the selected one of the first and second
methods in the blocking means or a predetermined
arrangement without using the first or second methods in
the blocking means to obtain a rearranged signal, and

an adder for adding the rearranged signal and the
motion compensation prediction signal,

wherein the image signal with respect to the coded
block is reproduced according to the rearranged signal
and the reproduced image signal is fed to the producing
means.

11. A motion compensation predicting coding apparatus
for processing input image signals that encode pixel
data for pixels of an image, each input image signal
encoding pixel data for a particular field in a first
block of pixels in the image and coding the input image
signal, comprising:
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101 fromtthe even field of a neighboring bl ock which has the nost sinilar
even field, when an even bl ocked i nage signal 101 is input and subtracts
the pixel data for the odd field of the input inage sigﬁarﬁ“ﬁi“freﬂ¥Lhe_ggd
field of "a nei ghboring bl ock which has the nost sinilar ﬂmﬂ mhen an
odd -bl ocked inage signal 101 is input. The subtraction i ”f(m,

pi xel by!pixel basis. The prediction-gr~or signal is sepdrate

for both:the odd field and the even field of each area of an image. he
resulting prediction error signal 105, having results fromthe substracter

3 for the odd field and
a composer for composing the input image signals to

obtain a frame image signal;

a motion detector for comparing-each input image
signal with a previously coded frame image signal to
detect a motion vector from the similarity of the
compared signals: _ '

producing means for obtaining a motion compensation
prediction signal of a signal of a second block in the
previously coded frame image signal which is most
similar to the first block, on the basis of the motion
vector;

a subtracter for obtaining an error signal between
the first block and the motion compensation prediction
signal; '

blocking means for blocking the error signal; and

a8 coder for coding the signals of each block of the
error signal on the basis of correlation of adjacent
pixels within the block.

12. The apparatus of claim 11, wherein the producing
means obtains the motion compensation prediction signal
by reading corresponding pixel data out of a memory
storing the coded frame image signal.

13. The apparatus of claim 11, wherein the blocking

means selects whether to block the error signal in a
- field composition mode having altermating fields or in a
field independent mode having a single field based on

the magnitude of the motion vector.
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eveh field of an area, is conposed into one franme in the field conposer 8.
Figs. 4A-4C illustrate the bl ock conposing nmethod perfornmed by the field
coriposer 8. Fig. 4A shows bl ocked data of an odd fietd—for—an—-areaof _an

i mmge, and Fig. 4B shows bl ocked data of an even fiql ' sane area as
the odd field of Fig. 4A. The lines of these two fiel !Bm{ " :" ﬂm
conbi ned by the field conposer 8 to_gﬁ%ain a field co Mhput

signal as shown in Fig. 4C. In order% carry out such a franme conposing
process, the field conposer 8 (Fig. 2) includes a nenory 17, such as a RAM
for storing nore than one field of data.

14. The apparatus of claims 13, further comprising:

a decoder for decoding the coded error signmal to
obtain a decoded signal; and '

re~arranging means for re-arranging the decoded
signal; and

an adder for adding the re-arranged signal and the
motion compensation prediction signal,

wherein the image signal is decoded and stored in
the memory as a coded image signal.

15. A motion compensation predicting coding apparatus
for encoding pixel data of an image signal, wherein said
image signal includes pixel data organized into an even
field and an odd field for a portion of an image, said
apparatus comprising:

a) a motion detector for comparing the pixel data in
the image signal with pixel data of a previous image
signal to generate a motion vector indicative of
displacement differences between the image signal and
the previous image signal;

b) a subtracter for generating a prediction
compensation error signal by subtracting the pixel data
in the previous image signal from the pixel data of the
image signal; _

c) an adaptive blocking mechanism for receiving the
prediction. compensation error signal and organizing data
'in the prediction compensation error signal into blocks
in one of several fashions as dictated by the motion
vector to generate a blocked output; and

d) a coder for receiving and encoding the blocked
output from the adaptive blocking mechanism.
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The field conposer 8 produces the conposed output, known as a field
conposition prediction error signal -15- 110, that is sent to the coder
4. The;coder 4 produces coded data 106 and sends the coded data—+te—both the
| ocal decoder 5 and the MUX 7. In the MJX 7, the coded data 106 ar

mul.tiplexed with the notion vectors 103 of the odd armm“ﬁmu“mmtmmnd t he
* [ L M $ .*

mul ti pl exed data are placed in a forrgs-proper

16. A motion compensation predicting coding apparatus
for encoding pixel data of a first -image signal and a
second image signal, wherein the first image signal
encodes pixel data in an odd field of a portion of an
image and the second image signal encodes pixel data in
an even field of the portion of the image, said
apparatus comprising:

a) a field composer for composing the pixel data in
the first signal for the odd field with the pixel data
in the second signal for the even field to produce a
composed image signal having pixel data for both fields:

b) a motion detector for comparing the pixel data in
previous image signals to generate a motion vector
indicative of displacement differences between the
pixels of the first and second image signals relative to
the previous image signals;

¢) a subtracter for gemerating a prediction error
signal by subtracting the pixel data in the previous
image signals that are used to generate the motion
vector from pixel data in the composed image signal; and

d) a coder for receiving and encoding the prediction

error signal from the subtracter.

17. A motion compensation predicting coding apparatus
for encoding pixel data of a first image signal and a
second image signal, wherein the first image signal
- encodes pixel data in an odd field of a portion of an
image and the second image signal encodes pixel data in
an even field of the portion of the image, said
apparatus comprising: _ R
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_ | _ ST
for the transmission line 109. In the local decoder_5, the coded data 106
are.locally decoded to obtain a field conposition decoded prediction—error

signal 111 which is sent to the field separator 9. u i ator
9, the lines of the field conposition decoded predi {"mnmm@lg%ﬂ 111
are-alternately separated to obtain separate respective ¢decode el ction
error signals 107a for the odd field -s4g-the even-field. In the adder 6,
each decoded prediction error signal 107a is added to the notion '

conpensation predicting signal 104 of the corresponding field to obtain a
| ocal decoded signal 108, which is sent to the frane nenory and is stored

a) a field composer for composing the pixel data in
the first signal for the odd field with the pixel data
in the second signal for the even field to produce a
composed image signal having pixel data for both fields;

 b) a motion detector for comparing the pixel data in
previous image signals to generate a motion vector
indicative of displacement differences between the first
and second imagés relative to the previous image signals;
¢) a subtracter for generating a prediction error
signal by subtracting the pixel data in the previous
image signals that are used to generate the motion
vector from pixel data in the composed image signal; and

d) a coder for receiving and encoding the prediction
error signal from the subtracter, said coder including

i) a transformation means for performing an
orthogonal transformation on the prediction error
signal to produce a coefficient matrix; and
_ ii) a quantizer for quantizing coefficients
from the coefficient matrix; and

iii) a scanning controller for controlling what
order the coefficients are scanned from the
coefficient matrix and passed to the quantizer,
based on the motion vector. |

18. In a motion compensation prediéting coding
apparatus, a method of encoding pixel data for a portion

" of a current image, wherein said pixel data includes
data from an even field and data from an odd field, said
method comprising the steps of:
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thereiq. In the coder. 4, two-dinensional predicting coding is perforned
using the correlation betmeen t he nei ghboring p|xegi€é;;;JEilggi;uuu4¥- and
vertical directions of the notion conpensation pre error S|gnal 110.
One approach to coding that may he enployed is an ap 5 t he
di screte cosine transform (DCT). The DCT approach is mﬂ m iose
skilled in the art. The DPCT approacﬁ ~as descrlbed ad'k gFound of

the Invention, transforns a block of input of a given size to produce an

equal sized array of transform coefficients. Each conposed block that is
‘input to the '

a) receiving pixel data for the current image;

b) detecting motion between the pixel data of the
current image and pixel data of a previous image and
generatlng a motion vector indicative of the motion;

. @) subtracting the pixel data of the previous image
. from the pixel data of the current image to generate a
prediction error signal; .
¢) encoding the prediction error 51gna1 using a

coder.
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-16- coder- 4 undergoes a two-dinensional transformation that yields the
transform coefficients. The DCT approach converts the input conponents into
frequency conponents. The |ow frequency coefficients are quantitized nore
finely (i.e., assigned a |arger nunber of bits) because they typically
possess greater energy. Hence, less distortion arises given the higher
precision of the encoding of these | awgj~frequencies. In contrast, the

ABSTRACT OF THE DISCLOSURE

MOTION COMPENSATION PREDICTING CODING
METHOD AND APPARATUS

A motion compensation predicting coding apparatus
includes a motion detector for comparing pixel data in
an image signal with pixel data of the previous image
signal to generate a motion vector. The motion vector
is indicative of the displacement differences between
the image signal and the previous image signal. The
image signal may be organized into blocks of pixel data
for a single field or for multiple fields when motion
detection is performed on the image signal by the motion
detector. A subtracter generates a prediction |
compensation error signal by subtracting the pixel data
in the previous image signal from the pixel data of the
image signal. A coder receives the prediction
compensation error signal and generates an appropriate
coded output. The apparatus may also include an
adaptive blocking mechanism for receiving the prediction
compensation error signal and organizing the data in the
signal into blocks into one of several fashions as
dictated by the motion vector.
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higher frequency coefficients are quantitized nDre'coarser (i.e;; assi gned

fewer bits) and possess less energy. Fig. 5 provides an illustration of a 4 )

X-4 coefficient matrix that is the product of a DCT approach. The frequency
of the coefficients is the |owest in the_ upper | eft-hand corner of the
matrix. Hence, the coefficient designated as "A" has the |owest frequency.
The horizontal frequency of the coefficients i ncreasés as one noves

horizontally across the rows of the nagrix in the direction of arrow 23.in

Fig. 5. Likewi se, the vertical frequenty of the coefficients increases as =
one noves down a colum of the matrix n
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the direction of arrow 25. Accordingly, coefficient "C' has a greater

hori zontal frequency than coefficient "A", but has a similar vertical
frequency. On the other hand, coefficient "B'*has a greater vertical
frequency than coefficient "A" but -has a simlar horizontal frequency. As
was nentioned above, the |ower frequency conponents are assigned nore bits
t han the hi gher frequency conponents.:Thus, coefficient "A" typically has
the greatest nunber of bits assigned to it. The '
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-17- icunul ative frequency in the coefficient matrix then increases in a
zi g-2zag fashion. Specifically, coefficients "B" and coefficients "C' are

t he next highest frequency conponents~and typically are assigned the next

hi ghest nunber of bits relative to coefficient "A'". The nunber of bits
assigned to the coefficients continues to decrease until the highest

f requency conponent "D' is reached. .Typically, coefficient "D' is assigned
zero bits. In the above discussion, t hedcoder 4 (Fig. 2) is '
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described as perform ng the coding by DCT, which is kind of orthogonal '
" transformation. It is, however, also possi Bl to performthe coding by
utiligzing other well- known technlques such as differential pulse code
nodul ati on (DPCM or vector quantization. When vector quantization is
used, a codebook is used. Fig. 6A shows a second e"b&dlﬂwjl_gge
coenpensation predicting coding apparatus. This second enbodi ment inc
nmotion detector 32, a frane nmenory 33, a subtracter 34lhis8h@oQalg epla (|loca|
decoder 36, an adder 37 and a multipl 4<er 38, like. the e
conponents in the first described enbodi nent of Fig. 2 Iﬂ” ,
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This second enbodi nent, however, differs fromthe first enmbodi ment in that
It includes an adaptive conposer 39, an adaptive deconposer 40 and a nenory
41. The operations and functions of these -additionat conponents wll be
descri‘bed below. In this second enbodinent, an input image signal 300 is

i nput to the notion detector 32 and the menory 41. This |nput | mage si gnal
300 is already organi zed into ~ -18-- '

5
INCREASING HORIZONTAL
FREQUENCY
T2z
A c
| 25 B
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bl ockg. In the notion detector 32, a notion vector 302 of the input inmage
signal 300 is detected in the sane manner as-the first enbodi nent descri bed
abeve. In the notion detector 32, a notion vector 302 of the input signal
200 is produced using the imge signals 305 of the preceding frane, which.
are read out of the frane nenory 33 in the sane manner as descri bed above
fof the first enbodi ment. The resulting notion vector 302 is fed to the
frame nmenory 33 and to the MJUX 38. A notibn conpensation prediction signal
303 is read out of the frame nmenory 33 as_specified by the notion vector-
302 and is sent to the subtracter 34. Thds

o] .
C:‘\I _ ;
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subtracter 34 subtracts the moti on conpensati on predlctlon S|gnal 303 from
the field conposition frame input signal 301 to output a field conposition
predi ction error signal 304 to the adaptive conposer 39. In this

enbodi nent, in order to process both the odd and even fields at the sane
time in the subtracter 34, the input inmge signal 300 is stored in the
menory 41. When the notion vectors for t.he odd and even fields are obtained
in the notion detector 32, a determnation is nmade in the adaptive conposer
39 using the notion vector 302 whether the coding is carried out in a field
conposition node or in a field independeAt node. For :
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exanpl e, when the notion vectors of both the fields are coincident. with
each other, both the fields are conposed. The adaptive conposer 39 divides
the field conp05|t|on prediction error srgnaf 304 into blocks on the basis
of the notion vector 302, as shown in Figs. -19- 7A-7C. In Figs. 7A-7C,
"O' indicates a pixel ‘of the odd field, and "[err]" indicates a pixel of

t he even field.
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: HMQ#qwi the shadi ng rhdlcates a difference in |Ilun1nancé“F|g 7A shows &
bl ock*of the prediction error S|gnal 304 in which field co as
been properly carried out, that is, by aIternately‘érféﬁﬁrgggftzkeH%ZIs of
the odd field and the pi xels of the even field on eﬁgggﬁedtﬂweem t he
field conposition frane becones a continuous I mage S i mage,
it is meant that the boundary between the illum nate mm p| xel s)
and the dark pixels (black pixels) is continuous. conti nuous i mage

is obtained by field conposing the power concentratlon of the Iom1frequency
conmponent is effectively raised, espeC|qgly
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when orthogonal transformation coding is uséd by the coder 4 (Fig. 6).

result,

the coding efficiency is increased. Fig. 7B,

bl.ock of the prediction error signal 304 in which fi

error signal would result is when there is a great anDu

i mage.

In particular,

n
t he obj ect nobves between scanni
and scanning of the even field. As a result, thefleld m
becones an i mage having nany dlscontigrous parts (i.e. not hav
cont i nuous -boundary between grey and
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coded. signal has a |arger nunber of high frequency conponents, and the
coding efficiency is decreased. Hence, depending.on the notion wthin the
i gput i mage signal, a determnation is nmade whether to use field
conposition or not. -20- Fig. 7C shows dan. exanple where the
above-descri bed adaptive nmethod has been properly applied. In Fig. 7C, the
fi-el d conposition is perfornmed for the region 51, : '
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and no field conposition is performed for the region 53. Sub-regions 5la
and 51b include both even and odd field pixels. In contrast, sub-region 53a’
i gcludes only odd field pixels, and sub-regi.on 53b includes only even field
'phxels Fig. 6B provides a nore detail ed depiction of the adaptive conposer
39" Thi s adaptive conposer includes a svmi ", a conposer "c" and a
di-scri'm nator "a". These conponents work ggether to control blocking in
response to the notion vector 302. For exanple, when the notion vector is
zero or 1 in the even and odd fields, discrimnator "a" pernmts frane
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Ot herwi se, the discrimnator does not permt frame conposition and sends a
signal "b" to the switch "e". The swit.ch "e" is operated in response to
si,gnal’ "b". Upon receiving the signal "b", she switch "e" nobves its contact
to touch the leg "f", which bypasses the co ser "c". Wen a signal "b" is
not received by the swtch "e", the switch £8 positioned to contact the |eg
| eading to the conposer "c". To performd4he frame conposition, the conposer
"e" provides a signal "d" by conbining the notion conpensation prediction

signals 304 of the even and odd fi-elds as shown in Fid?‘ﬁﬁf\MLLnggL\iifii
conposi tion, _ This Sheeg 1y
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t he T'oti on conposition predlct on §Tgﬁar§'are sepana%ely_ou{put fot-the- - ~-—

even and odd- fields. -21- The adaptive conposer 39 processes: t-he ngnaF”
304 into bl ocks based on.the notion vectors 302. Wen the notion anounts of
t he odd and even fields are al nost equal he correl ati on between t.he .

fields is high. Therefore, as shown in. 1 8A, the signals (10 - 40) of
the odd field (shown as darkened circles) and the
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S|gndls (1E—4E) of the even field are alternately arranged—on-suecess+¥e~——————
| i nes. However, when the notion anbunts in the odd fields and in the even
fmelds differ, the correlation between the even fields and the odd fields

is low Thus, as shown in Fig. 8B, no field conposing is enployed. As a

result, the odd field signals are arranged: in the upper part o bl ock,

and the even field signals.are arranged in the Le%er*pa’f’6T~?%gLE$ock I n
accordance with the above-descri bed ada t ve net hod tg @Q@f me onposer

39 outputs a bl ocking-controlled predic n error ‘j“m\““\ oder

LOW HORIZONTALFREQ. HIGH

LOW

VERTICAL
'FREQ.




35. " The coder 35 perfornms DCT or the |like on the blocking-controlled
prediction error signal so as to quantize the signal. Prediction error
goded data are output to the decoder 36 and the—NU¥—38¥_LH_LDQ_N!§_§8, t he
predi ction error coded data are nultiplexed with the notion vector 302 sent
fromthe notion detector 32, and the nultipl exed u#aceiHes BeRepabtly t 0 t he
thansmission line. In the decoder 36, the predicti ﬂﬁ

data are
decoded to obtain a decoded predictiohl ror signa ‘prediction
error signal is sent to the adaptive deconposer 40. In the a ive
deconposer ' o '
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KR .
-22-" 40, all blocks have the same bl ocking structure. That is, the gg r
36.determ nes on a bl ock-by-bl ock basis what bl ocking nmethod was enploye %
to create the block by exam ning the notion vector, and based on that
determ nation, the decoded prediction error signal is nade into a
predeterm ned format by the adaptive deconposer 40. F|g 6C provides a nore
det ai | ed deplctlon of the _

MOTION COMPENSATION PREDICTING ZODING
METHOD AND APPARATUS

BACKGROUND OF THE INVENTION

i) Field c¢f the invention:

The present invention relates generally to image
encoding systems and, more particularly, to motion
compensation predicting coding systems.

il) Description of the Prlor Art:

F1g 1 shows a conventlonal motion compensatlon
predlctlng coding apparatus, as disclosed in "A Study on
HDTV Signal Coding with Mo;ion-Adaptive Noise Reduction"
by S. Nogaki, M. Ohta and T. Omachi, The Third HDTV
International Workshop Preliminary Report, Vol. 3,

1989. The conventional motion compensation predicting
coding apparatus encodes a digital image signal 101 to
produce a coded signal 106 that is sent over a
transmission line 109. The conventional motion
compensation predicting coding appafatus includes a

- frame memory 1, a motion detector.2, a subtracter 3, a
coder 4, a local decoder 5, an adder 6 and a multiplexer
(MUX) 7. At a destination, the coded data is decoded to
‘reproduce the original image signal 101. The
destination has an architecture 51m11ar to that shown in
Fig. 1, except that.the destination is configured to
decode rather than encode.
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adapfive deconposer 40. The adaptive deconposer includes a discrimnator
"nm', a switch "k" and a separator "h". The adaptive deconposer 40 functions -
i nversely relative to the adaptive conposer 39 (Fig. 6A). In particular,
t he "adapti ve deconposer 40 separates the fields of an input block which
frames are conposed by the adaptive;&gnposer 39. Adiscrimnator "nf

functions in a fashion anal ogous to the previously described di-scrininator

"a" (shown in Fig. 6B). Wen the notion vector 302 is zero in the odd and

even. fields, the discrimnator "ni' permts field separation. O herw se, the

discrininaIchéggréwé?ggﬁgsfhéi nglogégation of the conventional
coding apparatus, it is helpful to review the format of
the image data to be encoded. An image may be viewed as
being made of a number of picture elements or pixels.
Each of these'pixels has a certain level of luminance
that is encoded according to a grey scale or other
scale. The luminance for each pixel may be encoded into
a digital signal. The digital signals for an entire
screen of the display form a frame. This frame may be
broken down into rows of pixels. Since many video
displays, such as conventional cathode ray tubes, scan
odd numbered rows in a first pass and even numbered rows
in a second pass whénfgenerating an image (i.e.,
interlaced scanning), it is helpful to view the frame as
being composed of an even field having data for even
numbered rows and an odd field having data for odd
numbered rows. Each of the fields (i.e., the odd field
and the even field) may be further divided into blocks
of pixel data such as regions of 8 pixels by 8 pixels.

The conventional motion compensation predicting

coding apparatus operates as follows. An input image
signal 101 or, for example, a digital signal encoding
the luminances of pixels in a frame is provided in
accordance with an interlaced scanning format. In the
interlaced scanning format, the odd rows of pixels are
first scanned and then the even rows of pixels are
scanned. Hence, the input signal provides a sequence of
pixel data beginning with the data for all of the odd
rows which is followed by the data for all of the even
rows. For purposes of the present discussion, it is
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that activates switch "k". Wen the switch is activated by the signal "g",
a connection is nade to the separator "h". The separator "h" outputs the

signal "i" by separating the frane conbine restoration prediction error
signal "I" for the odd and even fields as shown in Figs. 4A and 4B. If the
di scri m nator does not generate the signal "g", the fields are not
separated and the restoration predictdon error signal "I" is output. In
this instance, the signal "1" has already been separated for the even and-
odd fi el ds.

assumed that the input imége signal 101 is already
organized into blocks. Each block is made of pixels of
the same field. The system operates on a block at a
time until all the blocks of a given field are encoded.
'The system then proceeds to encode the blocks of the
other field in a frame. Once a frame is fully encoded,
the process of encoding is repeated with a next frame.
The input image signal 101 of the present frame is
compared with the image signals for the same field in a
preceding frame to carry out motion detection. For
instance, suppose a first block in the input image
signal 101 encodes luminance information for a block of
pixels in the odd field of a present frame. The motion
detection of this first block is performed in the motion -
detector 2 by searching for the most analogous block in
the neighboring blocks 102 in the previous frame that
are positioned around the corresponding position of the
first block. The neighboring blocks 102 are read out of
the frame memory 1 and provided to the motion detector
2. The frame memory 1, stores image data (of local
decoded signals 108) which has been locally decoded in
the local decoder 5 and which has been summed with a
motion compensation signal 104 in the adder 6. The
frame memory 1 may be realized as a conventional RAM.
The motion detector 2 determines the similarities
between the present block and the respective neighboring
‘blocks to select the most analogous neighboring blocks.
‘As a yardstick of similafity, the motion detector 2 may
calculate a differential absolute value sum between
blocks that is obtained by summing absolute values of
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-23- In the adder 37, the blocking-controlled prediction error signal
out put fromthe adaptive deconposer 40 is added with the field conposition
noti on conpensation prediction signal 303 to obtain-a decoded signal. The
decoded signal is sent to the frame nenory 33 and stored therein. In this
illustrative enbodi nent, the informatjon concerning how the bl ocking
structure is determned is nmade to éﬁy?espond with the notion vector
i nformati on, and hence the sw tching of bl ocking approaches may be
perfornmed wi thout requiring any .
each difference in luminance values for the corresponding
pixels in the blocks,_dr the motion detector may
calculate a differential square sum that is obtained by
summing square values of differences in luminance values
between the corresponding pixels in the blocks.

Once the most analogous neighboring block is found,
the motion detector 2 calculates and outputs a motion
vector 103 to the frame memory 1 and the MUX 7. The
motion vector indicates the vector displacement
difference between the most analogous neighboring block
and the first block. This motion wvector 103 includes

- vector components in the horizontal and vertical
directions. Also, once the mostfanalogous neighboring
block is found, a motion compensation prediction signal
104 that encodes the illuminance of the pixels of the
most analogous neighboring block is read out of the
frame memory 1 and sent to a subtracter 3.

The subtracter 3 subtracts the motion compensation
prediction signal 104 from the input image signal 101 to
obtain a prediction error signal 105. In particular,
the illuminance of each pixel in the motion compensation
prediction signal is subtracted from the illuminance of
each corresponding pixel in the input image signal 101.
Chips for performing the subtraction are commercially
available. The subtracter 3 then outputs the prediction
error signal 105 to the coder 4. The coder 4 executes
‘the coding of the prediction error signal 105 to remove
spatial redundancy in the signal. The coder 4, thus,
helps to compress the predidtion error signal 105. The
signal 105 includes both léw frequency components and
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suppl enentary information. In this enbodi ment, the notion vectors, which
are independently obtained for the odd and even fields, are used for the
adapti ve bl ocking approach so that the notion between the odd and even
fields is nore exactly controlled. In this enbodi nent, although the bl ock
size of 4 pixels x 4 lines is used i+b+he coder 35, other block sizes such
as 8 pixels by 8 lines or the like may be used. Fig. 9 shows a third
enbodi nent of a notion conpensation predicting coding apparatus in
accordance

high frequency components. Usually, in compressing the
predzctlon error signal 105, the coder 4 quantizes the
low frequency components of the signal 105 ﬁsing many
bits and gquantizes the high frequency components'using
few bits. More bits are used in the encoding of the low
frequency components because the low frequency
components typically have much greater power than do the
high frequency components. Assigning more bits to the
low frequency components enhances coding efficiency and
reduces image degradation. The coder 4, may pefform,
for example, an orthogonal transformation, such as a
discrete cosine transformation (DCT), on an 8 x 8 pixel
block to effect a frequency conversion that results in
scalar quantization of a conversion factor. ;
Scalar-quantized coded data 106 for the block is then
sent from the coder 4 to the local decoder 5 and to the
MUX 7.

The MUX 7 not - only multiplexes the coded data 106
and the motion vector 103 but also encodes the data in a
format proper for sending the data down the transm15519n
line 109. The local decoder 5 performs a reciprocal
operation to that performed by the coder 4. 1In
particular, an inverse scalar quantization or an inverse
orthogonal transformation is carried out to obtain a
decoded error signal 107. The adder 6 adds the motion
compensation predicting signal 104 to the decoded error
signal 107 to obtain the local decoded signal 108, which
corresponds to the input image signal 101. Chips for
implementing the adder 6 are well known in the art. The
local decoded signal 108 is stored in the frame memory 1.
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! .
with the present invention. This third enbodi nent has several conponents
| i ke the previously described second enbodi nent. These |i ke conponents are
given |ike reference nunbers. The third enbodi nent differs fromthe second
enbodi nent in that this third enbodi nent includes two types of notion
detectors 32 and 43. The operation of these notion detectors 32 and 43 is
descri bed bel ow. - 24- - —6=

The local decoded signal is subsequently read out of the
frame memory 1 for use in'carrying out the motion
detection of the odd field in the next frame.

For the even field of the input image signal 101,
the motion detection in the motion detector 2, the
coding in the coder 4, and so forth are carried out in
the same manner as described above with respect to the
odd field. _

In the conventional motion compensation predicting
coding apparatus, as described above, the removal of the
temporal redundancy included in the motion image signal
is carried out by motion compensation predicting coding
and by using an appropriate technique such as an
orthogonal transformation, differential pulse code
modulation (DPCM), vector quantization or the like. As
described above, in the conventional motion compensation
predicting coding apparatus, the correlation of the data
in the same field is utilized. However, the temporal
correlation between continuous different fields
subjected to the interlaced scanning is not used, and,
hence, the coding efficiency is low.

It is, therefore, -a general object of the present
invention to provide a more efficient motion
compensating predicting coding method and apparatus.

SUMMARY OF THE INVENTION

’ The foregoing objects and and other objects and
advantages will be realized by the present invention in
which a motion.compensation predicting coding apparatus
encodes pixel data of an image signal. The image signal
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The third enbodi ment operates as follows. An input inage signal 300, which
I s organi zed into blocks of even field pixels and bl ocks of odd field
pixels, is fed to the first notion detector 43 and the nmenory 41. The input
i mage signal 300 is stored in the nenory 41. The input inmage signal 300 is
al so sent to the first notion detectoy-43. The previously received i mage
signal 301 is read out of the nmenory 41 and sent to the first and second
notion detectors 32 and 43. The inage signal 301 is also sent to the
subtracter 34. The first notion detector 43 calculates a notion vector 306

between thg-0ddedNPi%¥eN dhtsl €3 qahia 1AUY 4 'WeR Fidd A i
field for a portion of an image. The apparatus includes
a motion detector for comparing the pixel data in the
image signal with pixel data of a previous image
signal. The motion detector generates a motion vector
that is indicative of the displacement differences
between the image signal and the previous image signal.

The motion compensation predicting coding apparatus
also includes a subtracter for generating a prediction
compensation error signal by subtracting the pixel data
in the previous image signal from the pixel data of the
current image signal. The résulting prediction
compensation error signal is passed through an adaptive
blocking mechanism that organizes the data of the
prediction compensation error signal into blocks in one
of several fashions. The blocking strategy is chosen as
dictated by the motion vector. The blocking mechanism
generates a blocked output that is fed to a coder and
encoded.

The motion compensation predicting coding apparatus
may alternatively include a field composer for composing
the odd field pixel data in the incoming image signal
‘'with even field pixel data in the incoming image signal
to produce a composed image signal. This composed image
signal has pixel data for both the even and odd fields.
This composed image signal is used by the motion
.Getector in determining the motion vectors. Thus, in
this alternative embodiment, the motion detection is not
carried out sfrictly on single field blocks but rather
is carried out on field composed blocks . '
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the i mage signal 301 in the same manner as described above for the previous
enbodi nents. The notion vector 306 is then sent to the MJX 38, the adaptive
conposer 39, and the adaptive deconposer 40.. The second notion detector 32
cal cul ates a notion vector 302 indicating the notion between the odd field
of image signal 301 and an odd field of a neighboring block read out of
frame menory 33 and indicating the S on between the even field of I mage
S|gnal 301 and an even field of a neighboring block read out of franme
menory 33. Although the first and second notion detectors are independently

prOV|ded in this enbodi nent, one notion detector can be
The coder for encodlng output may include several

components. First, the coder may include a

. transformation means for performing an orthogonal
transformation on the prediction error signal to produce
a coefficient matrix. Second, the coder may include a
quantizer for quantizing the coefficients from the
coefficient matrix and a scanning controller for
controlling what order the coefficients are scanned from
the coefficient matrix and passed to the gquantizer.

This order is preferably controlled by the motion
vectors. 1In particular, the motion vectors indicate-
whether there will be large horizontal components or
‘large vertical componentsfthat are most efficiently -
quantized by altering the scanning order of the
coefficient matrix. These elements may be used in
conjunction with the above-described components.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages
of the present invention will be more fully apparent
from the following description of the preferred
embodiments with reference to the accompanying drawings,
in which: ' '

Fig. 1 is a block diagram of a conventional motion
compensation predicting coding apparatus;

Fig. 2 is a block diagram of a first embodiment of a
motion compensation predicting decoding apparatus
according to the present invention;

Fig. 3A shows a block derived from the field
composition-frame'input signal;
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used at a tinme, being shared for the two purposes. In this enbodinent,
notion vector 306 determ nes whether the coding is carried out in a field
conposition node (i.e., the fields are conposed) or in a field independent
node (i.e., the fields remain separate).. For exanple, when the notion
vector 306 between the even -25--gAd odd fields is zero, field
conposition node is chosen, and the fields are conposed. On the.other hand,

-Fig. 3B shows neighboring blocks to which the odd
and even field of Fig. 3A are compared;

Figs. 3C and 3D show alternative methods for forming
a motion compensation prediction signal using the blocks
of Figs. 3A and 3B;

'Fig. 4A shows a block of an odd field;

Fig. 4B shows a block of an even field;

Fig. 4C shows a field composition frame input signal
formed from the blocks of Fig. 4A and Fig. 4B using a
field composition method;

Fig. 5 shows a coefficient matrix for a DCT coding
method;

Fig. 6A is a block diagram of a second embodiment of
a-motion compensation'predicting_coding apparatus
according to the present invention;

Fig. 6B is a more detailed block diagram of the
adaptive composer 39 of Fig. 6A;

Fig. 6C is a more detailed block diagram of the
adaptive decomposer 40 of Fig. 6A;

Figs. 7A-7C show a field composition method using
the apparatus shown in Fig. 6A;

Figs. 8A and 8B show field composition modes in the
apparatus shown in Fig. 6A;

Fig. 9 is a block diagram of a third embodiment of a
motion compensation predicting coding apparatus
according to the present invention;

Fig. 10 is a block diagram of a fourth embodiment of
a motion compensation predicting coding apparatus
actording to the present invention; '
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If there is a substantial disparity between notion of the even fields and
notion of the odd fields, field i ndependent node is chosen. The sel ection
of the nodes is realized by passing the notion vector 306 to the adaptive
conposer 306. The subtracter 34 subtracts the notion conpensati on
prediction signal 303, which is readjgut of the frame nmenory 33, fromthe
I mge signal 301 which is read out of the nenory 41 to obtain a prediction
error signal 304. The prediction error signal 304 is fed to the adaptive
conposer 39. The adaptive conposer 39 controls the blocking of the

prediction erﬁ?é.559”9h0§94m8QiBQ?compensation predictings in the
apparatus according'to the present invention;
~ Fig. 12 is a block diagram .of a fifth embodiment of
a motion compensation predicting coding apparatus
according to the present invention; -

Figs. 13A-13C are explanatory views of conversion
factor distribution in the apparatus shown in Fig. 12;
and
~ Fig. 14 is a block diagram of a construction of a
receiving side used in the embodiments of the apparatus
according to the present invention.

_DE'SCRIPTI.ON' OF THE PREFERRED EMBODIMENTS

The present invention will now be described in
connection with its preferred embodiments with reference
to the attached drawings, wherein like reference
characters designate like or corresponding parts
throughout different views.

Fig. 2 shows a first preferred embodiment of a
motion compensation predicting coding-apparatus, in
accordance with the present invention. The motion
compensation predicting coding apparatus of Fig. 2
includes a frame memory 1, a subtracter 3, a coder 4, a
local decoder 5, an adder 6 and a multiplexer (MUX) 7,
which each are of the same construction and have the
same functionality as corresponding components of the
.conventional motion compensation predicting coding
apparatus shown in Fig..1. The coder 4 will be
described in more detail below. This embodiment of the
invention further includes a field composer 8 for
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basi.s of the notion vector 306 in the same manner as described for the
second enbodi nent. The other illustrated conponents are operated in the
same nmanner as the second enbodi nent descri bed above. Although the notion
vectors that are independently obtained for the odd and even fields are
used for the bl ocking swtching i n-83e second enbodinent, in the third -
enbpdi ment the notion vector obtained between the odd and even fields is
used to control the adaptive blocking. In this enbodi nent, the notion
vectors between the odd fields and between the even fields in the first
noti on debwpbeing3fietdeonfanhe dnplatesdlgnal into blocks for

coding, a field separator 9 for decomposing coded
signals, and a blocking controller 12 for blocking input
image signals 100 into blocks.

The motion compensation predicting coding apparatus
shown in Fig. 2 operates as follows. An input image
signal 100 is input to blocking controller 12. This
input image signal is not yet organized into blocks.

The input image signal 101 includes both even and odd
fields of pixel luminance data, for an area of an image
sent in an interlaced scanning format. In most
instances a block may be made of 8 x 8 pixels or 16 X 16
pixels. The blocking'contrqller 12 organizes the data
encoded in the signals into blocks to produce a blocked
input image signal 101 having blocks of pixel data.

Each block in the blocked input image signal 101
includes either exclusively even field pixel data or
exclusively odd field pixel data.

A block of the blocked input image signal 101 is
sent to the motion detector 2 and to the subtracter 3.

~ The motion detector 2 performs an evaluation of the
similarity of the present block of the blocked input
image signal 101 to the neighboring blocks 102 of the
same field in the preceding frame, which are read out of
the frame memory 1. This evaluation is carried out in
the same manner as it is carried out in the conventional
apparatus described with reference to Fig. 1. The
'motlon between the present block and the most similar

- block of the preceding frame is captured in the motion
vectors 103 that are output to the frame memory 1 and
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other. Hence, the notion between the two fields is exactly known, and
sui tabl e bl ocking control is perforned. -26- Fig. 10 shows a fourth
enbodi nent of a notion .conpensation predicting coding apparatus accordi ng
to the present invention. In this enbodi nent, the notion conpensation
predicting coding apparatus conprisgs, a field conposer 31, a notion
detector 32, a frame nenory

1

the MUX 7. The motion vectors include a horizontal
component vector and a vertical component vector.

Figs. 3A-3B provide an illustration of how motion
detection is performed. Fig. 3A shows a present pixel
block that is output from the field composer 8 (Fig.

2). The even field pixels are designated by dotted
circles and the odd field pixels are designated by solid
circles. Fig. 3B shows neighboring pixels of
neighboring blocks 202 and 204, which are positioned in
the previous frame around the present pixel block
position. The neighboring blocks 202 and 204 are read
out of the frame memory 1 (Fig. 2). The motion detector
2 compares the present pixel block of Fig. 3A with the
neighboring pixel blocks 202 and 204 that are read out’
of the frame memory 1. In particular, odd field pixels
NOO-N03 and N20-N23 of the present block of Fig. 3A are
compared with the odd field pixels in the neighboring
blocks 202 and 204, and the even field pixels N10-N13
and N30-N33 of the present block are compared with the
even field pixels in the neighboring blocks 202 and 204
to perform motion detection.

As shown in Fig. 3B, the pixels P23 to P26 and P43
to P46 of the neighboring blocks 204 are selected as the
pixels that are most similar to the pixels of the odd
field in Fig. 3A. These pixels of block 204 are used to
calculate the motion vector V1 = (3,1) (note the X and Y

-axes in Fig. 3B), which is indicative of the
displacement between the present block and the selected
neighboring block 24. The pixels Pll to P14 and P31 to
P34 within the neighboring block 202 are selected as the
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33, a subtracter 34, a coder 35, a decoder 36, an adder 37, a MJX 38, an

adaptive conposer 39 and an adaptive deconposer 40. The fourth enbodi nent
operates as follows. In this enbodi nent, notion conpensation is carried out

froma frane input signa

frame

manner

in which two fields are being conposed (i.e.,

t he

i nput signal is conpared with3the frane i mage data stored in frane
menory 33). Specifically, an input inage signal 300 that has been obtai ned
by an interlaced scanning is conposed into one frame in the field conposer
31. The field conposing perfornmed by field conposer 31 is realized in the

most similar pixels to the pixels of the even field in
Fig. 3A. The selected pixels of block 202 are used to
obtain the motion vector V2 = (1,0). The motion vectors
302 (V1 and V2) of the odd and even fields are output
from the motion detector 32,

The blocks (P23 to P26 and P43 to P46) of the odd
field and the blocks (P11l to P14 and P31 to P34) of the
even field that are designated by the motion vector 302
are read out of the frame memory 33 and are composed to
form a field composition motion compensation prediction
signal 303. The field composition motion compensation
prediction signal 303 may be composed in two alternative
ways. First; the lines of the fields are alternated in
the order shown in Fig. 3C, or second, the lines of the
fields designated by the motion vectors 302 are
alternated in the order, shown in Fig. 3D. Another
alternative is to determine whether the field
composition motion compensation prediction signal 303
obtained from the method shown in Fig. 3C or the signal
obtained from the method shown in Fig. 3D ‘is more
similar to the present pixel block. The similarity may
be discriminated by a differential absolute value sum or
a differential square sum, and then the more similar
signal is selected. '

The frame memory 1 reads out a motion compensation
prediction signal 104 for the neighboring blocks that
are used in the comparison to generate the motion
vectors 103. The motion coémpensation prediction signal
104 encodes luminance pixel data for the neighboring
blocks of a previous frame. The subtracter 3 subtracts
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shown in Figs. 4A - 4C. That is, when the input inmage signals of the odd
and even fields are as shown in Figs. 4A and 4B, respectively, the |ines of
these two fields are alternately conbined to obtain a field conmposition
frame input signal 301 as shown in Eyjg. 4C. The obtained field conposition
frame input signal 301 is sent to the notion detector 32 and the subtracter
34. In the above discussion, the coder is described as performng the
codi ng by DCT, which is kind of orthogonal transformation. It is, however,

2L 50 PoSSLRbph 1851 BFERbRER 398, BREH ok ph' 243a3" 06) HEbly g
present pixel data to obtain a prediction error signal
105. 1In particular, the subtracter 3 subtracts the
pixel data for the even field of the input image signal
101 from the even field of a neighboring block which has
the most similar even field, when an even blocked image
signal 101 is input and subtracts the pixel data for the
odd field of the input image signal 101 from the odd
field of a neighboring block which has the most similar
odd field when an odd blocked image signal 101 is
input. The subtraction is performed on a pixel by pixel
basis. The prediction error signal is sebarately

.obtained for both the odd field and the even field of
'each area of an image. ' .

The resulting prediction error signal 105, having
results from the substracter 3 for the odd field and
even field of an area, is composed into one frame in the
field composer 8. Figs. 4A-4C illustrate the block
composing method performed by the field composer 8.

Fig. 4A shows blocked data of an odd field for an area
of an image, and Fig. 4B shows blocked data of an even
field in the same area as the odd field of Fig. 4A. The
lines of these two fields are alternately combined by
the field composer 8 to obtain a field composition frame
input signal as shown in Fig. 4C. In order to carry out
such a frame composing process, the field composer 8

- (Fig. 2) includes a memory 17, such as a RAM, for
storing more than one field of data. '

The field composer 8 produces the composed output,
known as a field composition prediction error signal
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nodul ati on (DPCM or vector quantization. \Wen vector -27- quantization
I s used, two types of codebooks are used (i.e., one codebook for the field
bl ocki ng and the ot her codebook for frame blocking) so that the desired
codebook wi Il be selected according to either the field or franme bl ocking
done by the blocking controller to Yk ther inprove coding efficiency. In
above enbodi nents, the nethods of determ ning the :

110, that is sent to the coder 4. The coder 4 produces
coded data 106 and sends the coded data to both the
local decoder 5 and the MUX 7.

In the MUX 7, the coded data 106 are multiplexed
with the motion vectors 103 of the odd and even fields,
and the multiplexed data are placed in a format proper
for the transmission line 109. In the local decoder 5,
the coded data 106 are locally decoded to obtain a field
composition decoded prediction error signal 111 which is
sent to the field separator 9. In the field separator
9, the lines of the field composition decoded prediction
error sighal 111 are alternately separated to obtain
separate respective decoded prediction error signals
107a for the odd field and the even field. In the adder
6, each decoded prediction error signal 107a is added to
the motion compensation predicting signal 104 of the
corresponding field to obtain a local decoded signal
108, which is sent to the frame memory and is stored
therein. _

In the coder 4, two-dimensional predicting coding is
performed using the correiation between the neighboring
pixels in the horizontal and vertical directions of the
motion compensation'prediction error signal 110. One
approach to coding that may be employed is an approach
which uses the discrete cosine transform (DCT). The DCT
approach is well-known to those skilled in the art. The

' DCT approach, as described in the Background of the
Invention, transforms a block of input of a given size
to produce an equal sized array of transform -
coefficients. Each composed block that is input to the
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nmotion vectors and selecting a notion conpensation predicting signal may
vary. In particular, the nethods may vary as to which franes of pixel data
are conpared with the current frame of the pixel data. Fig. 11 provides an
illustration of one approach to nDtifg_conpensation predi ction. The franes
of pixel data are labeled I, 11, 1IT*and 1V and correspond to tenporally
continuous fields wherein frane IV is the oldest frane. Fig. 11 assunes
that frane | and frame |1V have al ready been coded. In accordance with the
method illustrated in Fig. 11, the notion detection for frame Il is

per f or recPRE ochpMRdeEIeeR di Ker-dimens ionshrkransiggmation that

yields the transform coefficients. The DCT approach
converts the input components into frequency components.

The low frequency coefficients are quantitized more
finely (i.e., assigned a larger number of bits) because
they typically possess greater energy. Hence, less
distortion arises given the higher precision of the
encoding of these lower frequencies. In contrast, the
higher frequency coefficients are quantitized more
coarsely (i.e., assigned fewer bits) and possess less
energy. Fig. 5 provides an illustration of a 4 x 4
coefficient matrix that is the product of a DCT
approach.  The frequency of the coefficients is the
lowest in the uppéf left-hand corner of the matrix.
Hence, the coefficient designated as "A" has the lowest
frequency. The horizontal frequency of the coefficients
increases as one moves horizontaliy across the rows of
the matrix in the direction of arrow 23 in Fig. 5.
Likewise, the vertical frequency of the coefficients
increases as one moves down a column of the matrix in
the direction of arrow 25. Accordingly, coefficient "C*
has a greater horizontal frequency than coefficient "A",
but has a similar vertical frequency. On the other
hand, coefficient "B" has-a greater vertical frequency
than coefficient "A" but has a similar horizontal
frequency.

As was mentioned above, the lower frequency
components are assigned more bits than the higher
frequency components. Thus, coefficient "A" typically
has the greatest number of bits assigned to it. The
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:he pixel data in frame | and conparing the pixel data [err] frame Il with
the pixel data in frame |V. These conparisons are indicated in Fig. 11 by
arrows 73. The esults of the conmparison with the | ower power for both he
even and odd fields is selected. Hence, if the esults of the conparison
with frame | has | ower power han thejresults of the conparison with franme
IV, the esults of frame | are selected. Likewi se, a simlar et of
conparisons with frames | and IV are perforned ith franme Il (see arrow 75
in Fig. 11). The lower [err]results are sel ected.

cumulative frequency in the coefficient matrix then
increases in a zig-zag fashion. Specifically,
coefficients “B" and coefficients "C" are the next
highest frequency components and typically are assigned
the next highest number of bits relative to coefficient
"A". The number of bits assigned to the coefficients
continues to decrease until the highest frequency
component "D" is reached. Typically, coefficient "D" is
assigned zero bits. '

In the above discussion, the coder 4 (Fig. 2) is
described as performing the coding by DCT, which is kind
of orthogonal transformation. It is, however, also
possible to pefform the cpdihg-by utilizing other
well-known techniques such as differential pulse code
modulation (DPCM) or vector quantization. When vector
quantization is used, a codebook is used.

Fig. 6A shows a second embodiment of a motion
compensation predicting coding apparatus. This second
embodiment includes a motion detector 32, a frame memory
33, a subtracter 34, a coder 35, a local decoder 36, an
adder 37 and a multiplexer 38, like the corresponding
components in the first described embodiment of Fig. 2.
This second embodiment, however, differs from the first
embodiment in that it includes an adaptive composer 39,
an adaptive decomposer 40 and a memory 41. The
operations and functions of these additional components
will be described below.

In this second embodiment, an input image signal 300
is input to the motion detector 32 and the memory 41.
This input image signal 300 is already organized into
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-28- Fig. 12 shows a fifth enbodi nent of a notion conpensation predicting
codi ng apparatus, having a simlar construction to the fourth enbodi nent
shown in Fig. 10. This fifth enbodinent differs fromthe fourth enbodi nent
in that it enploys an orthogonal transformation coder 44 that is capabl e of
controlling a scanning order of coeilBersion factors rather than enploying
the coder 35 (Fig. 10) and the adaptive conposer 39 of the fourth

enbodi nent. In addition, this

blocks. In the motion detector 32, a motion vector 302
of the input image signal 300 is detected in the same
manner as the first embodiment described above. In the
motion detector 32, a motion vector 302 of the input
signal 200 is produced using the image signals 305 of
the preceding frame, which are read out of the frame
memory 33 in the same manner as described above for the
first embodiment. The resulting motion vector 302 is
fed to the frame memory 33 and to the MUX 38.

A motion compensation prediction signal 303 is read
out of the frame memory 33 as specified by the motion
vector 302 and is sent to the subtracter 34. The
subtracter 34 subtracts the motion compensation .
prediction signal 303 from the field composition frame
input signal 301 to output a field composition
prediction error signal 304 to the adaptive composer 39.

In this embodiment, in order to process both the odd
and even fields at the same time in the subtracter 34,
the input image signal 300 is stored in the memory 41.
When the motion vectors for the odd and even fields are
obtained in the motion detector 32, a determination is
made in the adaptive composer 39 using the motion vector
302 whether the coding is carried out in a field
composition mode or in a field independent mode. For
example, when the motion vectors of both the fields are
coincident with each other, both the fields are
composed.

The adaptive composer 39 divides the field
composition prediction error signal 304 into blocks on
the basis of the motion vector 302, as shown in Figs.
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fifth enbodi ment, enploys an orthogonal transformation decoder 45 (Fig. 12)
that is capable of controlling a scanning order of conversion factors for
carrying out an inverse processing of the orthogonal transformation coder
44. This decoder 45 is used in place of the decoder 36 (Fig. 10) and the
adaptive deconposer 40 of the fourfﬂ?énbodinent. The fifth enbodi ment
operates as follows. A notion vector 302 obtained in the notion detector 32
in the same manner as descri bed above. This notion vector 302 is fed to the

orthogonal transformation _coder 44 and to the orthogonal transformation
decoder 4B-7K.pr &8 Edg6n 7A-7C, "0" indicates a pixel of the odd

field, and "O" indicates a pixel of the even field.
Further, the shading indicates a difference in
illuminance. Fig. 7A shows a block of the prediction
error signal 304 in which field composition has been
properly carried out, that is, by alternately arranging
the pixels of the odd field and the pixels of the even
field on every line. Thus, the field composition frame
becomes a continuous image. By a continuous image, it
is meant that the boundary between the illuminated
pixels (grey pixels) and the dark pixels (black pixels)
is continuous. If the continuous image is obtained by
field composing the power concentration of the low
frequency component is effectively raised, especially
when orthogonal transformation coding is used by the
coder 4 (Fig. 6). As a result, the coding efficiency is
increased. Fig. 7B, in contrast, shows a block of the
prediction error signal 304 in which field composition.
has been performed but should not have. An instance
where such a prediction error signal would result is
when there is a great amount of motion in the image. In
particular, the object moves between scanning of the odd
field and scanning of the even field: As a result, the
field composition frame becomes an image having many
discontinuous parts (i.e., it does not have a continuous
boundary between grey and black pixels in Fig. 7B). The
. coded signal has a larger number of high frequency
components, and the coding efficiency is decreased.

' Hence, depending on the motion within the input
image signal, a determination is made whether to use
field composition or not. _
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error signal 304 is obtained in the subtracter 34 in the sane manner as
descri bed above. The prediction error signal 304 is also fed to the
ort hogonal transformation coder 44. The orthogonal transformation coder 44 .
perfornms orthogonal transformation coding. The conversion factor is scanned
within the block to perform quantiz&d9on, and the scanning order is
controlled by using the notion vector. This processing will now be
explained with reference to Figs. 13Ato 13C. This is the replacenent sheet
Fig. 7C shows an example where the above-described
adaptive method has been properiy applied. In Fig. 7C,
the field composition is performed for the region 51,
and no field composition is performed for the region
53. Sub-regions 5la and 51b include both even and odd
field pixels. In contrast, sub-region 53a includes only
odd field pixels, and sub-region 53b includes only even
field pixels. '
Fig. 6B provides a more detailed depiction of the
adaptive composer 39. This adaptive composer includes a
switch "e", a composer "c¢" and a discriminator “"a".
These components work together to control blocking in
response to the motion vector 302. For example, when
the motion vector is zero or * 1 in the even and odd
fields, discriminator "a” permits frame composition.
Otherwise, the discriminator does not permit frame
composition and sends a signal "b" to the switch "e".
The switch "e" is operated in response to signal "b"“.
Upon receiving the signal "b“, the switch "e" moves its.
contact to touch the leg "f", which bypasses the
composer “"c". When a signal "b" is not received by the
switch "e", the switch is positioned to contact the leg
leading to the composer "g¢".
To perform the frame composition, the composer "e"
provides a signal "d" by combining the motion
compensation prediction signals 304 of the even and odd
-fields as shown in Fig. 4C. Without frame composition,
the motion composition prediction signals are separately
oufput for the even and odd fields.
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-29- Fig 13A shows a power distribution of coefficients in a coefficient
matri x obtai ned by an orthogonal transformation, such as a DCT. The
darkness of the pixel in Fig. 13A indicates the power |evel of the pixel. A
dar k pi xel indicates a high power |evel and a |ight pixel indicates a | ow
power |evel. For the distribution shown in Fig. 13A it is apparent that
the | ower frequency conponents have-#irch greater power than the higher
frequency conponents. The arrows 205 indicate the normal scanning order of
t he coefficients. '
The adaptive composer 39 processes the signal 304
into blocks based on the motion vectors 302. When the
motion amounts of the odd and even fields are almost
equal, the correlation between the fields is high.
Therefore, as shown in Fig. 8A, the signals (10 - 40) of
the odd field (shown as darkened circles) and the
signals (1E-4E) of the even field are alternately
arranged on successive lines. However, when the motion
amounts in the odd fields and in the even fields differ,
the correlation between the even fields and the odd
fields is low. Thus, as shown in Fig. 8B, no field
composing is employed. As a result, the odd field
signals are arranged- in the upper part of the block, and
the even field signals are arranged in the lower part of
the block. .
In accordance with the above-~described adaptive
method, the adaptive composer 39 outputs a
blocking-controlled prediction error signal to the coder
35. The coder 35 performs DCT or the like on the
blocking-controlled prediction error signal so as to
quantize the signal. Prediction error coded data are
output to the decoder ‘36 and the MUX 38.
In the MUX 38, the prediction error coded data are
multiplexed with the motion vector 302 sent from the
motion detector 32, and the multiplexed data are sent
out to the transmission line.
" In'the decoder 36, the prediction error coded data
are decoded to obtain a decoded prediction error
signal. The decoded prediction error signal is sent to
the adaptive decomposer 40. In the adaptive decomposer
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As shown in Fig. 13B, in coefficients obtained by orthogonal transformation
of signals which have many transverse conponents frequency conponents .in
the vertical direction are large. In contrast, in an inage havi ng many

| ongi tudi nal conponents, the frequency conmponents in the horizontal
direction are large as shown in Fi g2213C. Wen it is determ ned by the
notion vector that the horizontal conponents are |arge, the high frequency
conponents are large, even in the error signal. Hence, as shown in Fig.

13C, the coding is carried out in order by scanning in the horizontal

di recti o#0(aslilndilogkedhlbye the same blocking structure. That

is, the decoder 36 determines on a block-by-block basis
what blocking method was employed to create the block by
examining the motion vector, and based on that
determination, the decoded prediction error signal is
made into a predetermined format by the adaptive
decomposer 40. '

Fig. 6C provides a more detailed depiction of the
adaptive decomposer 40. The adaptive decomposer
includes a discriminator "m", a switch "k" and a
separator "h". The adaptive decomposer 40 functions
inversely relative to the adaptive composer 39. (Fig.
6a). In particular, the adaptive decomposer 40
separates the fields of an input block which frames are
composed by the adaptive composer 39. A discriminator

- "m" functions in a fashion analogous to the previously
described discriminator "a" (shown in Fig. 6B). When
the motion vector 302 is zero in the odd and even
fields, the discriminator "m" permits field separation.
Otherwise, the discriminator "m" provides a signal "g"
that activates switch "k". When the switch is activated
by the signal "g", a connection is made to the separator
“h". The separator "h" outputs the signal "i" by
separating the frame combine restoration prediction
error signal "1" for the odd and even fields as shown in
Figs. 4A and 4B. If the discriminator does not generate
‘the signal "g", the fieldé are not separated and the
restoration prediction error signal "1" is output. 1In
this instance, the signal “1" has already been separated
for the even and odd fields.
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the arrows). On the other hand, when it is determ ned that the vertical
conponents are large, as shown in Fig. 13B, the coding is carried out in
order in the vertical direction as indicated by the arrows. Further, when
t he conponents are alnost equal in bpih the horizontal and verti cal
directions, as shown in Fig. 13A, thé .coding should take place in the

di agonal direction indicated by the arrows 205. Dependi ng on the '
transformation - 30- :

_ In the adder 37, the blocking-controlled prediction
error signal output from the adaptive decomposer 40 is
added with the field composition motion compensation
prediction signal 303 to obtain a decoded signal. The
decoded signal is sent to the frame memory 33 and stored
therein. 1In this illustrative embodiment, the
information concerning how the blocking structure is
determined is made to correspond with the motion vector
information, and hence the switching of blocking
approaches may be performed without requiring any
supplementary information.

In this embodiment, the motion vectors, which are
independently obtained for the odd and even fields, are
used for the adaptive blocking approach so that the
motion between the odd and even fields is more exactly
controlled.

In this embodiment, although the block size of 4
pixels x 4 lines is used in the coder 35, other block
sizes such as 8 pixels by 8 lines or the like may be
used.

Fig. 9 shows a third embodiment of a motion
compensation predicting coding apparatus in accordance
with the present invention. This third embodiment has
several components like the previously described second
embodiment. These like components are given like
reference numbers. The third embodiment differs from

~ the second embodiment in that this third embodiment
includes two types of motion detectors 32 and 43. The
-operation of these motion detectors 32 and 43 is
described below.
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met hods, the relationship between the notion and the scanning direction can
be opposite. By adjusting the scanning in this fashion, the fifth

enbodi ment encodes the signals nore efficiently. The orthogonal
transformati on coder 44 outputs codegd, data to the MJX 38 and the orthogonal
transformati on decoder 45. In the 38, the coded data are processed in

t he same manner as descri bed above for previous enbodi nents. In the

ort hogonal transformation decoder 45, an orthogonal transfornmation and
decodi ng of the coded data are carried out to gbtain a decoged @rediction
error signal .Theecthibedembod brentsoperateseas follows. An inpu

image signal 300, which is organized into blocks of even
field pixels and blocks of odd field pixels, is fed to
the first motion detector 43 and the memory 41. The
input image signal 300 is stored in the memory 41. The
input image signal 300 is also sent to the first motion
detector 43. The previously received image signal 301
is read out of the memory 41 and sent to the first and
second motion detectors 32 and 43. The image signal 301
is also sent to the subtracter 34. The first motion
detector 43 calculates a motion vector 306 between the
odd and even fields of the input image signal 300 and
the image signal 301 in the same manner as described
above for the previous embodiments. The motion vector
306 is then sent to the MUX 38, the adaptive composer
39, and the adaptive decomposer 40. The second motion
detector 32 calculates a motion vector 302 indicating
the motion between the odd field of image signal 301 and
an odd field of a neighboring block read out of frame
memory 33 and indicating the motion between the even
field of image signal 301 and an even field of a
neighboring block read out of frame memory 33. Although
the first and second motion detectors are independently
provided in this embodiment, one motion detector can be
used at a time, being shared for the two purposes.

In this embodiment, motion vector 306 determines
whether the coding is carried out in a field composition
mode (i.e., the fields are composed) or in a field
independent mode (i.e., the fields remain separate).
For'example, when the motion vector 306 between the even
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scanning order that was followed in the coding. The obtai ned decoded
prediction error signal is fed to the adder 37. The other parts are
processed in the same manner as described above. Preferably, this

enbodi ment is practiced in conbination with the previously described
enbodi nents. That is, since the dist-e®fce between the lines is different in
the field conposed bl ock and the independent (not field conposed) bl ock,
the power distribution in the vertical direction is different. Hence, the
scanni ng control based on the difference of the power distribution nmay be

perforned,aiththd®d fields is zero, field composition mode is
chosen, and the fields are composed. On the other hand,
if there is a substantial disparity between motion of"
the even fields and motion of the odd fields, field
independent mode is chosen. The selection of the modes
is realized by passing the motion vector 306 to the
adaptive composer 306. o

The subtracter 34 subtracts the motion compensation
prediction signal 303, which is read out of the frame
memory 33, from the imége signal 301 which is read out
of the memory 41 to obtain a prediction error signal
304. The prediction error signal 304 is fed to the
adaptive'composer 39. The adaptive composer 39 controls
the blocking of the prediction error signal 304 on the
basis of the motion vector 306 in the same manner as
described for the second embodiment. The other
illustrated components are operated in the same manner
as the second embodiment described above.

Although the motion vectors that are independently
obtained for the odd and even fields are used for the
blocking switching in the second embodiment, in the
third embodiment the motion vector obtained between the
0odd and even fields is used to control the adaptive
blocking. In this embodiment, the motion wvectors
between the odd fields and between the even fields in
the first motion detector 43 are compared with each

_other. Hence, the motion between the two fields is
éxactly known, and suitable blocking control is

performed.
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result, effective quantization processing nmay be carried out. In this
enbodi nent, since the notion vector includes the control information, no
suppl ementary information is required. Fig. 14 shows an enbodi mnent' of a
receiving side for the above-descri bed enbodi nents of the notion
conpensati on predicting coding apparatus. The receiving side includes a
data separator 46 for separating th&-nultiplexed coded data that is output
fromthe

Fig. 10 shows a fourth embodiment of a motion
compensation predicting coding apparatus according to
the present invention. In this embodiment, the motion
compensation predicting coding apparatus comprises a
field composer 31, a motion detector 32, a frame memory
33, a subtracter 34, a coder 35, a decoder 36, an adder
37, a MUX 38, an adaptive composer 39 and an adaptive
decomposer 40.

The foufth embodiment operates as follows. In this
embodiment, motion compensation is carried out from a
frame input signal in which two filelds are being
composed (i.e., the frame. input signal is compared with
the frame image data stored in frame'memofy 33).
Specifically, an input image signal 300 that has been
obtained by an interlaced scanning is composed into one
frame in the field composer 31. The field composing
performed by field composer 31 is realized in the manner
shown in Figs. 4A - 4C. That is, when the input image
signals of the odd and even fields are as shown in Figs.
4A and 4B, respectively, the lines of these two fields
are alternately combined to obtain a field composition
fréme input signal 301 as shown in Fig, 4C. The
obtained field composition frame input signal 301 is
sent to the motion detector 32 and the subtracter 34.

In the above discussion, the coder is described as
performing the coding by DCT, which is kind of
orthogonal transformation. It is, however, also
possible to'perfotm the coding by utilizing other
well-known techniques such as differential pulse code
modulation (DPCM) or vector quantization. When vector
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transm tter side, an orthogonal transformation decoder 47, a bl ocking
controller 48, a frame nenory 49 and an adder 50. The latter four .
conponents performthe inverse operation to the correspondi ng conponents in
the transmtter side which have been descri bed above. The receiving side
shown in Fig. 14 operates as follows:. Coded data 401 that has been out put
fromthe MUX 38 of the notion comRgnsation predicting coding apparatus are
i nput to the data separator 46. The data separator 46 separates the coded
data 401 and outputs first data 407 or factor data that concerns an
ort hogonal transformation, a notion vector 402, that is

quantization is used, two types of codebooks are used

(i.e., one codebook for the field blocking and the other
codebook for frame blocking) so that the desired
codebook will be selected according to either the field
or frame blocking done by the blocking controller to
further improve coding efficiency.

In above embodiments, the methods of determining the
motion vectors and selecting a motion compensation
predicting signal may vary. In particular, the methods
may vary as to which frames of pixel data are compared
with the current frame of the pixel data. Fig. 11
provides an illustration of one approach to motion
compensation prediction. -The frames of pixel data are
labeled I, II, III and IV and correspond to temporally
zontinuous fields wherein frame IV is the oldest frame.
fig. 11 assumes that frame I and frame IV have already
>een coded. In accordance with the method illustrated
tn Fig. 11, the motion detection for frame II is
>erformed by comparing the pixel data in frame II with
:he pixel data in frame I and comparing the pixel data
.n frame II with the pixel data in frame IV. These
omparisons are indicated in Fig. 11 by arrows 73. The
esults of the comparison with the lower power for both
he even and odd fields is selected. Hence, if the
esults of the comparison with frame I has lower power
han the results of the comparison with frame IV, the
esults of frame I are selected. Likewise, a similar
et of pompariéons with frames I and IV are performed
ith frame III (see arrow 75 in Fig. 11). The lower
ower results are selected.
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sent to the frame nmenory 49, second data 408 that represents a factor
scanning order and third data 409 that exhibits a block structure of a
prediction error signal. The decoder 47 receives the first and second data
407 and 408 and carries out an inverse orthogonal transformation for every
bl ock unit to decode the prediction gf8or signal. At this time, the decoder
47 determ nes the scanning order of the transformation factors within the.
bl ock on the basis of the second data 408. The bl ocking controller 48
receives the third data 409 fromthe data separator 46 and a decoded

predi ction errBigsi gRashbwennat Aéftbcenbodidmenthefbhombitagn

compensation predicting coding apparatus, having a
similar construction to the fourth embodiment shown in
Fig. 10. This fifth embodiment differs from the fourth
embodiment in that it employs an orthogonal
transformation coder 44 that is capable of controlling a
scanning order of conversion factors rather than
employing the coder 35 (Fig. 10) and the adaptive
composer 39 of the fourth embodiment. In addition, this
fifth embodiment, employs an orthogonal transformation
decoder 45 (Fig. 12) that is capable of controlling a
scanning order of conversion factors for carrying out an
inve:se'processing'of the orthogonal transformation
coder 44. This decoder 45 is used in'plaée of the
decoder 36 (Fig. 10) and the adaptive decomposer 40 of
the fourth embodiment.

The fifth embodiment operates as follows. A motion
vector 302 obtained in the motion detector 32 in the
same manner as described above. This motion vector 302
is fed to the orthogonal transformation coder 44 and to
the orthogonal transformation decoder 45. A prediction
error signal 304 is obtained in the subtracter 34 in the
same manner as described above. The prediction error
signal 304 is also fed to the orthogonal transformation
coder 44. The orthogonal transformation coder 44
performs otrthogonal transformation coding. The

- conversion factor is scanned within the block to perform
quantization, and the scanning order is controlled by
using the motion vector. This processing will now be
explained with reference to Figs. 13A to 13C.
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controller 48 determ nes whether the decoded prediction error signal is a
field conposed block or a field independent block on the basis of the third
data 409. -32- The block structure is unified by the bl ocking controller
48 to output a blocking-controlled peediction error signal 410 to the adder
50. The adder 50 adds a notion conpensation prediction signal 411, that has
been read out of the frame nenory 49 at an address specified

Fig 13A shows a power distribution of coefficients
in a coefficient matrix obtained by an orthogonal
transformation, such as a DCT. The darkness of the ~
pixel in Fig. 13A indicates the power level of the
pixel. A dark pixel indicates a high power level and a
light pixel indicates a low power level. For the
distribution shown in Fig. 13A, it is apparent that the
.lower frequency components have much greater power than-
the higher frequency components. The arrows 205
indicate the normal scanning order of the coefficients.

As shown in Fig. 13B, in coefficients obtained by
orthogonal transformation of signals which have many
transverse components frequency components in the
vertical direction are large. In contrast, in an image
having many longitudinal components, the frequency
components in the horizontal direction are large as
shown in Fig. 13C.

When it is determined by the motion vector that the
horizontal components are large, the high frequency
components are large, even in the error signal. Hence,
as shown in Fig. 13C, the coding is carried out in order
by scanning in the horizontal direction (as indicated by
the . arrows). On the other hand, when it is determined
that the vertical components are large, as shown in Fig.
13B, the coding is carried out in order in the vertical
direction as indicated by the arrows. Further, when the

_components are almost equal in both the horizontal and
vertical directions, as shown in Fig. 133, the coding
should take place in the diagonal.direction indicated by
the arrows 205. Depehding on the transformation
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by the notion vector 402, to the bl ocking-controlled prediction error

signal 410 and obtains a decoded signal 412. The decoded s

I gnal 412 is sent

to the frane menory 49 and is stored therein. In this enbodi ment, both the

second data 408 representing the factor scanning order and

the third data

409 representing the block structure-3j-the prediction error signal may be

repl aced with the notion vector 402. Al though the present
been described in its preferred enbodi nents with reference
acconpanying drawings, it is readily understood that the

methods, the relationship between the motion and

i nventi on has
to the

the

scanning diréction can be opposite. By adjusting the.
scanning in this fashion, the fifth embodiment encodes

the signals more efficiently.

The orthogonal transformation coder 44 outputs coded
data to the MUX 38 and the orthogonal transformation
decoder 45. In the MUX 38, the coded data are processed
in the same manner as described above for previous '
embodiments. In the orthogonal transformation decoder

45, an orthogonal transformation and decoding of
coded data are carried out to obtain a decoded

the

prediction error signal. The decoding follows the same

scanning order that was Lollowed in the coding.

The

obtained decoded prediction error s1gna1 is fed to the
adder 37. The other parts are processed in the same

manner as described above.
Preferably, this embodiment is practiced in

combination with the previously described embodiments.

That is, since the distance between the lines is
different in the field composed block and the

independent (not field composed) block, the power
distribution in the vertical direction is different.
Hence, the scanning control based on the difference of

the power distribution may be performed, and as

a

result, effective quantization processing may be carried
out. In this embodiment, since the motion vector
- includes the control information, no supplementary

information is required.

' Fig. 14 'shows an embodiment of a receiving 51de for

the above-described embodiments of the motion
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present invention is not restricted to the preferred enbodi ments and that

various changes and nodifications can be nade by those skilled in the art.

wi t hout departing fromthe spirit and scope of the present invention. W

claim -33- CLAIMS 1. A notion conpensation predicting codi ng apparat us
~31- '

compensation predicting coding apparatus. The receiving
side includes a data separator 46 for separating the
multiplexed coded data that is output from the
transmitter side, an orthogonal transformation decoder
47, a blocking controller 48, a frame memory 49 and an
adder 50. The latter four components perform the
inverse operation to the corresponding components in the
transmitter side which have been described above.

The receiving side shown in Fig. 14 operates as
follows. Coded data 401 that has been output from the
MUX 38 of the motion compensation predicting coding
apparatus are input to the data separator 46. The data
separator 46 separates the coded data 401 and outputs
first data 407 or factor data that concerns aﬁ
orthogonal transformation, a motion vector 402, that is
sent to the frame memory 49, second data 408 that
represents a factor scanning order and third data 409
that exhibits a block structure of a prediction error
signal. The decoder 47 receives the first and second
data 407 and 408 and carries out an inverse orthogonal
transformation for every block unit to decode the |
prediction error sigmal. At this time, the decoder 47
determines the scanning order of the transformation
factors within the block on the basis of the second data
408. The blocking controller 48 receives the third data
409 from the data separator 46 and a decoded prediction

- error signal from the decoder 47. The blocking
controller 48 determines whether the decoded prediction
error signal is a field composed block or a field
independent block on the basis of the third data 409.
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for processing input inmage signals that encode pixel data for pixels of an
I mge, each input imge signal encoding pixel data for a particular field
inafirst block of pixels in the image and coding the input inmage signals,
conprising: a notion detector for conparing each input inage signal with a
previously coded frane i nmage signal _gg.detect a notion vector fromthe
conpared signals; producing neans for obtaining a notion conpensation
prediction signal of a signal of a second block in the previously coded
frame image signal which is nost simlar to the first block, on the basis

of the nn&hgnblock structure is unified by the blocking
controllér 48 to output'a blocking~controlled prediction
error signal 410 to the adder 50. The adder 50 adds a
motion compensation prediction signal 411, that has been
read out of the frame memory 49 at an address specified
by the motion vector 402, to the blocking-controlled
prediction error signal 410 and obtains a decoded signal
412. The decoded signal 412 is sent to the frame memory
49 and is stored therein.

In this embodiment, both the second data 408
representing the factor scanning order and the third
data 409 representing the block structure of the
prediction error sigﬁal may be replaced with the motion
vector 402. S

Although the present invention has been described in
its preferred embodiments with reference to the
accompanying drawings, it is readily understood that the
present invention is not restricted-to the preferred
embodiments and that various changes and modifications
can be made by those skilled in the art without
departing from the spirit and scope of the present
invention.
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vector; a subtracter for obtaining an error signal between the first bl ock

and the notion conpensation prediction signal; and a conposer for. conposing
the error signal to obtain a franme error SignaLOfE/EQQEL’+OT/EBE%hg t he
frame error signal on the basis of correlation , Within

adj acen ]
the frane error signal to obtain a coifed error T &NN“\ arat us of
claim1, wherein the notion detector conpares p| k& fields of

the first block and the second bl ock to obtain a nDtlon vector for
CLAIMS

1. A motion compensation predicting coding apparatus
for processing.input image signals that encode pixel-
data for pixels of an image, each input image signal
encoding pixel data for a particular field in a first
block of pixels in the image and coding the input image
signals, comprising:

a motion detector for comparing each input image
signal with a previously coded frame image signal to
detect a motion vector from the compared signals;

producing means for obtaining a motion compensation
prediction signal of a signal of a second block in the

previously coded frame image signal which is most
similar to the first block, on the basis of the motion
vector;

a subtracter for obtaining an error signal between
the first block and the motion compensation prediction
signal; and _

a composer for composing the error signal to obtain
"a frame error signal;

a coder -for coding the frame error signal on the
basis of correlation of adjacent pixels within the frame
error signal to obtain a coded error signal.

2, The apparatus of claim 1, wherein the motion
detector compares pixel data in like fields of the first
. block and the second block to obtain a motion vector for
each field, and the producing means obtains the motion
prediction-signal of each field on the basis of the
motion vector corresponding to each field.
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each field, and the producing neans obtains the notion prediction signal
of each field on the basis of the notion vector corresponding to each
field. 3. The apparatus of claim 2, wherei.n the produci ng means obtains
the notion conpensation prediction signal by reading p

a
nmenory storing the previously coded f%gne | mage signals st
of claim3, further conprising: a de er for decodi ng thl %ﬁiﬂa“mﬁm
c L n s ¥

error signa

3. The apparatus of claim 2, wherein the producing
means obtains the motion compensation prediction signal
by reading pixel data out of a memory storing -the
previously coded frame image signals.

4. The apparatus of claim 3, further comprising:

a decoder for decoding the coded frame error signal
output by the coding means to obtain a decoded signal;

a separator for separating the decoded signal into
signals for the respective fields; and

an adder for adding the decoded and separated
signals to the motion compensation prediction signal to
reproduce the input image signal.

5. A motion compensation predicting coding apparatus
for processing an input image signal, including blocks
of a plurality of pixels, and coding the input image
signal in consideration of motion within an image, the
input image signal being obtained by an interlaced
scanning for every field and belng composed of pixel
data, comprising:

a motion detector for comparing a first block of the
input image signal to be coded with a second block in a
previously coded frame image signal to detect a motion
vector from the first and second blocks:

producing means for obtaining a motion compensation

: predlctlon 51gna1 of the second block from the coded
frame 1mage s1gnals on the basis of the motion vector.

a subtracter means for obtalnlng an error signal
between the first block and the second block;

This is the replacement sheet

SN P SEP 1996



out put by the coding neans to obtain a decoded signal; a separator for

separating the decoded signal into signals for the respective fields; and
an adder for adding the decoded and separated signals tﬁi '"H ﬂ

conpensation prediction signal to reproduce the input u Hﬂ Nﬂ "HI"“"
noti on conpensation predicting coding apparatus for proce§5| g an " nput *
I mge signal, including blocks of a plurality of pixels, and coding the

i nput i nage signal in consideration of notion within an imge; the input

‘image signal being obtained by an interlaced scanning for every field and
bei ng conposed@®?Phi%e|blocking means for blocking the error

signal by either a first method of alternately arranging
odd and even field signals every other line or a second
method of indepéndently arranging the odd and even field
51gnals for each field; and

a coder for coding the s1gnals of each block of the
error signal obtained by the adaptive blocking means on
the basis of correlation of adjacent pixels w1th1n the
block.

6. The apparatus of claim 5, wherein the motion
detector compares pixel data in like fields of the first
block and the -previously coded frame image signal to
obtain a motion vector for each field, and the'producing
means obtains the motion compensation prediction signal
of each field on the basis of the motion vector
corresponding to each field.

7. The apparatus of claim 6, wherein the producing
means obtains the motion compensation prediction signal
by reading pixel data out of a memory storing the
previously coded frame image signals.

8. The apparatus of claim 7, further comprising:

a decoder means for decoding the coded error signal
output by the coding means to obtain a decoded signal;

a separator for separating the decoded signal into

" signals for the respective fields; and-

an adder means for adding the decoded and separated
signals and the motion predictidﬁ signal to reproduce
the input image signal. |
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dat a,
I nput

si gnal

| mage signha
frame i mage signa
bl ocks;

conprising: a notion detector for conparing a first block of the
to be coded with a second block in a previously coded
to detect a notion vector fromthe—f++st—and second

produci ng nmeans for obtaining a notion c L on redlctlon
of the second block fromthe3geoded frane’i Wmﬂﬂﬁ UHI t he basis

of the notion vector; a subtracter neans for obt
bet ween the first block and the second bl ock;

9. The apparatus of claim 8, further comprising a _
memory for storing at least one field of the input image
signal, and

a second motion detector, wherein the second motlon
detector detects a motion vector between the like fields
of the input image signal and an image signal of a
preceding input image signal read out of the memory, and
the adaptive blocking means changes the selected method
according to the motion vector between the like fields.

10. The apparatus of claim 8, further comprising:

a decoder for decoding the coded signal to obtain a
decoded signal; and

rearranging means for either rearranging the decoded

signal by using the selected one of the first and second

methods in the blocking means or a predetermined
arrangement without using the first or second methods in
the blocking means to obtain a rearranged signal, and

an adder for adding the rearranged signal and the
motion compensation prediction signal,

wherein the image signal with respect to the coded
block is reproduced according to the rearranged signal
and the reproduced image signal is fed to the producing
means.

11. A motion compensation predicting coding apparatus
for processing input image signals that encode pixel
data for pixels of an image, each input image signal
encoding pixel data for a particular field in a first
block of pixels in the image and coding the input image
signal, comprising:
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adaptive bl ocking nmeans for blocking the error signal

by either _a first

net hod of alternately arrangi ng odd and even fi el every other line
or a second nethod of independently arranging the odd a eId
signals for each field; and a coder for coding t h bl ock of
the error signal obtai ned by the adapgive bl ockin e *basi s of
correlation of adjacent pixels within the bl ock. 6 he apparatus of claim

5, wherein the notion detector conpares pixe

first

a composer for composing the input image signals to
obtain a frame image signal;-

a motion detector for comparing each input 1mage
signal with a previously coded frame image signal to
detect a motion vector from the similarity of the
compared signals;

producing means for obtaining a motion compensation
prediction signal of a signal of a second block in the
previously coded frame image signal which is most
similar to the first block, on the basis of the motion
vector;

a subtracter for obtaining an error signal between
the flrst block and the motion compensatlon prediction
signal; '

blocking means for blocking the error signal; and

a coder for coding the signals of each block of the
error signal on the basis of correlation of adjacent
pixels within the block.

12. The apparatus of claim 11, wherein the producing
means obtains the motion compensation prediction signal
by reading corresponding pixel data out of a memory
storing the coded frame image signal.

13. The apparatus of claim 11, wherein the blocking
means selects whether to block the error signal in a

- field composition mode having alternating fields or in a

field independent mode having a single field based on
the magnitude of the motion vector.

data in like fields of the



bl ock and the previously coded frane i nage signal to obtain a notion vector
for each field, and the produci ng neans obtai ns the notion conpensation
predi ction signal of each field on the basis of the np
corresponding to each field. '7.- The apparatus of cl al ' he
produci ng neans obtains the notion conpensation pred”n’ MM@MUEM
readi ng pi xel data out of a nmenory sB8~ ng the previously A "1 mage
signals. 8. The apparatus of claim?7, further conprising: a decoder neans,
for decoding the coded error signal output by the coding neans to obtain a
decoded si gnal

14. The apparatus of claims 13, further comprising:

a decoder for decoding the coded error signal to
obtain a decoded signal; and
re-arranging means for re-arranging the decoded

signal; and

an adder for adding the re-arranged signal and the
motion compensation prediction signal,

wherein the image signal is decoded and stored in
the memory as a coded image signal.

15. A motion compensation predicting coding apparatus
for encoding p1xe1 data of an image signal, whereln said
image signal includes pixel data organlzed into an even
field and an odd field for a portion of an image, said
apparatus comprising:

a) a motion detector for comparing the pixel data in
the image signal with pixel data of a previous image
signal to generate a motion vector indicative of
displacement differences between the image signal and
the previous image signal;

b) a subtracter for generating a prediction
compensation error signal by subtracting the pixel data
in the previous image signal from the pixel data of the
image signal; ,

c) an adaptive blocking mechanism for receiving the
prediction compensation error signal and organizing data
‘in the prediction compensation error signal into blocks
in one of several fashions as dictated by the motion
vector to generate a blocked output; and

d) a coder for receiving and encoding the blocked
output from the adaptive blocking mechanism.
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a separator for separating the decoded signal into signals for the
respective fields; and * an adder neans for adding the_decoded and .
separated signals and the notion prediction signal to reproduce the input

I mage signal .. 9. The apparatus of claim8, further m“ﬂl] ' ry
for storing at |east one field of th_(r?)'_nput I mage Si gnu “ ml‘ﬂuﬂclﬂmm
noti on detector, wherein the second i on * €L M5 =

16. A motion compensation predicting coding apparatus
for encoding pixel data of a first image signal and a
second image signal, wherein the first image signal
encodes pixel data in an odd field of a portion of an
image and the second image signal encodes pixel data in
an even field of the portion of the image, said '
apparatus comprising:

a) a field composer for composing the pixel data in
the first signal for the odd field with the pixel data
in the second signal for the even field to produce a
composed image signal having pixel data for both fields:

b) a motion detector for comparing the pixel data in

" previous image signals tq?generate a motion vector
indicative of displacement differences between the
pixels of the first and second image signals relative to
the previous image signals;

c) a subtracter for generating a prediction error
signal by subtracting the pixel data in the previous
image signals that are used to generate the motion
vector from pixel data in the composed image signal; and

d) a coder for receiving and encoding the prediction
error signal from the subtracter.

17. A motion compensation predicting coding apparatus
for encoding pixel data of a first image signal and a
second image signal, wherein the first image signal

- encodes pixel data in an odd field of a portion of an
image and the second image signal encodes pixel data in
an even field of the portion of the image, said
apparatus comprising: '
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detector detects a notion vector between the like fields of the input inmage
signal and an inmage signal of a preceding input inage signal read out of
the memory, and the adaptive bl ocking means changes the sel ected method
according to the notion vector between the like fields. 10. The apfaratus

of claim8, further conprising: a decoggr for decodummmuuﬂﬂur@ Rnal to
obtain a decoded signal; and rearranging neans for g the
decoded signal by using the selected one of the first and 'sedond met hods in
the bl ocking means or a predeternined arrangenent w thout using the first
or second nethggf d Field composer for composing the pixel data in
the first signal for the odd field with the pixel data
in the second signal for the even field to produce a
composed image signal having pixel data for both fields;
" b) a motion detector for comparing the pixel data in
previous image signals to generate a motion vector
indicative of displacement differences between the first
and second images relative to the previous image signals;
c) a subtracter for generating a prediction error
signal by subtracting the pixel data in the previous
image signals that are used to generate the motion
vector from pixel data in the composed image signal; and
d) a coder for receiving and encoding the prediction
error signal from the subtracter, said coder including
i) a transformation means for performing an
orthogonal transformation on the prediction error
signal to produce a coefficient matrix; and
ii) a quantizer for quantizing coefficients
from the coefficient matrix; and
iii) a scanning controller for controlling what
order the coefficients are scanned from the
coefficient matrix and passed to the quantizer,
based on the motion vector. ! ‘

18. In a motion compensation predicting coding
apparatus, a method of encoding pixel data for a portion

" of a current image, wherein said pixel data includes
data from an even field and data from an odd field, said
method comprising the steps of:
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i :
t he bl ocking neans to obtain a rearranged signal, anﬁdigpiggEL’LgL’add+ﬂ
the rearranged signal and the notion conpensation pre S|gnal
wherein the inage signal with respect to the coded bIock “HE
according to the rearranged signal and the reproduced ﬁ d
to the producing neans. 11. A nDt|0n4donpensat|on pred| g @odPng
apparatus for processing input inmage signals that encode pixel data for

pi xel s of an i nmage, each input imge signal encoding pixel data for a

particular field in a first block of pixels in the inmage and coding the
i nput image a) receiving pixel data for the current image;

b) detecting motion between the pixel data of the
current image and pixel data of a'previous image and
generating a motion vector indicative of the motion;

c) subtracting the pixel data of the previous image
from the pixel data of the current image to generate a
prediction error signal;

c) encoding the prediction error signal using a
coder.

This Sheet Has Been Re

HIIIIM I llll 1

This is the replacement sheet

Date: 82 SEP jog5 -



signal, conprising: - -37- a conposer for conposing the input inmage

signals to obtain a frane image signal; a notion detector for conparing

each i nput

i mage signal with a previously coded frane i nage signa

detect a notion vector fromthe sinmlarity of the conpared S|gnals

produci ng

nmeans for obtaining a nDtlogzconpensatlon

ABSTRACT OF THE DISCLOSURE

MOTION COMPENSATION PREDICTING CODING
METHOD AND APPARATUS

A motion compensation predicting coding apparatus
includes a motion detector for comparing pixel data in
an image signal with pixel data of the previous image
signal to generate a motion vector. The motion vector
is indicative of the displacement differences between
the image signal and the previous image signal. The
image signal may be organized into blocks of pixel data
for a single field or for multiple fields when motion
detection is performed on the image signal by the motion
detector. A subtracter generates .a prediction
compensation error signal by subtracting the pixel data
in the previous image signal from the pixel data of the
image signal. A coder receives the prediction
compensation error signal and generates an appropriate
coded output. The apparatus may also include an
adaptive blocking mechanism for receiving the prediction
compensation error signal and organizing the data in the
s1gna1 into blocks into one of several fashions as
dictated by the motion vector.
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prediction signal of a signal of a second block in the previously coded
frame image signal which is nost simlar to the first block, on the basis
of the notion vector; a subtracter for.obtaining an error signal between
the first block and the notion conpensation prediction signal; blocking
means for blocking the error signal; and a coder for coding the signals of
each bl ock of the error signal on the basis of correlation of adjacent

pi xel' s within the block. 12. The appajatus of claim 11, wherein the
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means obtains the notion conpensation predictjon signal by reading
correspondi ng pi xel data out of a nmenory storing the coded franme i mage .
signal. 13. The apparatus of claim 11, wherein the bl ocking neans sel ects
whet her to block the error signal ina field conposition node having
alternating fields or in a field i ndgfendent node having a single field
based on the nmagnitude of the notion vector. - 38-
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14. The apparatus of clainms 13,
the coded error signal
for

to obtain a

re-arrangi ng the decoded signal;

decaded signal ;
and an adder for adding the

re-arranged signal

and the notion corrpeﬁsat i on prediction signal,

further conprising: a decoder for decoding
and re-arrangi ng neans

wher ei n

t he i mage signal

i s decoded and stored #h

the nenory as a coded i nage

si gnal .
pi xel data of an inage signal,
data organi zed into an even

¢~|'§

:'\

15. A notion conpensation predicting coding apparatus for encoding

wherein said i mage si gnal
g s 412 g
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field and an odd field for a portion of an-image, said apparatus
conprising: a) a notion detector for conparing the pixel data in the inage
signal with pixel data of a previous inage signal to generate a notion
vector indicative of displacenment diffyerences between the inmge signal and
the previous image signal; b) a subtr er for generating a prediction
conpensation error signal by subtracting the pixel data in the previous

i mage signal fromthe pixel data of the inmage signal; c) an adaptive

bl ocki ng nechani sm for receiving the '
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predi ction conpensation error signal and organjzing data in the prediction
conpensation error signal into blocks in one of several fashions as
dictated by the notion vector to generate a bl ocked output; and d) a coder
for receiving and encodi ng the bl ocked output fromthe adaptive bl ocking
mechani sm 16. A notion conpensati.on edi cting codi ng apparatus for
encodi ng pixel data of a first imge si | and a second i mage signal,
wherein the first inage signa
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encodes pixel data in an odd field of .a porti‘on..of an i mage and the second
I mge signal encodes pixel data in an even field of the portion of the

i mage, said apparatus conprising: a) a field conposer for conposing the

pi xel data in the first signal for the ogd field with the pixel data in-the
second signal for the even field to prodyge a conposed i mage signal having
pi xel data for both fields; b) a notion detector for conparing the pixel
data in previous inmage signals to generate a notion vector indicative of

di spl acenent differences between the pixels of the first and second i nage
signals relative tgg
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the previous image signals; c) a subtracter for generating a prediction
error signal by subtracting the pixel.-data in the previous inmage signals
that are used to generate the notion vector. frompixel data in the conposed
i mage signal; and d) a coder for receiVHpg and encodi ng the prediction
error signal fromthe subtracter. 17. tion conpensation predicting
codi ng apparatus for encoding pi xel data of a first inmage signal and a
second i mage signal, wherein the first inage signal encodes pixel data in
an odd field of a portion of an inmage and the second i nage signal encodes
pi xel data in
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an even field of the portion of the inmage, said apparatus conprising:

-40- a) a field conposer for conposing «hé+pixel data in the first signa
for the odd field with the pixel data_i-n the Second signal for the even
field to produce a conposed i mage sighgl havi ng pi xel data for both fields;
b) a notion detector for conparing-Lhapixel data in previous inmage signals
to generate a notion vector
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—

i ndi cative of displacenent differences between the first and second i nmages
relative to the previous image signals; c) a subtracter for generating a
prediction error signal by subtracting the pixel data in the previous inmge
signals that are used to generate the notion vettor frompixel data in the
conposed inmage signal; and d) a coder fg@r receiving and encoding the
prediction error signal fromthe subtragfer, said coder including i) a
transformati on neans for perform ng an orthogonal transformation on the
predi ction error signal to produce a coefficient matrix; and ii) a
quanti zer for quantizing coefficients
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fromthe coefficient matrix; and iii) a scanning.controller for controlling
what order the coefficients are scanned fromthe coefficient matrix and
passed to the quantizer, based on thé notion vector. 18. In a notion
conpensati on predicting coding apparatus, a nmethod of encodi ng pi xel data
for a portion of a current inmage, whefein said pixel data includes data
froman even field and data froman 5804 field, said nmethod conprising the
steps of: _ ' _ e

——————

10LNE QO 00O000O
1ELINE OO OO0 OO00O0O
20LNE 0 0000000
2eLINE OO OO0 0O00O
3IOLNE 00000000
3ELINE OO O0OO0000
4WOLNE 0 0000000
4aeLiNE OO O O0O0O0O00O

Fig.8'A

1OLNE 0 000000 O
20LNE 0 0000000
IOLNE 9 0000000
4OLNE 0 0000000
1ELINE OO OO O0O0O0O
2ELINE OO OOQ0O000O
3eLINE OO QOO0 0O0O
4ELINE OO OO O00O0O

Fig.8B

This is the replacement sheet

0 2 SEP 19%

Date:



41 a) receiving pixel data for the current inmage; b) detecting notion
between the pixel data of the current image ang pixel data of a previous

i mage and generating a notion vector indicative of the notion; c)
subtracting the pixel data of the previous image fromthe pixel data of the
current inmage to generate a predictiqn dkror signal; d) encoding the
prediction error signal using a coder. #3. A nption conpensation predicting
decodi ng apparatus for receiving multiplexed coded data, the )
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apparatus conprising: a separator for separating the nmultiplexed coded data
into a plurality of data blocks including a-plurality of transfornation
factors and a factor scanni ng order code coltéctively defining a block
prediction error signal, and a block structure code and notion vector
associated wth the block prediction error signal; a decoder for decoding
the prediction error fromthe pluraldty of transformation factors based on
a scanni ng order “defined by the fadfr scanning order; a bl ocking
controller for determning a block type
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of each decoded bl ock prediction error. signal based on the block structure
code; a nenory of storing an inmage signal, Ahe inmage signal being read out
therefromshifted by the notion vector to-f.orma notion conpensated
prediction signal; and 42 an adder fﬁg addi ng the decoded :
bl ock-control | ed bl ock prediction errogagignals to the notion conpensat ed
predi ction signal to produce a decoded”i nage signal
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20. A notion conpensation predicting decoding apparatus'fOKL?eceTViﬂgﬂéﬁJﬁ“'
decodi ng nul ti pl exed coded data, the apparatus conprising: a separator for
separating the nultiplexed coded data +#Hto-a plurality of coded daks:hi-ocks. -
and associ at ed encodi ng i nf or mati on, said - encoding information
including a factor scanning order dgfining the order of transformfactors
within the coded data bl ock, a blogggstructure code identifying whet her

each block is a field conposed or a field i ndependent bl ock and a notion
vect or associated with the block prediction error within the encoded data
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a decoder, responsive to said separator, for decoding each of the plurality
. of encoded data bl ocks based on the scanni ng oi'der defined by the factor
scanni ng order to produce predictively coded i mage i nformation; a bl ocking
controller, receiving the output of the d%?oder for deternlnlng a bl ock
type of each decoded bl ock of predlctlvely coded _i mage i nformati on and
assenbling the decoded bl ocks in dependence on whet her the bl ocks are field
conposed or field independent based on the bl ock structure code;
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43 a menory of storing an inmage signal; and an adder, receiving the output
of the blocking controller and the menory, for adding the predictively -
encoded i mage information to associ at edggertions of the imge signal stored
in said nenory. 21. The apparatus of cl&jn 20 wherein said encoded data

bl ocks are orthagonal transformations. 22. The apparatus of claim 20
wherein said block structure code is defined by the notion vector.
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23. The apparatus of claim 22 mhereln sai d factor scanning order ishaiisned

by the noti on vector.
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41
a) receiving pixel data for the current image;

b) detecting motion ‘between the pixel data of the
current image and pixel data of a previous image and
generating a motion vector indicative;of the motion;

c) subtracting the pixel data of the previous image from
the pixel data of the current image to generate a
prediction error signal;

d) encoding the prediction error signal using a coder.

-\ 19. A motion compensation predicting decoding
| " apparatus for receiving multiplexed coded data, the
apparatus comprising:

a separator for separating the multiplexed coded
data into a plurality of data blocks including a
plurality of transformation factors and a factor
scanning order code collectively defining a block
prediction error signal, and a block structure code and
motion vector associated with the block prediction error
signal;

a decoder for decoding the prediction error from
the plurality of trénsformation factors based on a
scanning order defined by the factof scanning order;

a blocking controller for determihing a block type
of each decoded block prediction error signal based on
the block structure code;

a memory of storing an image signal, the image signal
being read out therefrom shifted by the motion vector to

form a motion compensated prediction signal; and
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an adder for adding the decoded block-controlled

42

block prediction error signals to the motion compensated

prediction signal to produce a decoded image signal.

20. A motion compensation predicting decoding
apparatus for receiving and decoding multiplexed coded
data, the apparatus comprising:

a separator for separating the multiplexed coded
data into a plurality of coded data blocks ahd
associated encoding information, said encoding
information including a factor scanning order" d'efining
the brder of transform factors within the coded data
block, a block structure code identifying whether each
block is a field composed or a field independent block
and a motion wvector associéted with the block prediction
error within 1;_he encoded data blocks;

a decoder, responsive to said separator, for
decoding each of the plurality of encoded data blocks
based on the scanning order defined by the factor
scanning order to produce predictively coded image
information;

a blocking controller, receiving the output of the
decoder, for determining a block type of each decoded
block of predictively coded image information and
assembling the decoded blocks in dependence on whether
the blocks are field composed or field independent based

on the block structure code;
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a memory of storing an image signal; and

43

é; adder, receiving the output of the blocking
controller and the memory, for adding the predictively
encoded image information to associated portions of the

image signal stored in said memory.

21. The apparatus of claim 20 wherein said encoded

data blocks are orthagonal transformations.

22. The apparatus of claim 20 wherein said block

structure code is defined by the motion vector.

23. The apparatus of claim 22 wherein said factor

scanning order is defined by the motion vector.
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-44-
ABSTRACT

M _COMP [CTIN E
APPARATUS

A motion compensation predicting coding apparatus
includes a motion detector (2) for comparing pixel data
in éﬁ image signal with pixel data of the previous image
signal to generate a motion vector. The motidon vector
is indicative of the displacement differences between
the image signal and the previous image signal. The
image signal may be organized into blbcks of pixel data
for a single field or for multiple fields when motion
detection is performed on the image signal by the motion
detector (2). A subtracter (3) generates a prediction
compensation error signal by subtracting the pixel data
in the previous image signal from the pixel data of the
image signal. . A coder (4) receives the prediction
compensation error signal and generates an appropriate
coded output. The apparatus may also include an
adaptive blocking mechanism (12) for receiving the
predictioh compensation error signal and organizing the
data in the signal into blocks into one of several

fashions as dictated by the motion vector.
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