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present invention relates to an image coding
system for coding an image signal with high eff1c1ency.

As is known in the art, means for eliminating
redundant components included in an image signal is used for
coding an image signal. A typical approach to image coding
is the transform coding method wherein an image is divided
into blocks, an orthogonal transform is carried out for each
of the blocks, and the transform coefficients are encoded.

In the case of television signals such as an NTSC
signal, interlaced scanning is used whereby an image signal
of one frame is scanned twice, once in the odd field and
once in the even field. The two fields scan different but
complementary spaces of an image. The fields have image
information at different times but there is a relatively
strong correlation therebetween because the scanned lines
of the two fields are alternate and adjacent. There is
.a technique in which coding is carried out after combining
the fields and dividing them into blocks when coding an
image signal préduced by the interlaced scanning.

" Fig. 1 is a block diagram showing the structure of
an embodiment of "High Efficiency Image Coding System"
described in the Japanese Patent Public Disclosure No.
1688/1981. In Fig. 1, the coding system includes a non-
interlacing section 1, a motion detecting section 2, a non-
interlace blocking section 3, an individual field blocking
section 4, an orthogonal transform section 5, a quantizing
section 6 for quantizing a conversion coefficient at the
output of the orthogonal transform section 5, and coding
section 7. .

In operationl a series of irput image signals 100,
which are producéd by the interlaced scanning method and
applied to each field, are converted to a non-interlaced
signal 101 in the non-interlacing section 1 as indicated

' _in Fig. 2(C).__As shown, the pixels belonging to the odd
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As .i's known in the art, nmeans for elimninating redundant conponents incl uded
in an inmage signal is used for coding an image signal. A typical approach
to image coding is the transform coding nethod wherein an image is divided
into blocks, an orthogonal transformis capried out for each of the bl ocks,
and the transform coefficients are encoded: In the case of
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fields and dividiqg 4N§MhA4InG! QBHBoNEERsCPELRILERN Ffields. Fig. 3(A)
shows an example of such a condition. On the other hand,
when an object is moving, the correlation between adjacent
lines is lowered and it is considered to be effective to

10 execute the coding in units of individual fields. This
is because a non-interlaced signal is used for the moving
object results in discontinuation as shown in Fig. 3(B),
causing a power to be generated in high frequency
coeffiéients during the transform coding. In this case,

15 the blocking as indicated in Fig. 3(C) is adequate.

Thus, the motion detector 2 detects the motion of
an object and changes the operation when the object is
detected as being stationary by a signal 103 indicating
motion, to conduct the blocking shown in Fig. 3(A)

20 (hereinafter, this arrangement of Fig. 3(A) is called the
non-interlace blocking) in the non-interlace blocking
circuit 3. If the object is detected to be moving, the
motion detector 2 changes the operation to conduct the
blocking shown in Fig. 3(C) (hereinafter, this arrangement

25 of Fig. 3(C) is called the individual field blocking) in
the individual field blocking circuit 4.

The blocks obtained by changing the blocking as
explained above are subjected to the discrete cosine
transformation (DCT) in the orthogonal transform section 5.

30 The transform coefficients obtained as described above are
quantized in the quantizing section 6, and a variable length
code is assigned in the coding section 7 in accordance with
the occurrence probability of respective events.

Since a conventional image coding system has been

35 structured as described above, it has been difficult to
realize the blocking utilizing the correlation between
fields when an object is moving. Moreover, such a system

" has not g&ilizgd the property of different intensities in
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inagenéignal produced by the interlaced scanning. Fig. 1 is-a block
di agram showi ng the structure of an enbodi nent of "H gh Efficiency |Imge
Codi ng System' described in the Japanese Patent Public D sclosure No.

1688/ 1991. In Fig. 1, the coding systeminclagles a non- interlacing section
1, a notion detecting section 2, a non- interlace blocking section 3, an

i ndi vidual fi el d gaveokidigs eidiutiron o farther tdvegftfhiat 1 d e sf firew sewmtvarsixn a
qgquanti zi ng secti g Ny<AUAY | - Y ' ﬁégg | Ci ent o t
of the orthogonal lfrs“c’agnds)fbo)?m secﬁ%% andﬁ{co%di ng secétr}gngg.pﬂef#%ll lrﬁﬂp
operation, a serite dflagiput Inveafdistipmal sthige dhidhe atief frernieed b wer
interlaced scanniygyw@dd)oghangl 2PRidH% 10 KA dd€lkbvBie womes [ ethd tidving

non-interlaced signal 101 in the non-interlacing section 1 as indicated in

Fig. 2(0). Bs shdWPCEhid gy iRg & doi@hgiigpalo REepdekich has not been

utilized.

Fig. 4 is a block diagram of another conventional
interframe predictive coding system described, for example,
in the transactions on the 3rd HDTV International Work

10 Shop, "A Study on HDTV Signal Coding with Motion Adaptive
Noise Reduction" (Vol 3, 1989). 1In Fig. 4, this system
comprises a frame memory 21, a motion detecting section 22,
a subtracter 23, a coding section 24, a local decoding
section 25, an adder 26 and a multiplexing section 27.

15 Although omitted in this figure, the encoded data is decoded
at a receiving side in order to reproduce the transmitted
signal.

In operation, the motion of an object between the

current field and the field of the same type of the

20 preceding frame is detected block by block, the block
consisting of a plurality of pixels of an input image signal
201 which is provided by the interlaced scanning method
and formed of frames, each frame having both odd and even
fields. The motion between odd fields is detected in the

25 motion detecting section 22 by searching the block which has
the most distinctive resemblance to the currently processing
block among the already encoded blocks 202, adjacent to the
position corresponding to the currently processing block
in the odd fields stored within the frame memory 21. The

30 degree of resemblance is evaluated by using an absolute sum
of differential values or a square sum of differential
values of the corresponding pixels in both blocks. The
amount of motion in both horizontal and vertical directions
between the current block and the block determined to be

35 the most similar is provided as a motion vector 203. The
frame memory 21 outputs a motion compensated prediction
signal 204 corresponding to this motion vector 203.
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fiel'd and the pi xel s belonging to the even field appear alternately in

every ot her

l'ine. When an object is stationary and the correlation

bet ween adjacent lines is high, it is effective to use a non-interlaced
signal and to code the inmage signal in _4-
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A prediction error signal 205 obtained in the
éubtracter 23 by subtracting the motion compensated
prediction signal 204 from the 1nput signal 201 is applied
to the coding circuit 24 in which the spatial redundancy
is removed. Since low frequency components of an image
signal generally occupy a greater part of the power thereof,
information can be compressed by quantizing high power
portions with a large number of bits and quantizing low
power portions with a small number of bits. According to
an example of this information compression method, the
frequency conversion is carried out for an 8 x 8 pixels
block by conducting an orthogonal transform such as a

"discrete cosine transform to scalar-quantize the trénsform

coefficients. The scalar-quantized coding data 206 is sent
to the local decoding section 25 and to the multiplexing
section 27. The multiplexing section 27 conducts
multiplexing and encoding for the coding data 206 and

the motion vector 203 to output these signals to a
transmission line 209.

Meanwhile, the local decoding circuit 25 executes
the inverse operation of the operation in the coding section
24, namely the inverse scalar quantization and inverse
orthogonal transform to obtain a decoded error signal 207.
The motion compensated prediction signal 204 is added to the
decoded error signal 207 in the adder 26 and stored in the
frame memory 21 to detect motion of the odd field of the
next frame. _

In addition, the motion of the even fields of the
input image signal 201 with respect to the already encoded
field of the frame memory 21 is also detected for the coding
of the motion compensated prediction error signal. As
described above, in the conventional interframe predictive
coding system, redundancy with respect to time included in
moving image signals is removed by the motion compensated
prediction coding and redundancy with respect to space is
removed by the orthogonal transform.

Since the conventional interframe predictive coding

" system is structured to individually encode both the odd
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a bl ock:including conponents fromboth fields. Fig. 3(A) shows an exanple
of -such a condition. On the other hand, when an object is noving, the
correlation between adjacent lines is lowered and it is considered to be
effective to execute the coding in units_gf individual fields. This is

because a non-interlaced signal is used for the noving object results in
di scontinuati @]ea3 apAVRvien Fi@1d365) predayditisgd theWeurir@nte (peRlkalitad in
hi gh frequency-coefficients dgrln tgg transformcaqding. In this case, the
bl ocki ng as i REdcdi&dd Aremyt §(€%di igddq@dt #he already,gancoded Fgemsn
detector 2 detag@t P rieldd cdnigonthel canr reljteelveand iRlandedni vheOpateat ifar 1uhen
the object is tected . as hein t at ionar a signal 103 4J.ndi cati.ng
notion, to cor?ﬁéc % ﬁgrﬁlaggkieﬁlgo?ﬁ riaﬁeéi 3)‘193(3,&5(:% é’rgeie%;fltcé‘re?lyt hi®s Low
arrangergent ofbelciagse3(th)e ispaddlalle ¢orire adii-onntesrilsdda gblbediiery) the t he
non-interlace fQ5k\iGs fields, produced by the interlaced scanning

method, is not used.

The present invention has been proposéd to overcome
10 the problems in the prior art. Therefore it is an object
of the present invention not only to adaptively discriminate
between a block which is effective for non-interlace
blocking and a block which is effective for individual field
blocking, but also to enhance coding efficiency by adding
15 a class of blocking so that field correlation is used even
for a moving image, the quantization accuracy is controlled
and the scanning sequence of transform coeffecients is
changed in accordance with switching of the blocking.
It is another object of the preseﬁt invention to
20 provide a coding system for searching motion from both odd
and even fields of the frame which is already encoded in
order to predict each present field.
It is a further object of the present invention to
provide a coding system for enabling highly efficient coding
25 by realizing blocking for adaptively switching the field and
frame in the block coding of prediction errors.
According to the first aspect of the present
invention, an adaptive blocking image coding system encodes
an input image signal obtained by interlaced scanning in a
30 unit of the block of M pixels X N lines. More specifically,
the adaptive blocking image coding system comprises blocking
means for selectively forming a first type block including
only the pixels of M pixels X N lines belonging to the odd
field of the input image signal or the pixels of M pixels
35 ®x N lines belonging to the even field thereof, a second
type block wherein the pixels of the M pixels X N/2 lines
belonging to the odd field and the pixels of the N/2 lines
;legggigg to the even field are arranged alternately in
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circuit-3. If the object is detected to be nmoving, the notion detector 2
changes the operation to conduct the blocking shown in Fig. 3(C
(hereinafter, this arrangenent of Fig. 3(C) is called the individual field
bl ocking) in the individual field blockingcircuit 4. The bl ocks
obt ai ned by changi ng the bl ocking as expl ai ned above are subjected to the

?ihscget e ?osi @véxf;?r@ﬁmmirgm dtﬁ@'ésﬂdr:jdi}ﬁg otd gamming reosf eioasesti on 5.
e transform coefficients obtained as.descri ve are guantized in.the
quanti zi ng sec® i DIPB-2% L S i bt drbia TEngrRe ijg% %E?nghe ?nppﬁ% 202f ng

section 7 in am;qmrxieam:a WA Ihees'.)dmﬂasxemheg p;<mbtalbelod<;z biel@szpleetaweanged
:\s/egtezcrl bed ab%ve e, L?plfigpv een d&%flcu tofgﬁlrlé;g?lfégﬁ ?%l%&]b %?%é% ﬁ;[ﬁg
the corrgl ati on mmxetﬁwwfNé¢d%lmwﬁnbeﬁpmtg@mtt¢stm©v¢ﬁ@ﬂ ﬂb@b@v@?e such a
system arranged in the remaining half of the block, and a fourth
type block wherein the pixels of M pixels X N/2 lines
belonging to the odd field are arranged in the upper or
lower half of the block, the pixels of M pixels X N/2 lines
10 belonging to the even field are arranged in the remaining
half of the block and the pixels of either field are
inverted upside down in the vertical direction with respect
to the display screen. The system further includes blocking
determining means for determining the type of blocking by
.15 the blocking means, a transform means for orthogonally
transforming the block formed by the blocking means,
quantizing means for quantizing the transform coefficient
obtained by the transform means, and coding means for
encoding the quantized index obtained by the quantizing
20 means.
With the structure described above, the block of
the M pixels x N lines if obtained by one blocking selected
from the non-interlace blocking where the pixels of M pixels
X N/2 lines belonging to the odd field and the pixels of
25 M pixels X N/2 lines belonging to the even field are
_arranged in everi other line corresponding to the scanning
positions on the display screen, an arrangement (herein-
after, called split blocking) where the pixels of M pixels
X N/2 lines belonging to the odd number field are arranged
30 in the upper half or lower half block and the pixels of
M pixels X N/2 lines belonging to the even field are
arranged in the remaining half block, and an arrangement
(hereinafter, called inverted split blocking) where the
pixels of M pixels X N/2 lines belonging to the odd field
35 are arranged in the upper or lower half block, the pixels
of M pixels X N/2 lines belonging to the even field are
arranged in the remaining half block and the pixels of
either field are inverted in the vertical direction with
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has - not utilized the property of different intensities in

-3-. power distribution of the coefficients after conversion caused by the
difference in arrangenent of pixels within the block. In addition, there is
the difference in power -7-

respect to the display screen. The obtained block is
ofthogonally transformed the transform coefficients are
quantized, and then the quantization index is encoded.

According to the second aspect of the present

5 invention, the quantizing means for quantizing the transform
coefficient in the adaptive blocking image coding system
variably controls the quantization accuracy in accordance
with the type of arrangement blocking-processed by the
blocking means. _

10 More specifically, one of the arrangements including
individual field blocking, non-interlace blocking, split
blocking, or inverted split blocking is orthogonally
transformed, the transform coefficient is quantized and the
quantizing index is encoded with the quantizing accuracy

15 in accordance with the information, indicating the selected
blocking.

According to the third aspect of the present
invention, the coding means for encoding the quantizing
index produced when quantizing the transform coefficient

20 in the adaptive blocking image coding system determines
the scanning sequence (path) for quantizing the transform
coefficient in accordance with the type of arrangement to
be blocking-processed by the blocking means.

More specifically, one of the arrangements to be

25 blocking-processed by the individual field blocking, non-
interlace blocking, split blocking, or inverted split
blocking is orthogonally transformed, the transform
coefficient is quantized, and the quantizing index is
encoded with the quantization accuracy and the scanning

30 sequence in accordance with the information indicating the
selected blocking.

According to the fourth aspect of the present
invention, the adaptive blocking image coding system
comprises blocking determining means for selecting the type

35 of arrangement to be blocking-processed in accordance with
the value obtained by multiplying a predetermined weighting
coefficient with the pixels of each line included in the

" block and then totaling such multiplied values.

This Sheet Has Been Rerlaced

AHRH




between the stationary bl ocks and novi ng bl ocks, the nmoving bl ocks having a
hi gh signal power which has not been utilized. Fig. 4 is a block

di agram of anot her conventional interfranme predictive coding system
described, for exanple, in the transactiogs on the 3rd HDTV International
Wor k Shop, "A Study on HDTV Signal Coding wth Mtion Adaptive Noise

Reduction” (Vol 3, 1889p. phBtEbGlaﬂlythbﬁe35¥tQﬂbcﬁﬁﬁhh%@&eﬂtﬁr%BEbEE”Ury
21, a notion g gtlngpsegglog E ? ay irgc i g gi section 24, a
| ocal decodi n§185EEPBAPE8CegRedqh¥, 1081XAduaLndieiLd BAPRE 188t PBR-27.
Al t hough onitﬁadermatblblbcgmng, speienbddeHidgt aors ideepded splatrecei ving
o onof oo BhRskERECIUC S DRk ARSI PR LRl oo, by BuReTHEVABR, 1"
type of % he the predetermined weighting coefficient with the pixels
of each line included in the block and then totaling such
multiplied values. The selected block is orthogonally
transformed, the transform coefficient is quantized and the
quantizing index is encoded.

10 According to the fifth aspect of the present
invention, the adaptive blocking image coding system also
comprises a blocking determining means for selecting the
type of arrangement which has the minimum coefficient power
of a predetermined high frequency component among the

15 transform coefficients obtained by discrete cosine transform
of the block.

In other words, one of the arrangements to be
blocking-processed by individual field blocking, non-
interlace blocking, split blocking, or inverted split

20 blocking is selected in such a manner that the coefficient
power of the predetermined high frequency element component
is the minimum among the transform coefficients obtained by
discrete cosine transform of the block. The determined
block is orthogonally transformed, the transform coefficient

25 is quantized, and the quantizing index is encoded.

According to the sixth aspect of the present
invention, there is provided a coding system which
individually searches the motion from both odd and even
fields of the already encoded frame in order to predict the

30 field to be encoded, the system comprising the following
elements:
(a) input means for inputting an input signal to be
enéoded;
(b) a field memory for storing signals based on the input
35 signal by dividing it into a plurality of fields such
as the odd field and even field;
{(c) predictive signal ocutput means for outputting

predictive signals of a plurality of types predicting

T




preceding frane is detected bl ock by block, the block consisting of a
plurality of pixels of an input image signal 201 which is provided by the

i nterlaced scanning nethod and fornmed of franes, each frane having both odd
and even fields. The notion between odd figel ds is detected in the notion
detecting section 22 by searching the block which has the nost distinctive

[)Fserkml gg(zze tg- t he ;:u{rreetrﬂﬁang:er thafesi&mg; l@i@&i@la_rmng:tﬁdﬂﬁ?ﬁirsem sﬁg@ﬁﬂed
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processing block in the’’o I'n the frame nenory 21. The
degree of reseml ancer iselactiaratiad Beleitrigigara ghsen idte wurm iefnadi ffiremerthel

'R both bl acke. The S C St A b RHP RO et

directi ons between tHUERLKY dvgand .oddnd the bl ock determined to be the

nost simlar igprovidaesi s mediy QY Va1 FP3khe put signal using the
relationship between the predictive signal selected
by.'the selector and the input signal from the input
means.

10 With such an arrangement, the coding system can
provide stabilized prediction efficiency regardless of
motion of an object by making reference to both fields of
the already encoded frame for the purpose of prediction.

According to the seventh aspect of the present

15 invention, the coding system is structured to realize
adaptive prediction from the searched two kinds of motion
compensated predictive signals and a plurality of predictive
signals combining interpolation signals of these motion
compensated predictive signals.

20 Since the coding system as constructed utilizes
a predictive signal produced by interpolating the predictive
signals from both fields of the already encoded frame,
motion at the intermediate point of time and space of the
two fields used for the prediction can be considered.

25 Moreover, this coding system also functions as a low-pass
filter, whereby the prediction efficiency can be improved
and the encoded image is stabilized.

According to the eighth aspect of the present
invention, the coding system executes the encoding, for

30 example encoding prediction error signals, by adaptively
switching the encoding operation from blocking of the pixels
of only the odd field or even field of the frame for
encodement to blocking of both odd and even fields for
encodement, the system comprising the following elements:

35 (a)  input means for inputting an input signal to be

encoded by dividing into a plurality of fields such
as an odd field and even field;

R




frame nenory 21 outputs a notion conpensated prediction signal 204
corresponding to this notion vector 203.

-4-

A prediction error signal 205 obtained in the subtracter 23 by

subtracting the notion conpensated predicljigan signal 204 fromthe input
signal 201 is applied

10

15

20

25

30

35

fields.

(b) a blocking selection section for selecting, at the

. time of blocking and encoding the signal from the
input means, a block suitable for the encoding
between the block consisting of the signal of only
one kind of field and the block consisting of the
signal combining signals of a plurality of fields:

{c) a block forming section for forming a block selected
by the blocking selection section; and
(d) coding means for encoding a block formed by the bleck

forming section.

The coding system having such a structure provides
high efficiency encoding by selecting the blocking method
most suitable for the encoding, i.e., blocking the pixels of
only either of the odd field or even field, or blocking the
pixels of both odd and even fields.

According to the ninth aspect of the present
invention, the coding system also comprises a concrete
selecting means for adaptively switching the block
selection. This selecting means includes any one of the
following selecting mans:

(a) selecting means for selecting the block with the
least amount of encoding information from a plurality
kinds of block;

(b) selecting means for selecting the block with the
least amount of encoding errors from a plurality
kinds of block; and '

(¢c) selecting means for selecting the block with the
least amount of high-frequency components in the
signal to be encoded from a plurality kinds of block.
The coding system having such a structure enables

adaptive switching of the blocking by selecting the blocking

with less encoding information, the blocking with less
encoding errors, or the blocking with less high frequency
components included in the signal to be encoded, from the
blocking of the pixels of one of only the odd or even
field or the blocking of the pixels of both odd and even
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to.the coding circuit 24 in which the spatial redundancy is renoved. Since
| ow frequency conponents of an image signal generally occupy a greater part
of the power thereof, information can be conpressed by quanti zi ng high
power portions with a | arge nunber of bitgjand quantizing | ow power
portions with a small nunber of bits. According to an exanple of this

I nformati on conpression nethod, the frequency conversion is carried out for

an 8 x 8 pixels block, by condygtin rt hogong] .transform.such _as a

di screte cosine tranwr%r%v&’%géﬁr’ag’-ia‘ﬂ‘a%ﬁ POTE & Wil ISR IO iE&0Th e
The scal ar - quahtlilosd neodiertg idatda 3@ rip tdem aral tthe |ascaimpaeodchien @l resdin gen
25 and to the Idﬂﬂgﬁgxing section 27. The nultipl exing section 27 conducts

mul ti pl exi ng and enco@ing for the coding data 206 and the notion vector 203
to outpud these signdli€.td ds makdwicdsidedriare foen image coding system

in the prior art;

Fig. 2 is a diagram for explaining non-interlace
blocking;

Fig. 3 is a diagram for explaining an adaptive

i0 blocking of the prior art;

Fig. 4 is a block diagram showing the structure of
another coding system of the prior art;

Fig. 5 is a block diagram of an embodiment of the
present invention;

15 Fig. 6 is a diagram for explaining adaptive blocking
in the embodiment shown in Fig. 5:

Fig. 7 is a block diagram showing the structure of
an adaptive field/frame coding system of another embodiment
of the present invention;

20 Fig. 8 is a diagram showing an exemplary input image
signal;

Fig. 9 is a block diagram showing an example of the
structure of an interpolating section shown in Fig. 7:;

Fig. 10 is a diagram for explaining the operation of

25 a motion detecting circuit

Fig. 11 is a diagram for explaining the operation for
using a motion compensated predictive signal in the
embodiment shown in Fig. 7;

Fig. 12 is a block diagram showing the structure of

30 an adaptive field/frame coding system according to another
embodiment of the present invention;

Fig. 13 is a block diagram showing another example of
the interpolating section;

Fig. 14 is a block diagram showing an adaptive

35 field/frame coding system according to embodiment of the
present invention;

Fig. 15 is a block diagram showing an example of the

"structure of the blocking selection section;
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Meanwhi.l e, the local decoding circuit 25 executes the inverse operation of
the operation in the coding section 24, nanely the inverse scal ar

guanti zati on and inverse orthogonal transformto obtain a decoded error
signal 207. The notion conpensated predici{pon signal 204 is added to the
decoded error signal 207 in the adder 26 and stored in the frane nenory 21

Eﬁedet?pt UU;i?R of Fhefpﬂﬁdike?d?ﬁégiﬂﬂ ?Eéﬁiﬁgaﬂ?structuralneﬁﬂﬂbléoﬁf

nmoti on of 1he eve | e in e _slgn 201 with respect to
the already ehB8dB °FReF8f8F%Fﬁeb¥r59% ﬁgﬂﬁ#ggglnggS?iagdﬁ?% f%ﬂ'fo? t he
cgdlng pf tﬂe not i onFegnpefisdsed piedkcdiagramr showiggah. shsudegral bed
above, in the_conventi@n i ; LCt | Lng system redundanc
Min respect EESPPRE PhothacliBEkiRETEBRAERE bYEceaHL "I oY Y

h “ncl'uded ] S|gn 'S is removed by the
nmot i on sonpensat ed pFédi.clBohscadbhgchndiagnandsheyingt A FESPLEUTrRES space

s example of the blocking decomposing section;
Fig. 19 is a block diagram showing another structural
example of the blocking selecting section;
Fig. 20 is a block diagram showing another structural
10 example of the blocking selecting section;
Fig. 21 is a block diagram showing a structural
example of the frequency analyzing section;
Fig. 22 is a diagram showing an example of the
accumulated frequency components; and
15 Fig. 23 is a block diagram showing another structural
example of the present invention.

Referring to Fig. 5, an embodiment of the present
invention is shown as an adaptive blocking image coding

20 system. In Fig. 5, the image coding system comprises a non-
interlacing section 1 for conducting non-interlace
processing; a blocking determination section 8; an
individual field blocking section 4; a non-interlace
blocking section 3; a split blocking section 9; an inverted

25 split blocking section 10; an orthogonal transform section
11; a quantizing section 12 and coding section 13. Such
various types of blocking are shown in Fig. 6. Figs. 6A -
6D show individual field blocking non-interlace blocking,
split blocking and inverted split blocking, respectively.

30 The operation will be explained with reference to
Fig. 5 and Figs. 6A - 8D. The input image signal series 100
which is scanned by the interlace scanning method and 1s
inputted field by field is converted into a non-interlaced
signal 101 in the non-interlace section 1.

35 Fig. 2 shows a profile of non-interlace processing in
the prior art similar to the non-interlace processing in the
present invention. When (A) 1ls defined as an input image

"signal from the odd field and (B) as an input image signal

!
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renbved-by t he orthogonal transform Si nce the conventiona
Interframe predictive coding systemis structured to individually encode

both the odd -5- field and even field
by predicting the current (present) odd figid fromthe odd field of the
al ready encoded frane

of the even field, the non-interlaced signal 101 shown in
{(C), alternately combining the lines from respective fields,
can be obtained.

The individual Tield blocking section 4 executes, as

5 shown in Fig. 8(A), blocking in which the fields are
processed individually. This blocking is effective when the
correlation between the fields is not available because of
quick motion.

The non-interlace blocking section 3 executes the

10 blocking shown in Fig. 6(B). 1In the case of a stationary or
still image, a continuous image can be obtained by non-
interlaced processing of the fields. The wavelength of the
signal thereby becomes substantially longer, resulting in
power being concentrated on low frequency components in the

15 successive transform coding.

The split blocking section 9 conducts the blocking as
shown in Fig. 8(C). This blocking is effective in the case
where the correlation between the fields exists but the
fields are noncontinuous when non-interlace blocking is

20 carried out.

The inverted split blocking section 10 conducts the
blocking shown in Fig. 6(D). This blocking is also
effective in the case where the correlation between fields
exists but the fields are noncontinuous when non-interlace

25 blocking is carried out. This blocking prevents
discontinuation at the center of the block when the split
blocking method is used.

The blocking determinating section 8 determines the
optimum blocking from a plurality of blockings as explained

30 above and outputs a blocking arrangement selecting signal
102 for selecting the determined blocking. Here, it is
important to enhance the concentration of power, on the low
frequency coefficients in the transform coding. For this
purpose, it iIs effective to evaluate the amplitude of high

35 frequency components in each blocking and select the
blocking having the minimum amplitude.

In one of the evaluation methods, a weight is
'mult}p};ed with the pixels of each line and the obtained
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and predicting the current even field fromthe even field of the already
encoded frane, the encoding efficieny is | ow because the spati al
correlation existing between the continuous fields, produced by the

interl aced scanni ng nmethod, is not used. _j4- The present invention has
been proposed to overcone the problens in the prior art. Therefore it is an
obj ect of the BEsaNtarVEEA Otb 1i0te PN W10 é%Ehﬁxﬁilé/théjlvﬁé?lerﬂ At e beggveen

a block which is effective for no |nterlace bJockl a bIock |ch i's
effective for S tRIES | ERED Dol ndgt ButusSh l'begeﬁﬁéﬁ] own

efficiency by mddf ing. ae,clasds e btaidtingpSo-1 hraé giwvdrd worted a]tilrtms i, used

even for a roving, | mage, . Lhe. quant 2ald Oy A6 W ARNed %M OL1EE A beden
scanni ng sequence of ans ofrm ‘coe eC|en
5 the absolute value of the sum. Moreover, the weight +1

is given to the lines 8, 10, 12, 14, and the weight -1 is
given to the lines 9, 11, 13, 15. The obtained wvalues are
then totaled to also obtain the absolute values of the sum.
Both absolute values are totaled. Thus, the weighting is

10 inverted alternately for respective lines and it is
equivalent to the evaluation of the maximum frequency
component when non-interlace blocking has been conducted.

Further, the weight +1 is given to the lines 0, 4, 8,
12 and the weight -1 to the lines 2, 6, 10, 14. The

15 obtained values are totaled to obtain the absolute value of
the sum. In addition, the weight +1 is given to the lines
1, 5, 9, 13 and the weight -1 to the 1lines 3, 7, 11, 15.
The obtained values are then totaled to obtain the absolute
valué of the sum. These absolute values are also totaled to

20 evaluate the maximum frequency componént of the individual
field blocking.

In addition, the weight +1 is given to the lines 0,
4, 1, 5 and the weight -1 to the lines 2, 8, 3, 7. The
obtained values are totaled to obtain the absolute value of

25 the sum. The weight +1 is also given to the lines 8, 12,
9, 13 and the weight -1 to the lines 10, 14, 11, 15. The
obtained values are totaled to obtain the absolute value of
the sum. Both absolute values are then totaled to evaluate
the maximum frequency component of the split blocking.

30 The weight +1 is given to the lines 0, 4, 7, 3 and
the weight -1 to the lines 2, 6, 5, 1. The obtained values
are totaled to obtain the absolute value of the sum.
Moreover, the weight +1 is given to the lines 8, 12, 15, 11
and the weight -1 to the lines 10, 14, 13, 9. The obtained

35 values are totaled to obtain the absolute value of the sum.
These absolute values are totaled to evaluate the maximum
frequency component of the inverted split blocking.
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changed in accordance with switching of the bl ocking. It is another
obj ect of the present invention to provide a coding systemfor searching
notion fromboth odd and even fields of the frame which is already encoded
in order to predict each present field. It is a further object of
the present invention to provide a codlng System for enabling highly

etficient coding by I1alntlthe DiEsload fodf AGARM DY oPdaCl MR g, el d
C pre

and frane in the blo coding o ctlon errors. According to the

first aspect dfe RamHess &t qrﬂ‘@ﬂﬁ“@ﬁ tagnsdoymede aneddidicHgntade vidd B
system enCOde%ﬂ@’lﬂm&t 1'8’1%& %kﬁ@ﬁ'a @bk@e&%@uﬁhémt&fﬂeﬁy}ﬁiicﬁ%'l@lenqmn a

unit of the bI k of er N.lines. Nore speC|f|ca t ada
bl ocki ng i mgé %éiﬁ F@%%iﬁ fQW¥§@1§89n§£%?Vlng
formng m firsthet ytﬁexmhmcklunmdrudlsng;eqmcmetdhe pi er s of Mpixels x N lines

bel onging to the OddThe orthogonal transform section 11 carried out the

orthogonal transform of the selected block to obtain the
transform éoefficients. The obtained transform coefficients
are quantized in a fixed sequence by the quantizing section

10 12. In this case, some difference lies in the power of the
coefficients depending on the type of blocking. In general,
non-interlace blocking tends to be selected for a stationary
region and the power is comparatively small.

Meanwhile, since the correlation between fields

15 becomes small in a quick motion area, individual field
blocking is often selected and the power is large.
Moreover, split blocking and inverted split blocking are
considered to be intermediate to the above two blockings.
Therefore, efficiency can be improved by variably

20 controlling quantization accuracy in accordance with the
type of blocking.

The quantizing accuracy can also be controlled
variably in accordance with not only the type of blocking
but also the combination of actual signal power and

25 quantization error power. In this case, it is also possible
to execute variable length coding by combining the
information indicating type of blocking and the information
indicating quantization accuracy.

Indexes obtained by quantizing the coefficients are

30 encoded in the coding section 13. In this case, the
coefficients are scanned from those having a larger
coefficient power to those having a smaller one in order
to enhance the efficiency of encoding. For the coefficients
having a power lower than a certain specified value, the

35 encoding may cease. Therefore, it is very convenient if
the power distribution can be anticipated. There is a
tendency with respect to the distribution of power of the

‘coefficients that the power 1s increased as the frequency

Tl ]




fLéId-pf the i nput image signal or the pixels of Mpixels x N Ilines
bel onging to the even field thereof, a second type block wherein the pixels
of the Mpixels X N2 lines belonging to the odd field and the pixels of

tge N2 lines belonging to the even fieldjgce arranged alternately in

is lower. However, 1f the blocking is adaptively changing,
as in the present invention, the coefficients having lower
power do not always correspond to low frequency components.
Then, the coding efficiency can be improved by changing the
5 scanning sequence or path in accordance with the type of
blocking.
Since the present invention is structured as
explained above, the following effects can be obtained.
The coding efficiency of transform coding is improved
10 by switching the blocking of an image signal scanned by
the interlaced scanning method into an adapted blocking.
Moreover, the efficlent assignment of information quantity
can be realized by variably controlling the quantizing
accuracy of transform coefficients correspondingly to the
15 switching of the blocking. In addition, the encoding
' efficiency can also be improved in transform coding by
changing the scanning sequence of the transform coefficients
within the block.
Referring now to Fig. 7, a structural diagram of
20 an adaptive field/frame coding system according to another
embodiment of the present invention is shown. The system
includes an odd field memory 28 for storing local decoded
signals of odd fields, an even field memory 28 for storing
local decoded signals of even fields, an interpolation
25 section 20 for interpolating a predictive signal with motion
compensated from the two fields, and a selector 21 for
selecting a predictive signal which gives the optimum
prediction from three signals of the signals predicted from
the odd and even fields and the interpolated predictive
30 signal. In Fig. 7, sections 200, 300 and 500 enclosed
by a broken line respectively denote motion detecting means,
predicting error signal output means and coding means.
Fig. 8 shows a profile of input image signals 201
which are scanned by the interlaced scanning method, wherein
35 the odd and even fields are alternately applied. Fig. 8
shows the fields in the coordinates where time is plotted
on the horizontal axis and vertical direction on the
"vertical axis. In Fig. 8, K1 indicates an odd field of the
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every ‘other line corresponding to scanning positions on a display screen, a
third type block wherein the pixels of Mpixels x N2 lines belonging to
the odd field are arranged in the upper or |ower half of the block and the
pi xel s of Mpixels x N2 |lines bel ongi ng-td-the even field are arranged in
the remaining half of the block, and a fourth type bl ock wherein the pixels
of M pi xel s x fNr3Y ifremene|wWiridien§ 1.0 anhe vead fliedldd ofr & heer fidnmgdd firamehe In

upper or | owere haldan it Oy {ENSPLR %10 Mot XSS KN erage

bel onging to the even re arranged in the remaining half
and the pi xel ¥hdfleeiGheralr jedeq drilelidnodr tde $esiodd dowmPe-n the verti cal

direction with respegjgodhe & Nk F@eam DIe a3y T@mphe drercniencl udes
bl ocki ng deternm ni ng neans for determnining the type of blocking by the
bl ocki n% meansi? te TRk SREHAO™ #P -or thSGIRAS frtlr%’l‘f‘s?ft&rcrri‘"ﬁ%nt RE tihGck

formed by the mddtiddd npnpEaisated prediction signal 204a from the inputted
odd fields and the motion compensated prediction signal 204b
from the inputted even fields is obtained and is used as
an interpolation predictive signal 204c.

10 The operation will be explained with reference to
Figs. 7, 8 and 9. Motion of the odd fields and even fields
of the present frame in relation to the preceding frame is
detected in units of blocks including pixels (n X m} in
response to the input image signal 201 which is scanned by

15 the interlace scanning method and includes the odd and even
fields alternately. The motion of the odd fields between
the present and the preceding frames is detected by
searching, in the motion detecting section 22, the block
which most resembles the currently processed block in the

20 image signal 201 from the blocks adjacent 202a to the
position corresponding to the currently encoded object
in the already encoded odd fields stored within the odd
field memory 28.

As shown in Fig. 10, for example, it is assumed that

25 image Hl1 exists within one block unit (n x m) in the
preceding frame, and the image moves to position H2 from
position Hl in the present input image signal. The motion
detecting section 22 outputs a motion vector 203 which
indicates the block has moved horizontally to H2 from H1.

30 In this case, since motion is not detected in the vertical
direction, the motion vector 203 has the value of 0 with
regard to vertical direction. The motion in the horizontal
and vertical directions thus obtained is outputted as the
motion vector 203. '

35 The odd field memory 28 outputs a motion compensated
prediction signal 204a corresponding to this motion vector
203. Similarly, compensation for motion of the even fields

"in the preceding frame is carried out in the motion
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quantizi ng means for quantizing the transform coefficient obtained by the
transf orm neans, and codi ng neans for encoding the quanti zed i ndex obtai ned
by the quanti zi ng neans. Wth the structure described above, the

bl ock of the Mpixels x Nlines if obtai nedgby one bl ocking selected from

t he non-interlace bl ocking where the pixels of Mpixels x N2 |ines

?el?ﬂging poft@fg@dﬂlﬁtekdcandnthn pbxessapthihpi ke sbkodk 2résemlsl brongi ng
o the even fi are_ar g gr e n 0 [ t

scanni ng. posi  F8s 8T ERE G by 55s ST CEpSLRNFsoh EnE A FARMAE BP0t 2620
called split bWDCklngyh&heventﬁéebdxmemoof RﬁpﬂaélQukpu$21ngn§§ebéP§Hban

to the odd nunper.fLehdsfor eekanpedobn thgeURBeiohakingentaven faéalehegh

and the pixel s™of |xe i nes g to the even & are
ar r anged>5i n thélg@ﬁhuapﬁe ﬁaFFeﬁPGEﬂlngnBOaﬁ aﬁraﬁaéﬁBnYector 03 1s

outputted from the even field memory 29.

The interpolation processing is carried out in the
interpolating section 20 shown in Fig. 9, by using the
motion compensated prediction signals 204a and 204b to

10 generate the inte:polation predictive signal 204c, signal
204a being generated by motion compensated in accordance
with the motion vector 203 and provided from the odd field
memory 28, and motion compensated predictive signal 204b
being generated by motion compensated in accordance with

15 the motion vector 203 and provided from the second field
memory 9. A predictive signal having the minimum error
signal power with respect to the currently encoding object
block of the input image signal 201 is selected by the
selector 21 from among the motion compensated prediction

20 signal 204a obtained from the odd field, the motion
compensated prediction signal 204b obtained from the even
field, and the interpolated motion compensated prediction
signal 204c, and then the predictive signal 210 is produced.

Fig. 11 is a diagram showing the operation explained

25 above. It is assumed that the odd field memory 28 shown in
Fig. 7 stores an odd field'Kl of the preceding (previous)
frame, while the even field memory 29 of Fig. 7 stores an
even field Gl of the preceding frame. Here, the case where
an odd field K2 and an even field G2 are included in the

30 current (present) frame of the input image signal 201 will
be discussed. First, when the odd field K2 is inputted, the
motion compensated prediction signal 204a from the odd field
K1 of the preceding frame stored in the odd field memory 28
is provided to the selector 21. In the same manner, the

35 even field Gl of the preceding frame stored in the even
field memory 29 is provided to the selector 21 as the motion
compensated prediction signal 204b. Then, the data of Kl

. " and Gl are applied to the interpolating section 20 and the
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(hereinafter, called inverted split bl ocking) where the pixels of Mpixels
Xx N2 lines belonging to the odd field are arranged in the upper or |ower
hal f bl ock, the pixels of Mpixels x N2 lines belonging to the even field
are arranged in the remaining half block-agd the pixels of either field are
inverted in the vertical direction with

-7- . interpolation processing as shown in Fig. 9 is conducted.

Thereafter, such data is supplied to the selector 21 as the
motion compensated prediction signal 204c. The selector 21
compares these three kinds of motion compensated prediction

5 signals 204a, 204b, 204c and the input image signal 201 to
select the prediction signal which has the minimum error
signal power.

In the same manner, the selector 21 is responsive
to the even field G2 of the current frame to receive the

10 prediction signal 204a based on the odd field K1 stored in
the odd field memory 28, the motion compensated prediction
signal 204b based on the even field Gl stored in the even
field memory 28, and the motion compensated prediction
signal 204c obtained by the interpclation process on the

15 basis of these motion compensated prediction signals 204a,
204b based on both fields, and to select the prediction
signal which has the minimum error signal power.

In this embodiment (Fig. 7), the interpolation
section is provided to conduct the interpolation processing

20 based on the motion compensated prediction signals 204a,
204b from the odd field memory 28 and even field memory 29
and thereby motion compensated prediction signal 204c is
produced. However, it is also possible that the
interpolation section 20 is not used as shown in Fig. 12.

25 In this case, the motion compensated prediction signal is
generated in the selector 21 on the basis of the preceding
odd field K1 stored in the odd field memory 28 and the
preceding even field Gl stored in the even field memory 29
and the selector 21 selects the prediction signal minimizing

30 the error signal power in these two kinds of motion
compensated prediction signals 204a, 204b.

Further, in the embodiment shown in Fig. 7, the
simple arithmetic mean has been used for the interpolation
section, but coding ensuring higher prediction efficiency

35 can be realized by utilizing a weighted arithmetic mean
taking into conslderation field distance, as will be
explained hereunder with reference to Fig. 13.

This Sheet Has Been Re 'i

(LT




respect: to the display screen. The obtai ned block is orthogonally
transforned the transformcoefficients are quanti zed, and then the

guanti zation index is encoded. According to the second aspect of the
present invention, the quantizing neans L%b_quantizing the transform
coefficient in the adaptive bl ocking i mage codi ng systemvariably controls

the quantization accyfjgcy 1ian 1aC @OLARRKE MWialgh a1 @ £t ¥RE eXamplieaBge FRR!

bl ocki ng- processed b% th blﬁcklng neans. More specifically, one of
the arrangenedtfSerROLEFIRG CAICHiduZC i dP& B O §OmRERSAted, pediction
bl ocki ng, spl istighladckioag, feom nher odd Faleilid Risoakilng pild edr biyogomelilght
transforned, th '

ndex | 5 encoel AeTh ¥hATSLANEIAPNG 4 Hhed HHt tadtoPdatOcotian ehY the

i nf or masi on, mediicat icogpensateldeprediction signal 204b from the even
field is multiplied by a weight B based on the distance to
the field to be encoded. Thereafter, the arithmetic mean of
these values is obtained and the output thereof is used as
interpolation predictive signal 204c.

10 The practical value of the weighting by the
interpolation section 20 in relation to the embodiment shown
in Fig. 13 will be explained with reference to Fig. 11.

As shown in Fig. 11, when T is considered a unit of
time for inputting an odd field or an even field, there is

15 a time difference of 2T between odd field K1 and odd field
K2. On the other hand, there is a time difference of T
between even field Gl and odd field K2. Thus, the weights «
and B can be determined by utilizing such time differences.
For example, since the odd field K1 has a time distance of

20 2T, the weight o is set to 1, Also, since even field Gl has
a time distance of T from odd field K2, the value of weight
can be increased for the field having the lesser time
distance by setting the value of 8 to 2. In the same
manner, odd field K1 has a time distance of 3T from even

25 field G2 and even field Gl has a time difference of 2T.
Thus, it is possible to give the value of weight which is
proportional to the time difference by setting « to 2 and B8
to 3 for weighting even field G2. .

In the embodiment shown in Fig. 13, the weights «

30 and B are determined in the interpolating section on the
basis of time distance. However, it is also possible that
the weight « to be given to the odd field is always set, for
example, larger or smaller than weight B to be given to the
even field regardless of the time distance. Further, in

35 this embodiment, weights o and B used for the odd fields
are different from those used for the even fields, but
the weights for the odd fields may be equal to those for

" the even fields. In addition, in this embodiment, only

R
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bl etki ng. According to the third aspect of the present invention,
the coding means for encoding the quantizing index produced when quantizing
the transformcoefficient in the adaptive bl ocking i nage codi hg system

determines the scanning sequence (path) fofjquantizing the transform
coefficient in accordance with the type of arrangenent to be

Plhocki Ng- pr ocesseghdy ¢ hendl okt lqus@dnsbut the wmletspmyfbe:adéyerrmnee@f
o e ncal B S nrn S PR PERE R R Mot e LG T LR B PCKI N0
ort hogonal | y taamséffrmibntrthImmsdoquade¢i¢cf@mntlgnq®anamQ@MBrand the
dequence Tn actarbEkEl THTIY Rk LR EETLhERRL 08 Frebe Sy AafedurPoanning
bl ocki ng5 weights « and 8 do not have to be restricted only to one

kind of value; it is possible that several kinds of weights

« and B are prepared and selected in accordance with the

kind of input signal or the characteristic of input signal.

Another embodiment of the present invention will be
10 explained with reference to Fig. 14.

The embodiment shown in Fig. 14 comprises a blocking
selection section 82 for selecting between an individual
blocking of a prediction error signal for the odd and even
fields and a non-interlace blocking including both odd and

15 even fields; a blocking forming section 83 for conducting
the blocking in accordanée with the output of the blocking
selection section 82; and a blocking decomposing section 84
for decomposing the blocking to form the original field in
accordance with the block selection output. Section 400

20 enclosed by a broken line denotes blocking means and the
other sections 200, 300, 500 are similar to those shown in
Fig. 7.

Fig. 15 is a block diagram of an example of the

blocking selection section 82. The prediction error signal

25 205 is stored in the odd field memory 31 for the odd field
and in the even field memory 32 for the even field. As
shown in Fig. 16(a) and 16(b), a block of p = 16, q = 16 1is
considered. The individual field blocking section 33
executes the blocking including the pixels of either of

30 the odd or even field within the block of (p pixels X q
lines), and these pixels are encoded in a coding section 35.
As shown in Fig. 16(c), a non-interlace blocking section 34
executes the blocking of (p pixels X q lines) included in
the block by alternately arranging the pixels of both odd

35 and even fields, and these pixels are encoded in a coding
circuit 36. The information quantity comparing section 37
compares the quantity of data encoded in the coding section
35 and the coding circuit 36, and outputs a blocking
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Accordi'ng to the fourth aspect of the present invention, the adaptive

bl ocki ng i mage codi ng system conpri ses bl ocking determ ning neans for
selecting the type of arrangenent to be bl ocki ng-processed in accordance
with the value obtained by nmultiplying a pgedeterm ned wei ghti ng
coefficient with the pixels of each line included in the block and then
totaling such selécplordsyghabs211l indicating the blocking having the

10

15

20

25

30

35

least amount of information.

Fig. 17 is a block diagram of an example of the
blocking forming section 83. The prediction error signal
205 is stored in the odd field memory 41 for the odd field
and in the even field memory 42 for the even field. In
accordance with the blocking selection signal 211 supplied
from the blocking selection sectioﬁ 82, the blocking forming
section 43 selects the blocking of the prediction error
signals stored in the odd field memory 41 and even field
memory 42 from the blocking including pixels of either of
the odd or even field within the block of (p pixels X g
lines) and the blocking including pixels of both odd and
even fields within the block of (p pixels X q lines), and
then outputs the blocked prediction error signal.

Fig. 18 is a block diagram of an example of the
blocking decomposing section 84. The data decoded by
a local decoding circuit 25 is applied to the blocking
decomposing section 44 in which the blocking is decomposed
in accordance with the blocking selection signal 211 from
the blocking selecting section 82, and the decomposed block
is then stored in the individual field memories 45, 46. The
stored data is supplied as a decoded error signal 207.

The operation of this embodiment is explained
hereunder.

The prediction error signal 205 obtained by
subtracting the prediction signal 210 from an input signal
201 in a difference circuit 23 is sent to the blocking
forming section 83 shown in Fig. 17 and to the blocking
selection section 82 shown in Fig. 15. The blocking
selection section 82 produces the blocking selection signal
211 for selecting the blocking including the pixels of
either the odd or even field in the block of (p pixels X g
lines), or the blocking including the pixels of both odd and
even fields in the block of (p pixels X q lines). The
blocking forming section 83 conducts individual field
blocking or non-interlace blocking in units of (p x q)

" blocks in accordance with the blocking selection signal 211.
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More particularly, one of the arrangenments to be bl ocki ng-processed by

i ndi vidual field blocking, non- interlace blocking, split blocking, or
inverted split blocking is selected by the value obtained by nultiplying
the predeterm ned wei ghting coefficient wpB-the pixels of each line

I ncluded in the block and then totaling such nmultiplied values. The

sel ect ed bl ockThe bibbkgdnallkpalr dnshppintdd tbe theacstldng cdethilci 84t | The

quanti zed and g@aﬁggagab%keg bﬁdg?ehatgn%RgegrtPo&gngﬂo%&gﬁg?Bgmtthhgends

fifth aspect o resent inven the a ng 1 mage
system al so coﬁbﬁl§é§0éeﬁl6@Eﬂn§0§ewéiﬁbnﬂﬁganésnéaroﬂugéﬁé@?ﬂngFﬁnéfpype

of arrangenent cyBirefchagtt B8 Hb@hnuﬂbcgstanca%ebdﬂﬁge%eeklénp&gdshar%h@ed
N gh frequency o e R na 208108 2s.

After the inverse scalar-quantization and inverse
orthogonal transform by the local decoding section 25, the
data is decomposed into the odd and even fields in the
blocking decomposing section shown in Fig. 18 which

10 decomposes the blocking into the fields in accordance with
the blocking selection signal 211 in order to obtain the
decoded difference signal 207. The local decoded signal 208
obtained by adding a predictive signal 210 to the decoded
difference signal 207 in the adder 207 is stored in the

15 first field memory 28 when it is the odd field or in the
second field memory 28 when it is the even field, to
detect the motion of each field of the next frame.

In this embodiment, a unit of blocks is formed of
p =16, g = 16, but it is desirable that the values of p

20 and q have the following relationship with the block size
n X m used by the motion detecting section 22 as explained
in the embodiment shown in Fig. 7:

P =n, q = 2m

Since DCT transform is often carried out in the block

- 25 unit of 8 pixels X 8 lines, the size of 16 pixels x 16 lines
combining four block units is selected as the values of p
and q in the blocking forming section. In this example,
since P = n, n = 16 pixels. Also, since q = 2m, m = 8.
Thus, it is desirable that the number of lines be reduced

30 to 8 because the motion detecting section 22 detects motion
for both the odd and even fields. Meanwhile, since it is
possible to employ the blocking combining the odd field and
even field in the blocking forming section, it is desirable
to form a block of 18 lines including the odd and even

35 fields. |

In the embodimept shown in Fig. 14, the blocking has
been selected by comparing the quantity of information

" generated as showh in Fig. 15, but coding based on the
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trarisf orm coefficients obtained by discrete cosine transform of the bl ock.
In other words, one of the arrangenents to be bl ocki ng-processed by

i ndi vidual field blocking, non- interlace blocking, split blocking, or
inverted split blocking is selected in suepga nmanner that the coefficient
power of the predeterm ned high frequency el enment conponent is the m ni num
anong the trangtatintgoeffencedisgobani bedrbyldizedr Byyesebscnengr ansf or m of

the block. The,debeibnel phackal?sCLkhogoaLhualt a0a" gbMEfloohl faRTIEY™

coefficient is quan e quantizrng
According to th8 SheWa aspﬁés ol8the present invention, there is provided a

coding system whi ch | pdiyi dyaiLyasgaseReaLbBeaioblObn! ERERBOL opdghand even
fields of the already encoded frane in orde predict the field to be

encoded, 5t he s9§96hﬂ8§nﬁFF§Fﬁb°Ph§eFBFPBmﬂﬁg The predicting error signal
205 is stored in the odd field memory 51 for the odd field

and in the even field memory 52 for the even field. The
individual field blocking section 53 realizes the blocking
including the pixels of either the odd field or the even
10 field within the block of (p pixels x q lines), and the
coding/decoding section 55 enables encoding/decoding. At
the same time, the non-interlace blocking section 54
realizes the blocking including the pixels of both fields
within the block of (p pixels X q lines), and the
15 coding/decoding circuit 56 enables coding/decoding. The
difference between the encoded/decoded data of the
individual field blocking and the data just before the
encoding is compared with the difference between the
encoded/décoded data of the combined field blocking and the
20 data just before the encoding, by the error comparator 59 in
order to select the blocking with less errors and to provide
an output as the blocking selection signal 211.
In the embodiment shown in Fig 14, the quantity of
generated information has been compared for the selection
25 of the block, while in the embodiment shown in Fig. 19, the
encoding errors have been compared. However, encoding with
higher efficiency can be realized when conducting encoding
utilizing the orthogonal transform, by selecting
the blocking on the basis of the comparison of frequency
30 components produced by the difference of blocking as shown
in Fig. 20.
Fig. 20 is a block diagram of an example of the
blocking selection circuit 82. The predicting error signal
205 is stored in the odd field memory 61 for the odd field
35 and in the even field memory 62 for the even field. The
individual field blocking section 63 executes the blocking
including the pixels of only either the odd field or even
" field within the block of (p pixels x q lines), and a
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el érrent‘s: (a)
encoded; (b)

I nput means for inputting an input signal to be
a field nenory for storing signals based on the input

signal by dividing it into a plurality of fields such as the odd
field and even field; (c) predictive sigag out put means for outputting

predictive signals of a plurality of types

10

i5

20

25

30

35
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redicting

frequency analyzing sectlion 65 such as that shown in Fig. 21
executes the frequency analysis. The non-interlace blocking
circuit 64 executes the blocking including pixels of both
fields within the block of (p pixels X q lines), and a
frequency analyzing circuit 68 such as that shown in Fig. 21
executes the frequency analysis. The blocking with fewer
high-frequency components is selected from the individual
field blocking and the combined field blocking to output the
blocking selection signal 211.

Fig. 21 is a block diagram of an example of the
frequency analyzing sections 65 and 66. The signal obtained
by individually blocking the odd and even fields from the
individual field blocking circuit 63, and the signal
obtained by blocking the pixels of both odd and even fields
from the non-interlace blocking section 64, are supplied
to sections 65 and 86. These signals are converted to
a signal in the frequency domain from a signal in the pixel
domain using the orthogonal transform 68. The high-
frequency components are extracted from the converted signal
in the frequency domain by a high-frequency component
selector 89 and the extracted high-frequency components
are totaled b&’a high-frequency component accumulator 70.
The accumulated high-frequency components are compared in
a high-frequency component comparing section 67 to select
the blocking with fewer amount high-frequency components.

'Fig. 22 shows an example of the components
accumulated by the high-frequency component adder 70 from
the orthogonal transformed frequency domain signal. Here,
eight components, for example, having the maximum frequency
component in the vertical frequency component, are selected.

In this embodiment, the coding section 24 does not
use the selection information of predictive signals or
the selection information of blocking, but according to
another embodiment shown in Fig. 23, finer control is
possible and high encoding quality can be realized by
inputting an output of the selector 11 as the selection

signal for the predictive signal and the blocking selection

signal as the selection signal for the blocking to the

I



t he* change of input signal on the basis of signal stored in the field
menory; (d) a selector for selecting a predictive signal fromthe

predictive signals provided by the predictive signal out put neans;
and (e) codi ng nmeans for encoding the inpgt signal using the
rel ati onshi p between the predictive signal selected by the sel ector

and the input sogpag seonibhe2dnpnd by contﬁaﬁnsng the en¥édbnguch an
egardl ess of ferancer SRELAFLER B5C eRFRetharbr shEE P atk AT ofd or The
al ready encodethér anfofmatibe ofir ppeseseieptedi blocking.
As explained above, the embodiment of Fig. 7 relates
5 to a system for realizing predictive coding of an input
image signal obtained by the interlaced scanning method with
the motion compensation. The system Includes motion
detecting means for obtaining, for the odd or even field
of the input image signal, the amount of displacement, in
10 order to carry out the individual motion compensated
prediction, in units of the block of (n pixels X m lines)
(n and m: positive integer) from both the odd and even
fields of the already encoded frame, and the prediction
error signal output means for selecting, with a selector 21,
15 the predictive signal indicating the optimum prediction from
signals including a first predictive signal 204a obtained
by the motion compensation from the odd field, a second
predictive signal 204b obtained by the motion compensation
from the even field, and a third predictive signal 204c
20 obtained by interpolating the first and second predictive
signals in order to obtain the difference from the field of
the input signal and output the result as the prediction
error signal.
Moreover, the embodiment of Fig. 7 is an adaptive
25 field/frame coding system characterized in that the
interpolation means for obtaining the third predictive
signal is the simple arithmetic mean of the first predictive
signal and the second predictive signal.
Thus, the hardware can be minimized in size and
30 encoding with higher prediction efficiency can be realized
by generating an interpolation signal of the predictive
signal by simply obtaining the arithmetic mean of both
predicted odd and even fields with motion compensation.
Further, the embodiment of Fig. 13 is an adaptive
35 field/frame coding system characterized in that the
interpolation means for obtaining the third predictive
signal is the weighted arithmetic mean of the first
" predictive s;g§al and the second predictive signal, also
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Accordi'ng to the seventh aspect of the present invention, the coding system
Is structured to realize adaptive prediction fromthe searched tw ki nds of
notion conpensated predictive signals and a plurality of predictive signals
conbining interpolation signals of these apytd on conpensated predictive
signal s. Since the coding systemas constructed utilizes a
predictive sigmalsiptexdinpedisy tinecrdia tainoeg dfhethay efdiedid Wsexd gfioed s from

both fields of_th | ready enco fr , ti,on at t 18 i nt er medi ate poi nt
of time and spta{ke%o‘?aec{%cgﬁtom%%ﬁdej&g‘se L@gegqo tbne erflrco iion can be

consi dered. Moreover Thud s ezmﬁd‘igxgswtmiaigsore‘nmdtﬂain@miacﬂm pa'ss
fliier, Jwher Sy d 18 A Gl e &l RO Yol d Rl Qied

i mage i s stabi I'ng to the el s ect o the resent

i nventi oh, the%wmhgfrsq;%t'@rﬁ és@elcﬁhfe%d tatfelfé}W%gneaﬂbrOf both predicted

odd and even fields with the motion compensation, while
considering the time distance of the field used for the
prediction and the field to be encoded.
The embodiment shown in Fig. 14 is an adaptive
10 field/frame coding system comprising means for enabling
encoding by selecting blocking including the pixels of
either the odd field or even field within the block of
(p pixels x q lines), or blocking including the pixels
of both odd and even fields within the block of (p pixels
15 X g lines), in order to encode the prediction error signal
for the odd and even fields of the input image signal in
units of the block of (p pixels X q lines) (p and q:
positive integer).
Moreover, the embodiment shown in Fig. 14 is an
20 adaptive field/frame coding system characterized in that the
blocking means for enabling encoding while selecting the
blocks comprises selecting means for selecting the blocking
with less information for encoding from blocking including
the pixels of only one of the odd field and even field
25 within the block of (p pixels x q lines), and blocking
including the pixels of both odd and even fields within the
block of (p pixels X q lines). |
The embodiment shown in Fig. 19 is an adaptive
field/frame coding system characterized in that the blocking
30 means for enabling encoding while selecting the blocks
eomprises means for selecting the blocking with less
encoding error from blocking including the pixels of only
one of the odd field and even field within the block of
{p pixels X q lines), and blocking including the pixels of
35 both odd and even fields within the block of (p pixels X q
lines).
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exanple encoding prediction error signals, by adaptively switching the
encodi ng operation from bl ocking of the pixels of only the odd field or
even field of the frame for encodenent to bl ocking of both odd and even
fields for encodenent, the systemconprisigg-the follow ng el enents: (a)

I nput means for inputting an input signal to be encoded by dividing
into a plurality of fTleé¢demisodiment shovws am PIg. f2@! Os adxtl £yeptfvel d;

field/frame coding system characterized in that the blocking
means for enabling encoding while selecting the blocks
comprises selecting means for selecting the blocking with

5 less high-frequency components included in the signal to be
encoded from blocking including the pixels of only one of
the odd field and even field within the block of (p pixels x
q lines), and blocking including the pixels of both odd and
even fields within the block of (p pixels x q lines).

10 In addition, the embodiment shown in Fig. 23 is an
adaptive field/frame coding system characterized by enabling
encoding while selecting the quantization characteristic of
the transform coefficient in accordance with the selected
predictive signal and the selected blocking, in the case

15 of employing the orthogonal transformer and carrying out

~encoding by the quantization of transform coefficient in the
coding section for the encoding in units of the block of
(p pixels x q lines).
In the above embodiments, an input image signal 201

20 is formed of the frame including the odd field and even
field. However, the use of the odd field and even field
is intended to show only an example, and the field is not
restricted to the odd or even field. The present invention
can be useful whenever one frame is divided into fields, the

25 odd field and even field being only examples of such fields
of a frame. For instance, the present invention can also be
applied to a case of storing data by dividing the frame into
two fields every two lines by, for example defining the
first field as the 1lst and 2nd lines and the second field

30 as the 3rd and 4th lines, and defining the first field as
the 5th and 6th lines and the second field as the 7th line
and 8th line, etec. Moreover, in addition to dividing a
frame into two kinds of fields, such as the odd field and
the even field or the first field and the second field, the

35 present invention can also be applied to the case of
dividing a frame into more than two fields, for example,
three or four kinds of fields. In such a case, the number

" of field memorles corresponds to the number of kinds of
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-10-  ('b) a bl ocking selection section for selecting, .at the time

of bl ocking and encoding the signal fromthe | nput neans, a bl ock
suitable for the encoding bet ween the bl ock consisting of the signal
of only one kind of field and the blagk consisting of the

signal conbining signals of a plurality of fields; (c) a bl ock form ng
section for fofielndsa didckthsgontessing exphyinde dboecki hy sateibédosut

section; and ( codi ans for encoding a block fornmed by the bl ock
form ng sectioﬁ(.gr ea§§ Pﬂ%gfboding system havi ng such a structure provi des
hi gh efficiency encodlmgthy akdeectéemppdimemtockting hethingoseleutiaml e for

the encoding, fefriol! SCKEOTs e PhXELSIOF From two kinds of blocking,

5 including the blocking of the pixels of only one of the odd
field and even field and the blocking of the pixels of both
odd and even fields. However, the blocking may include
various combinations when two or more fields are prepared
in addition to the odd and even fields. The blocks shown in

10 Figs. 18 (a), (b}, (c) are only examples and various block
forming methods may be used to form the block other than the
blocks of Fig. 186.

In the above embodiments, the blocking means shown
in Fig. 14 is used with the prediction error signal output

15 means and motion detecting means. Even if the sections
other than the blocking means 400 are replaced with
conventional means, the 8th and 9th aspects explained above
can be provided. _

According to the 6th and 7th aspect explained above,

20 a stable encoded image with high efficiency can be obtained
by individually searching the motion from each field of the
already encoded frame to predict each field and by
conducting adaptive prediction from the searched motion
compensated predictive signals (and interpolation signals}).

25 In addition, according to the 8th and 9th aspects
explained above, a stable encoded image with high efficiency
can also be obtained by adaptively'selecting the encoding
from the blocking of the pixels of only one of the fields of
the frame to be encoded, and the encoding after conducting

30 the blocking of the pixels of the respective fields when
encoding the prediction error signal.

35
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onl'y either of the odd field or even field, or blocking the pixels of both
odd and even fi el ds. According to the ni nt h aspe resent

i nvention, the coding systemal so conprises a concrete @mlﬂ

adaptively swtching the block selection._gfis selectl any
one of the follow ng selecting mans: (a) sel ecting neans for selectlng

the block wthclildems: | east anmount of encoding information froma

I lit - ki nds_of .bl t f | ect th
Bl ock with thels - RpcadepBRYt bEdekLRE HRAES crPRPRE FORE &R of OF arfppdine
ki nds of bIockanaﬁdpﬁt)lmaseletrnmg obbainédrbgeiptérhgcedesbmokngi ih t he
| east anount o, PLgNa b eAUEBELcLOBPORCRIRL 8 MR 1ines, SLHPALsIREPC

encoded fron1a p UF af’ Ity
blocking means for selectively forming a first type

block including only the pixels of M pixels x N lines
belonging to the odd field of the input image signal or the
pPixels of M pixels X N lines belonging to the even field
thereof, a second type block wherein the pixels of the M
10 pixels X N/2 lines belonging to the odd field and the pixels
of the N/2 lines belonging to the even field are arranged
alternately in every other line corresponding to scanning
positions on a display screen, a third type block wherein
the pixels of M pixels X N/2 lines belonging to the odd
15 field are arranged in the uppef or lower half of the block
and the pixels of M pixels X N/2 lines belonging to the even
field are arranged in the remaining half of the block, and
a fourth type block wherein the pixels of M pixels x N/2
lines belonging to the odd field are arranged in the upper
20 or lower half of the block, the pixels of M pixels X N/2
lines belonging to the even field are arranged in the
remaining half of the block and the pixels of either field
are inverted upside down in the wvertical direction with
respect to the display screen;
25 blocking determining means for determining the type
of blocking by said blocking means;
transform means for orthogonally transforming the
block formed by said blocking means;
quantizing means for quantizing the transform
30 coefficient obtained by said transform means; and
coding means for encoding the quantized index
obtained by said quantizing means.
2. An adaptive blocking image coding system according to
Claim 1 wherein said quantizing means for quantizing the
35 transform coefficient variably controls the quantization

accuracy in accordance with the type of arrangement provided
by said blocking means.
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The codi ng system having such a structure enabl es adaptive sw tching df t he
bl ocking by selecting the blocking with Iess encodlng

bl ocking with | ess encoding errors, or the blocking w cﬂg“&@‘“ﬂm\‘ “m
1

frequency conponents included in t he si gr@1-to be enco

om*t he

bl ocki ng of the pixels of one of only the odd or even field or the bl ocking
of the pixels &f bot Anocdaptd vev élolckdngs image coding system according to

10

15

20

25

30

35

Claim 2 wherein said coding means for encoding the quantized
index obtained by quantizing said transform coefficient
determines the scanning sequence of quantizing the transform
coefficient in accordance with the type of arrangement to be
blocked by said blocking means.

4. An adaptive blocking image coding system according to
Claim 2 further comprising blocking determining means for
determining the type of arrangement to be blocked in said
blocking means in accordance with the value obtained by
multiplying a predetermined weighting coefficient with the
pixels of each line included in the block and then totaling
the multiplied values.

5. An adaptive blocking'image coding system according to
Claim 2 further comprising blocking determining means for
determining the type of arrangement having the minimum
coefficient power of a predetermined high-frequency
component among the transform coefficients obtained by the
discrete cosine transform of the block.

6. A coding system comprising:

(a) input means for inputting an input signal to be
encoded; _

(b) a field memory for storing the input signal by

dividing said signal into a plurality of fields such
as the odd field and even field;

(c) predictive signal output means for outputting
a plurality of predictive signals predicting the
change of input signal corresponded to each signal
stored in said field memory;

{d) a selector for selecting a predictive signal from the
predictive signals provided by said predictive signal
output means; and

(e) coding means for encoding the input signal using the
relationship between said predictive signal selected
by said selector and the input signal from said input
means.

7. A coding system according to Claim 6 further

"comprising an interpolation means for outputting an
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The-invention will be rmore fully understood fromthe followng detalled
description and the acconpanying draw ngs in which:

bl ock di agram of an i mage codi ng systemin the prior e“"‘!"ﬂf,"ill" ! IHE
a diagram for explaining non-interlace bl.ogking; gram
for explaining an adaptive blocking of the prior art; Fig. 4is a
bl ock di agr am showi peLabedspreet et Bvel s Bgwd heln CoesPonsystenppédt betl e i or
art; signals of a plurality of types from said predictive signal
output means.
8. A coding system comprising:

5 (a) an input means for inputting an input signal to be
encoded by division into a plurality of fields, such
as an odd field and even field;

{b) a blocking selection section for selecting, at the
time of blocking and encoding the signal from said
10 input means, a block suitable for the encoding
from the block consisting of the signal of only one
kind of field and the block consisting of the signal
combining signals of a plurality of fields;

(c) a block forming section for forming a block selected
15 by said blocking selection section; and
(4) coding means for encoding a block formed by said
block forming section.
9. A coding system according to Claim 8 wherein said
blocking selection means comprises at least one of the
20 following selecting means:
(a) selecting means for selecting, from a plurality

kinds of blocks, the block with the least amount of
encoding information generated;

(b) selecting means for selecting, from a plurality kinds
25 of blocks, the block with the least amount of
encoding errors; and
{c) selecting means for selecting, from a plurality kinds

of blocks, the block with the least amount of high-
frequency components contained in the .signal to be

30 encoded.

10. A coding system according to Claim 7 wherein said
interpolation means produces the interpolated signal by
computing the arithmetic mean of the plurality of predictive
signals.

35 11. A coding system according to Claim 7 wherein said
interpolation means produces the interpolated signal by
computing the arithmetic mean of the plurality of predictive

" signals weighted by predetermined weighting factors.

This Sheet Has Been Reﬂ

- [



Fig® 57s a block diagramof an enbodi nent of the present invention;
Fig. 6 is a diagramfor explaining adaptive blocking in the enbodi nent

shown in Fig. 5; Fig. 7 is a block diagram showi ng the structure of
an adaptive field/franme codi ng system of aggther enbodi nent of the present
I nventi on; Fig. 8 is a diagram show ng an exenplary input inmage

si gnal ; Fig. 9 is a bl ockMaGRgS BEBNALOQODINENS¥STREMI e of t he

structure of Rod TP 1Y SEGL Sughown 10 Fig. T L Fig 10 1S @
diagramfor e a notion detecting circuit
Fig. 11 is a di agramA»raeaptbyeihtpekinpperdingnsystenssageatsoanon
conpensat ed prepf&étyee Shodking &€k ™R FehagBoWR h1FtE: bd' encoded
5 in accordance with the correlation between fields, even if
motion is detected between the fields. The blocking
patterns include an individual field blocking, a non-
interlace blocking, a split blocking and an inverted split
blocking. Further, the coding system searches for motion
10 from both odd and even fields of a frame for producing

a motion compensated prediction signal in order to provide
high-efficient coding.

15
20
25

30

"

35



Fig.* 12-is a bl ock diagram showi ng the structure of an adaptive field/frame
codi ng system accordi ng to another enbodi nent of the present invention;

Fig. 13 is a block diagram show ng anot her exanple of the interpolating
section; Fig. 14 is a block diagram show ng an adaptive field/frane
codi ng system accordi ng to enbodi nent of{ tfie present invention; Fi g.

15 is a bl ock diagram showi ng an exanpl e/Pff the structure of the bl ocking
sel ection section;
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-12- Fig. 16 is a diagramshow ng a structural exanple of the bl ock
sel ect ed by the bl ocking selecting section; Fig. 17 is a block

di agram showi ng a structural exanpl e of t he bl ocki ng form ng section:

Fig. 18 is a block diagram show ng a structural exanple of the bl ocking

deconposi ng secti on; Fig. 19 is ock di agram showi ng anot her
structural exanple of the blocking sel ecfPlg section; Fig. 20 is a
bl ock di agram showi ng anot her structural exanple of the bl ocking selecting
secti on; Fig. 21 is a block diagram showi ng a structura

F. ig. 2 (PRIOR ART)
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exanple of the frequency anal yzi ng section; Fig. 22 is a diagram
showi ng an exanpl e of the accumul ated frequency conponents; and Fig.
23 is a bl ock diagram showi ng anot her structural exanple of the present

i nventi on. Referring to Fig. 5,_an enbodi ment of the present

I nvention is shown as an adaptive blockiﬁgginage codi ng system In Fig. 5,
the i mage codi ng system conpri ses a non-Zigaw erl acing section 1 for
conducting non-interlace processing; a blocking determ nation section 8; an
i ndi vidual field blocking section 4; a non-interlace blocking section 3; a

split blocking section 9; an inverte pI|t ocki ng section 10; an
ort hogonal transform section 11; a sEPRIOR 12ARANH codi ng section
13. Such
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various types of blocking are shown in Fig. 6. Figs. 6A - 6D show

I ndi vidual field blocking non-interlace blocking, split blocking and

i nverted split blocking, respectively. The operation will be
explained with reference to Fig. 5 and Figs. 6A - 6D. The input inmge
signal series 100 which is scanned by tE%/(nterlace scanning nmethod and is
i nputted field by field is converted int624 non-interlaced signal 101 in
the non-interlace section 1. Fig. 2 shows a profile of non-interlace
processing in the prior art simlar to the non-interlace processing in the
present invention. Wien (A) is defined as an input inmage signal fromthe
odd field and (B) 8? an i nput inage signal
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-13- .of the even field, the non-interlaced signal 101 shown in (O,
alternately conbining the lines fromrespective fields, can be obtai ned.
The individual field blocking section 4 executes, as shown in Fig. 6(A),

bl ocking in which the fields are processed individually. This blocking is
effective when the correl ati on between t fields is not avail abl e because
of qui ck notion. The non-interl ace®df ocki ng section 3 executes the
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The wavel engt h of the signal
noncont i nuous when non-interlace blocking is carried out.

bl ocking shown in Fig. 6(B).

conti nuous i mage can be obtai ned by non-
successi ve transform codi ng.

the bl ocking as showmn in Fig. 6(C).
where the correl ati on between the fields

fields.
6(D).
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di scontinuation at the center of the block when the split bl ocking nethod
i's used. The bl ocking determ nating section 8 determ nes the optinum
bl ocking froma plurality of blockings as expl ained above and out puts a

bl ocki ng arrangenent sel ecting signal 102 for selecting the determ ned

bl ocking. Here, it is inportant to enhaﬁZQ/the concentration of power, on
the | ow frequency coefficients in the trd@form coding. For this purpose,

it is effective to evaluate the anplitude of high frequency conponents in
each bl ocking and sel ectf the bl ocki ng having the m ni num anplitude.

In one of the eval ' net hods, a weight is multiplied wwth the pixels of

each line and the taj@pd
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-14-  values are then totaled. For exanple, the weight of +1 is given to
the lines 0, 2, 4, 6 using the |ine nunbers shown in Fig. 6, and the wei ght
of -1 is giventothe lines 1, 3, 5, 7. Thereafter, the obtained values are
totaled to obtain the absolute value of the sum Nbreover, the weight +1 is
given to the lines 8, 10, 12, 14, and tgﬁ/ﬁeight -1 is given to the lines
9, 11, 13, 15. The obtained val ues are 21 totaled to also obtain the
absol ute val ues of the sum

Fig. 8
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Bot h .absol ute values are total ed. Thus, the weighting is inverted
alternately for respective lines and it is equivalent to the eval uation of
t he maxi num frequency conponent when non-interlace bl ocki ng has been

conduct ed. Further, the weight +1 is given to the lines 0, 4, 8, 12
and the weight -1 to the lines 2, 6, 10,914. The obtai ned val ues are
totaled to obtain the absol ute val ue of sum In addition, the weight +1

is given to the lines 1, 5, 9, 13 and the weight -1 to the lines 3, 7, 11,
15. The obtained values are then totaled to obtain the absol ute val ue of
t he sum These Ehsol u val ues are gl@ Clt otaled to eval uate the maxi mum
frequency conp éhe i ndi vi du bl ocki ng. I n addition,
the weight +1 is ven to the lines 0, 4, 1} 5 and the weight -1 to the
lines 2, 6, 3, 7. The obtained values are tptaled to obtain the absolute

val ue of 5
- —T

204c

204b

INTERPOLATION SECTION

Fig. 10

ODD FIELD IN THE PRECEDING FRAME

m

(]‘5? L

ODD FIELD IN THE PRESENT FRAME

77
LY l
Yy
71 ]
R |
=}

f
L
V)

Hi--
Replaced

i



the sum The weight +1 is also given to the lines 8, 12, 9, 13 and the
weight -1 to the lines 10, 14, 11, 15. The obtained values are totaled to
obtain the absolute value of the sum Both absol ute values are then total ed
to eval uate the maxi num frequency conponent of the split bl ocking.

The weight +1 is given to the lines 0, 4407 3 and the weight -1 to the
lines 2, 6, 5, 1. The obtai ned val ues ar?/égtaled to obtain the absolute
val ue of the sum Moreover, the weight +1 I's given to the lines 8, 12, 15,
11 and the weight -1 to the lines 10, 14, 13, 9. The obtai ned val ues are
totaled to obtain the absolute value of the sum These absol ute values are
totaled to eval uate the maxi num frequency conponent of the inverted split
bl ocki ng.

Fig. 11
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| n another nmethod for evaluation of each bl ocking, the nunber of orthogonal
transforned coefficients having an anplitude |arger than a predeterm ned
threshol d value for the respective blockings is counted, and the bl ocking
havi ng the m ni mum nunber is sel ected. The orthogonal transform
section 11 carried out the orthogonal tddpsSformof the selected block to
obtain the transformcoefficients. The P4i ned transform coefficients
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are quantized in a fixed sequence by the quantizing section 12. In this
case, sone difference lies in the power of the coefficients depending on
the type of blocking. In general, non-interlace bl ocking tends to be
selected for a stationary region and the power is conparatively small
Meanwhi | e, since the correlation between{pi&lds becones snmall in a quick
nmotion area, individual field blocking is/ften selected and the power is

| arge. Moreover, split bl ocking and |nverted split bl ocking are considered
to be intermediate to the above two bl ockings. Therefore, efficiency can be
i nproved by variably controlling quantization accuracy in accordance with
the type of bl ocking. The quanti zi ng accuracy can al so be controlled
variably in accordance with not only the type of blocking but also the
conbi nati on of actual signal power and

Fig. 13
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quanti.zation error power. In this case, it _is also possible to execute
vari able | ength coding by conbining the information indicating type of

bl ocki ng and the information indicating quantization accuracy.

| ndexes obtai ned by quantizing the coefficients are encoded in the coding
section 13. In this case, the coefficien{3d are scanned fromthose having a
| arger coefficient power to those having Zgnaller one in order to enhance
the efficiency of encoding. For the coefficients having a power |ower than
a certain specifiedgyal ug, the encoding may cease. Therefore, it is very
convenient if the p | stribution can be anticipated. There is a

tendency with respect [to t di stribution of power of the coefficients that
the power is incregased %g the frequency
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s lower. However, if the blocking is adaptively changing as in the present
I nvention, the coefficients having | ower power do not always correspond to
| ow frequency conponents. Then, the coding efficiency can be inproved by
changi ng the scanni ng sequence or path in accordance with the type of

bl ocki ng. Since the present invenyjgon is structured as

21

211
A

&
Y E > 2
< tIEE
gE g
253
Z 00
| t
©
!‘m)w (0 (O )
= 2 pd
~ S |5 o
|._
& (&)
T
§ L) 7y
O LL} 2
B~~~ Z|12 I o
qRE s
- o (&)
<9 RS, Ld
0N 2 @| [EZ o
|- 2 Y
- o cJ o
.9 Z L] [=m =
] X
S
|
m
~~ — |~
"ld x| |2 "
T Eg L @
= < S
a h =
Q u S W
o = u =
]
0N
@)
N
This Sheet Has Been Repl

.l

|

|

i



expl ai ned above, the follow ng effects can. be obtained. The codi ng
efficiency of transformcoding is inproved by switching the bl ocking of an
i mge signal scanned by the interlaced scanning nethod into an adapted

bl ocki ng. Moreover, the efficient assignnent of information quantity can be
realized by variably controlling the quaggizi ng accuracy of transform
coefficients correspondingly to the sw tchpng of the blocking. In addition,
t he encoding efficiency can al so be inproved in transform codi ng by
changi ng the scanni ng sequence of the transform coefficients within the

bl ock. Referring nowto Fig. 7, a structural diagramof an adaptive
field/frame coding systemaccordingtrB no’ggg enbodi nent of the present

i nvention is shown. The system i ncltud g;an field nmenory 28 for storing
| ocal decoded signals of odd fields, an even fiekg)quﬁgy 29 for storing
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| ,ocal .decoded signals of even fields, an interpolation section 20 for

I nterpolating a predictive signal with notion conpensated fromthe two
fields, and a selector 21 for selecting a predictive signal which gives the
optinmum prediction fromthree signals of the signals predicted fromthe odd
and even fields and the interpol ated pregggotive signal. In Fig. 7, sections
200, 300 and 500 encl osed by a broken Ili {espectively denote notion
detecting neans, predicting error signal output nmeans and codi ng neans.

Fig. 8 shows a profile of input inmage signals 201 which are scanned by the
i nterl aced scanni ng nmet hod, wherein odd even fields are alternately
applied. Fig. 8 shows the fields in gg oifdfnates where tine is plotted
on the horizontal axis and verti cal d|r tion on the vertical axis. In Fig.
8, Kl indicates an odd field of the
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-17- - first frame, while Gl, an even field of the first frame. In the sane
manner, K2 is an odd field of the second franme, while &, an even field of
t he second frane. Fig. 9 is a block diagram of an exanple of the

i nterpol ati ng section 20. A sinple arithnmetic nmean of the notion

conpensat ed prediction signal 204a fromt}t I nputted
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odd ftelds and the notion conpensated prediction signal 204b fromthe
inputted even fields is obtained and is used as an interpol ation predictive
si gnal 204c. The operation will be explained with reference to Figs.
7, 8 and 9. Mdtion of the odd fields and even fields of the present frane
inrelation to the preceding frane is de’ cied in units of blocks including
pixels (n x mM in response to the input ;géée signal 201 which is scanned
by the interlace scanning nmethod and i ncfuttes the odd and even fields
alternately. The notion of the odd fields between the present and the
preceding frames is detected by searching, in the notion detecting section
22, the block which nost resenbles the carrgntly processed block in the

i mge signal 201 fromthe bl ocks adjacerth™202a to the position
corresponding to the currently encoded € t he al ready encoded odd

fields stored within the odd O
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field henory 28. As shown in Fig. 10, for exanple, it is assuned
that imge Hl exists within one block unit (n x m in the preceding frane,
and the image noves to position H2 fromposition HL in the present input

i mage signal. The notion detecting section 22 outputs a -notion vector 203
whi ch indicates the block has noved horipgptally to H2 fromHl. In this
case, since notion is not detected in the rtical direction, the notion
vector 203 has the value of O with regard To vertical direction. The notion
in the horizontal and vertical directions thus obtained is outputted as the
notion vector 203. The odd field nenory 28 outputs a notion
conpensated prediction signal 204a corresponding to this notion vector 203.
Simlarly, conmpensation for notion of the even fields in the preceding
frame is carried out in the notion
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18-« detecting section 22, by searching the block resenbling the currently
processed bl ock fromthe adjacent blocks 202b within the even field nenory
29 and outputting the result as the notion vector 203. The notion

conpensat ed prediction signal 204b corresponding to this notion vector 203

IS %

Fig. 22
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.outputted fromthe even field nmenory 29.. The interpolation
processing is carried out in the interpolating section 20 shown in Fig. 9,
by using the notion conpensated prediction signals 204a and 204b to
generate the interpol ation predictive signal 204c, signal 204a being
generated by notion conpensated in accd2tlahce with the notion vector 203
and provided fromthe odd field nenory { and notion conpensat ed
predictive signal 204b bei ng generated by notion conpensated in accordance
with the notion vebtor 203 and provided fromthe second field nmenmory 9. A
predictive 5|gnal he m ninmumerror signal power with respect to the
currently encodlng op t bl ock of the input imge signal 201 is selected
by the selector 2% fro Tnng the notion conpensated prediction signal 204a
obt ai ned from t heéNodH $telld, the notion conpensated prediction signal 204b
obt ai ned fromthe evenld
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B L OGIVEISIN L DI O NI

- #® agorint » 29
fivel d, f?ﬁgn?%tg FJ %HP%%P@@h onpensat ed prediction signal 20 %ﬂﬂ
then tlh glr“étﬂs?: i vB? g‘sr?a'io Qalgﬁdi‘ﬁ' pr oduced. Fig. 11 is a di ag%% 9 -5
showi 1 vBﬁ@%bgP%ﬁ”ezg@bP@ﬁE'abo It is assumed that the odd field
merory Z8ABHERh | nP3ged.~H1OsPRels-an| odd field K1 of the preceding
(previjous) franme, whil h V. field menory 29 of Fig. 7 stores an even

o P87, 61

®

fi el d |{GDAYE tOf¢ REGHEIPTI.n the case where an odd field K2 and
an even tireld & are 'nc'uﬁﬁﬂG@nSEQ%Aﬁy%kﬁﬂﬁﬁﬁgﬁ@ﬁ%ﬂf) frame of the input
ed. I rst,

i mage signal 201 will be di'scuss en the odd field K2 is
I nputted, the notion conpensated prediction signal 204a fromthe odd field
K1 of the preceding frame stored in the odd field nmenory 28 is provided to

the selector .21. In the sane manner, the even field Gl of the preceding
frane stored in the ayesemteinvieaidop reliates Fa dad impgeneoddingt or 21 as

the noti ogyesepefsat eddingdiagt ii@age G1anadO4a.thitash tdFr idatem cdf. Kl

As 1s known in the art, means for eliminating
redundant components included in an image signal is used for
coding an image signal. A typical approach to image coding
is the transform coding method wherein an image is divided
into blocks, an orthogonal transform is carried out for each
of the blocks, and the transform coefficients are encoded.

In the case of television signals such as an NTSC
signal, interlaced scanning is used whereby an image signal
of one frame 1s scanned twice, once in the odd field and
once in the even field. The two fields scan different but
complementary spaces of an image. The fields have image
information at different times but there is a relatively
strong correlation therebetween because the scanned lines
of the two fields are alternate and adjacent. There is
a technique in which coding is carried out after combining
the fields and dividing them into blocks when coding an
image signal produced by the interlaced scanning.

Fig. 1 is a block diagram showing the structure of
an embodiment of "High Efficlency Image Coding System”
described in the Japanese Patent Public Disclosure No.
1688/1991. In Fig. 1, the coding system includes a non-
interlacing section 1, a motion detecting section 2, a non-
interlace blocking section 3, an individual field blocking
section 4, an orthogonal transform section's, a quantizing
section 6 for quantizing a conversion coefficient at the
output of the orthogonal transform section 5, and coding
section 7.

In operation, a series of input image signals 100,
which are produced by the interlaced scanning method and
applied to each fileld, are converted to a non-interlaced
signal 101 in the non-interlacing section 1 as indicated
in Fig. 2(C). As shown, the pixels belonging to the odd



and Gl are applied to the interpolating section 20 and the

-19- interpolation processing as shown in Fig. 9 is conducted. Thereafter,
such data is supplied to the selector 21 as the notion conpensated

predi ction signal 204c. The selector 21

-2~

field and the pixels belonging to the even field appear
alternately in every other line.

When an object 1s stationary and the correlation
between adjacent lines is high, it is effective to use
a non-interlaced signal and to code the image ‘signal in
a block including components from both fields. Fig. 3(A)
shows an example of such a condition. On the other hand,
when an object is moving, the.COrrelation between adjacent
lines is lowered and it is considered to be effective to

- execute the coding in units of individual fields. This
is becayse a non-interlaced signal is used for the moving
object results in discontinuation as shown in Fig. 3(B),
causing a power to be generated in high frequency
coefficients during the transform coding. In this case,
the blocking as indicated in Fig. 3(C) is adequate.

Thus, the motion detector 2 detects the motion of
an object and changes the operation when the object is
detected as being stationary by a signal 103 indicating
motion, to conduct the blocking shown in Fig. 3(A) '
(hereinafter, this arrangement of Fig. 3(A) is called the'
non-interlace blocking) in the non-interlace blocking
circuit 3. If the object is detected to be moving, the
motion detector 2 changes the operation to conduct the
blocking shown in Fig. 3(C) (hereinafter, this arrangement
of Fig. 3(C) is called the individual field blocking) in

" the individual field blocking circuit 4.

The blocks obtained by changing the blocking as
explained above are subjected to the discrete cosine
transformation {DCT) in the orthogonal transform section 5.
The transform coefficienfs obtained as described above are
quantized in the quantizing section 6, and a variable length
code is assigned in the coding section 7 in accordance with
the occurrence probablility of respective events.

Since a conventional image coding system has been
structured as described above, it has been difficult to
realize the blocking utilizing the correlation between
fields when an object is moving. Moreover, such a system

" has not utilized the property of different intensities in



conpares these three kinds of notion conpensated prediction signals 204a,
204b, 204c and the input image signal 201 to select the prediction signal
whi ch has the mnimum error signal power. In the same manner, the
selector 21 is responsive to the even field & of the current franme to
receive the prediction signal 204a based on the odd field K1 stored in the
odd field nenory 28, the notion conpensgated prediction signal 204b based on
the even field Gl stored in the even field nenory 29, and the notion
conpensat egopeedddsitohbsitdoal o204heobbaffi¢dibytsheafiterecpavatrisdonpr ocess on

t he basi ' t LGLI ' | 43, b b d
on both 1 SPySeEETREeOREPARERES €l REFHLEbRBR O Bk Rt AR, DL
error signihepbleck. In additinpns &shbBoai dkentherddffeyencee Innpewssl ati on

section ispRi@éedednko seardeabriN81bBksr RRUARKLII NG 8482KsNY the moving
blocks having a high signal power which has not been
utilized.

Fig. 4 is a block diagram of another conventional
interframe predictive coding system described, for example,
in the transactions on the 3rd HDTV International Work

'~ Shop, "A Study on HDTV Signal Coding with Motion Adaptive
Noise Reduction™ (Vol 3, 1989). 1In Fig. 4, this system
comprises a frame memory 21, a motion detecting section 22,
a subtracter 23, a coding section 24, a local decoding
section 25, an adder 26 and a multiplexing section 27.
Although omitted in this figure, the encoded data is decoded
at a recelving side in order to reproduce the transmitted
signal. ' _

In operation, the mofion of an object between the
current field and the field of the same type of the
preceding frame is detected block by block, the Block
consisting of a plurality of pixels of an input image signal
201 which is provided by the interlaced scanning method
and formed of frames, each frame having both odd and even
fields. The motion between odd fields is detected in the
motion detecting section 22 by searching the block which has
the most distinctive resemblance to the currently processing
block among the already encoded blocks 202, adjacent to the
position corresponding to the currently processing block
in the odd fields stored within the frame memory 21. The
degree of resemblance is evaluated by using an absolute sum
of differential values or a square sum of differential
values of the corresponding pixels in both blocks. The
amount of motion in both horizontal and vertical directlons
between the current block and the block determined to be
the most similar is provided as a motion vector 203. The
frame memory 21 outputs a motion compensated prediction
siénal 204 corresponding to this motion vector 203.
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based on the notion conpensated prediction signals 204a, 204b fromthe odd

field menory 28 and even field nmenory 29 and thereby notion conpensated

predi ction signal 204c is produced. However, it is also possible that the
i nterpol ati on section 20 is not used as shown in Fig. 12. In this case,

noti on conpensated prediction signal

t he

IS generated in the selector 21 on the

basis of the preceding odd field K1 st@red in the odd field nenory 28 and
the preceding even field GL stored in the even field nmenory 29 and the

sel ector 21 .sel ectis pried Ligitddinc teiramo rsisgrena Ini205viaki tal ned i rehe si gnal
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is removed. Since low frequency components of an image
signal generally occupy a greater part of the power thereof,
information can be compressed by quantizing high power
portions with a large number of bits and quantizing low
power portions with a small number of bits. According to
an example of this information compression method, the
frequency conversion is carried out for an 8 X 8 pixels
block by conducting an orthogonal transform such as a
discrete cosine transform to scalar-quantize the transform
coefficients. The scalar-quantized coding data 206 1s sent
to the local decoding section 25 and to the multiplexing:

. section 27. The multiplexing section 27 conducts

multiplexing and encoding for the coding data 206 and
the motion vector 203 to output these signals to a
transmission line 209,

Meanwhile, the local decoding circuit 25 executes
the inverse operation of the operation in the coding section
24, namely the inversé scalar quantization and inverse
ofthogonal transform to obtain a decoded error signal 207.
The motion compensated prediction signal 204 is added to the
decoded error signal 207 in the adder 26 and stored in the
frame memory 21 to detect motion of the odd field of the
next frame.

In addition, the motion of the even flelds of the
input image signal 201 with respect to the already encoded
field of the frame memory 21 1s also detected for the coding
of the motion compensated prediction error signal. As
described above, in the conventional interframe predictive

- coding system, redundancy with respect to time included in

moving lmage signals is removed by the motion compensated
prediction coding and redundancy with respect to space is
removed by the orthogonal transform.

Since the conventional interframe predictive coding
system is structured to individually encode both the odd

power

nmeti ¢ mean has



taking into consideration field distance, as will be explai ned hereunder
wth reference to Fig. 13. - 20-

Fig. 13 is a block diagram of an exanple of the interpolation circuit 20.
The notion conpensated prediction signal 204a fromthe odd field is

mul tiplied by a weight -5-

figld and even field by predicting the current (present)
odd field from the odd field of the already encoded frame
and predicting the current even field from the even field
of the ‘already encoded frame, the encoding efficieny is low
because the spatial correlation existing between the
continuous fields, produced by the interlaced scanning
method, is not used.

The present invention has been proposed to overcome
the problemé in the prior art. Therefore it is an object
of the present invention not only to adaptively discriminate
between a block which is effective for non-interlace
blocking and a block which is effective for individual field
blocking, but also to enhance cohing efficlency by adding
a class of blocking so that field correlation is used even
for a moving image, the quantization accuracy is controlled
and the scanning sequence of transform coeffecients is
changed in accordance with switching of the blocking.

It is another object of the present invention to

-_provide a coding system for searching motion from both odd
and even fields of the frame which is already encoded in
order to predict each present field.

It is a further object of the present invention to
provide a coding system for enabling highly efficient coding
by realizing blocking for adaptively switching the field and
frame in the block coding of prediction errors.

According to the first aspect of the present
invention, an adaptive blocking image coding system encodes
an input image signal obtained by interlaced scanning in a
unit of the block of M pixels X N lines. More specifically,
the adaptive blocking image coding system comprises blocking
means for selectively forming a first type block including
only the pixels of M pixels X N lines belonging to the odd
field of the input image signal or the pixels of M pixels
x N lines belonging to the even field thereof, a second
type block wherein the pixels of the M pixels x N/2 lines
belonging to the odd field and the pixels of the N/2 lines

" belonging to the even field are arranged alternately in



[err] based on the distance to the field to be encoded, and the notion
conpensated prediction signal 204b fromthe even field is multiplied by a
wei ght [err] based on the distance to the field to be encoded. Thereafter,
the arithnetic nean of these values is obtained and the output thereof is
used as jinterpolation predictive signal 204c. The practical val ue of
the weighting by the interpolation se&ion 20 in relation to the embodi nent
shown in Fi 13 will be explained wth reference to Fi

: , As
shown in Iﬁ‘ge.rylﬁ“\ﬁﬁer}i?q U IR %%iﬁcacﬁmlrﬁrep?%%ull%%sut?rf ng an odd
field or an dMaldst elatedrhere tislmd tiympe didek eviver efn 20hdap iveks ol fiel d
K1 and odqd,fiel t of he therga is t4 i r T
bet ween e @f*eglsggbf%n&qglcfdé ﬁ%ﬁ%%g%s&% h%&dmﬁ{yﬁg E{lte% and&%derr]
can be detin nirediipemntdd ilawer salf tofethi filkednand e %&é@i T since
the odd fiyld i 0as 3 ITEndd BEKe Mg to the even field are

arranged in the remaining half of the block, and a fourth
type block wherein the pixels of M pixels X N/2 lines
belonging to the odd field are arranged in the upper or
lower half of the block, the pixels of M pixels X N/2 lines
belonging to the even field are arranged in the remaining
half of the block and the pixels of either field are
inverted upside down in the vertical direction with respect
to the display screen. The system further includes blocking
determining means for determining the type of blocking by
the blocking means, a transform means for orthogonally
transforming the block formed by the blocking means,
quantizing means for quantizing the transform coefficient
obtained by the transform means, and coding means for
encoding the quantized index obtained by the quantizing
means.

With the structure described above, the block of
the M pixels X N lines if obtained by one blocking selected
from the non-interlace blocking where the pixels of M pixels
x N/2 lines belonging to the odd field and the pixels of
M pixels X N/2 lines belonging to the even field are _
arranged in every other line corresponding to the scanning
positions on the display screen, an arrangement (herein-
after, called split blocking) where the pixels of M pixels
X N/2 lines belonging to the odd number field are arranged
in the upper half or lower half block and the pixels of
‘M pixels x N/2 lines belonging to the even field are
arranged in the remaining half block, and an arrangement
(hereinafter, called inverted split blocking) where the
pixels of M pixels X N/2 lines belonging to the odd field
are arranged in the upper or lower half block, the pixels
of M pixels X N/2 lines belonging to the even field are
arranged in the remaining half block and the pixels of
either field are inverted in the vertical direction with



2T, the weight [err] is set to 1. Also, since even field GL has a tine
di'stance of T fromodd field K2, the value of weight can be increased for
the field having the | esser tine distance by setting the value of [err] to
2. In the same manner, odd field K1 has a tine distance of 3T from even
field @ and even field Gl has a tine difference of 2T. Thus, it is
possible to give the value of weight wHich is proportional to the tine

difference by setting.lerr] tqQ 2 and [err] ., to 3.for. wejghti even field
. rl%p_teﬁé éﬁb&hﬁn&r’l?pgﬁg\/\ﬁci"ﬁ[&ﬁi'g. T}‘f "thrit@j\ﬁengﬁ}qsoc[qgrirﬁ and [err]
are det er morgtioigonpAdyi trengdoamedg thec ttiram sdio rith e deefifi isc Iefn ts raeredi st ance.
However, ity I p i t i eryl, ' o the odd
flord s anuehrizen Pany le%?(lgrrrlp e }lg’?g‘éﬁﬁ Bt i ilad® 18 Hodtd LT o be
given to the evenAficordinggdedithes seconde asipes tdicdt difvee PrRFaler, in this

enbodi ment ,; pWRindlon [ @hel ARALHS1hl Wedhs’ Forl RR1AA f1if) dthe transform

coefficient in the adaptive blocking image coding system
variably controls the quantization accuracy in accordance
with the type of arrangement blocking-processed by the
blocking means.

More specifically, one of the arrangements including
individual field blocking, non-interlace blocking, split
blocking, or inverted split blocking is orthogonally
transformed, the transform coefficient is quantized and the
quantizing index is encoded with the quantizing accuracy
in accordance with the information, indicating the selected
blocking.

According to the third aspect of the present
invention, the coding means for encoding the quantizing
index produced when quantizing the transform coefficient
in the adaptive blocking image coding system determines
the scanning sequence (path) for quantizing the transform
coefficient in accordance with the type of arrangement to
be blocking-procéssed by the blocking means.

More specifically, one of the arrangements to be
blocking-processed by the individual field blocking, non-
interlace blocking, split blocking, or inverted split
blocking 1s orthogonally transformed, the transform
coefficient is quantized, and the quantizing index is
encoded with the quantization accurac& and the scanning
sequence in accordance with the information indicating the
selected blocking.

According to the fourth aspect of the present
invention, the adaptive blocking image coding system
comprises blocking determining means for selecting the type
of arrangement to be blocking-processed in accordance with
the value obtained by multiplying a predetermined weighting
coefficient with the pixels of each line included in the

' block and then totaling such multiplied values.



are different fromthose used for the even fields, but the weights for the
odd fields may be equal to those for the even fields. In addition, in this
enbodi ment, only -21- weights [err]
and [err] are used, but the weights nay be determ ned in accordance with
the other coefficients, for exanple, -8-

) More particularly, one of the arrangements to be
blocking-processed by individual field blocking, non-
interlace blocking, split blocking, or inverted split
blocking is selected by the value cobtained by multiplying
the predetermined weighting coefficient with the pixels

of each line included in the block and then totaling such
multiplied values. The selected block is orthogonally
transformed, the transform coefficient is quantized and the
quantizing index is encoded.

According to the fifth aspect of the present
invention, the adaptive blocking image coding system also
comprises a blocking determining means for selecting the
type of arrangement which has the minimum coefficient power
of a predetermined high frequency component among the
transform coefficients obtained by discrete cosine transform
of the block.

In other words, one of the arrangements to be
blocking-processed by individual field blocking, non-
interlace blocking, split blocking, or inverted split
blocking is selected in such a manner that the coefficlent
power of the predetermined high frequency element component
is the minimum among the transform coefficients obtained by
discrete cosine transform of the block. The determined
block is orthogonally transformed, the transform coefficient
1s quantized, and the quantizing index is encoded.

According to the sixth aspect of the present
invention, there is provided a coding system which
individually searches the motion from both odd and even
fields of the already encoded frame in order to predict the
field to be encoded, the system comprising the following

elements:
(a) input means for inputting an input signal to be
encoded;

(b) a field memory for storing signals based on the input
signal by dividing it into a plurality of fields such
as the odd field and even field; ,

(c) predictive signal output means for outputting
predictive signals of a plurality of types predicting



a coefficient having a quadratic function or another function having
particul ar characteristics. Mreover, weights [err] and [err] do not have
to be restricted only to one kind of value: it is possible that several

ki nds of weights [err] and [err] are prepared and sel ected in accordance
with the kind of input signal or the characteristic of input signal.

Anot her enbodi ment of the present inveation will be explained with
reference to Fig. 14. The enbodi nent shown in Fig. 14 conprises a
bl ocki ng sel ecti obheechange 8T bnpusl etghay bat kbenbasisnafvisdenblbl ocki ng

of a prediction egfgfeglgﬂathgo?ighg ﬂgﬂoﬁ9d even fields and a
non-interl ace bIocklnf I ncl udi ng and even fields: a blocklng
e e

forming setdion 88 $® éﬁﬂﬁuﬁﬁrnge@ﬁétbﬂscﬂlﬁgeﬂﬁcééUGrééﬁéélwffﬁmtﬁ
out put of the blogké@gcﬁebecgmeﬂa§305b@ﬂi&ad Bpdtaebboekiipg 1dacanpasing

section 84 for decogggglngans. Igcklng to formthe original field in
(e) coding means for encoding the input signal using the
relationship between the predictive signal selected
by the selector and the input signal from the input
means.

With such an arrangement, the coding system can
provide stabilized prediction efficiency regardless of
motion of an object by making reference to both fields of
the already epcoded frame for the purpose of prediction.

According to the seventh aspect of the present
invention, the coding system 1Is structured to realize
adaptive prediction from the searched two kinds of motion
compensated predictive signals and a plurality of predictive
signals combining interpolation signals of these motion '
compensated predictive signals. ) |

Since the coding system as constructed utilizes
a predictive signal produced by interpolating the predictive
signals from both fields of the already encoded frame,
motion at the intermediate point of time and space of the
two fields used for the prediction can be considered.
Moreover, this coding system also functions as a low-pass
filter, whereby the prediction efficiency can be improved
and the encoded image is stabilized.

' According to the eighth aspect of the present
invention, the coding system executes the encoding, for
example encoding prediction error signals, by adaptively
switching the encoding operation from blocking of the pixels
of only the odd field or even fleld of the frame for
encodement to blocking of both odd and even fields for
encodement, the system comprising the following elements:
(a) input means for inputting an input signal to be
encoded by dividing into a plurality of fields such
as an odd fileld and even field:;



accordance wth the bl ock selection output. Section 400 encl osed by a
broken |ine denotes bl ocking neans and the other sections 200, 300, 500 are
simlar to those shown in Fig. 7. Fig. 15 is a block diagram of an
exanpl e of the bl ocking selection section 82. The prediction error signal
205 is stored in the odd field nmenory 31 for the odd field and in the even
field menory 32 for the even field. Asldhown in Fig. 16(a) and 16(b), a

block of p = 16, g = 16 is considered. The individual field blocking
section 33 (&ecut & blipekiing e atianudians iake Ak eielett ng hedt ofhe he odd

or even field wtRithel iy M1k 19z EhdieRicdthdl tHdes)gn&Nr EdeSenadi xel s
are encoded in a coding section 35. As shown in Fig. 16(c), non-interl ace
bl ocki ng section 3AP&le AFADS ﬁe?i’di%‘kisd’g“(ﬁblﬁ) %getf%e xe‘g“f‘ﬁfé%) i ncl uded
in the bl ock by albietwesireltheaylotd dridis Pingelcf ofhdat hgmald of only

one kind of field and the block consisting of the

signal combining signals of a plurality of fields;

(c) a block forming section for forming a block selected
by the blocking selection section; and

(d) coding means for encoding a block formed by the block
forming section. ;

The coding syétem having such a structure provides
high efficiency encoding by selecting the blocking method
most suitable for the encoding, i.e., blocking the pixels of
only either of the odd field or even field, or blocking the
pixels of both odd and even fields.

According to the ninth aspect of the present
invention, the coding system also comprises a concrete
selecting means for adaptively switching the block
selection. This selecting means includes any one of the
following selecting mans:

(a) selecting means for selecting the block with the
least amount of encoding information from a plurality
kinds of block; _ '

(b) selecting means for selecting the block with the
least amount of encoding errors from a plurality
kinds of bloc¢k; and

(c) selecting means for selecting the block with the
least amount of high-frequency components in the
signal to be encoded from a plurality kinds of block.
The coding system having such a structure enables

adaptive switching of the blocking by selecting the blocking

with less encoding information, the blocking with less
encoding errors, or the blocking with less high frequency
components included in the signal to be encoded, from the
blocking of the pixels of one of only the odd or even

field or the blocking of the pixels of both odd and even

fields.



and'even_fields, and these pixels are encoded in a coding circuit 36. The
i.nformation quantity conparing section 37 conpares the quantity of data
encoded in the coding section 35 and the coding circuit 36, and outputs a

bl ocki ng -22- selection signal 211
I ndi cating the bl ocking having the “11-

The invention will be more fully understood from the
following detailed description and the accompanying drawings
in which:

Fig. 1 is a block diagram of an image coding system
in the prior art;

Fig. 2 is a diagram for explaining non-interlace
blocking;

Fig. 3 is a diagram for explaining an adaptive
blocking of the prior art;

Fig. 4 is a block diagram showing the structure of
another coding system of the prior art;

Fig. 5 is a block diagram of an embodiment of the
present invention;

Fig. 6 is a diagram for explaining adaptive blocking
in the embodiment shown in Filg. 5;

Fig. 7 is a block diagram showing the structure of
an adaptive fleld/frame coding system of another embodiment
of the present invention;

Fig. 8 is a diagram showing an exemplary input image
signal; .
' Fig. 9 is a block diagram showing an example of the
structufe of an interpolating'section shown in Fig. 7;

Fig. 10 is a .diagram for explaining the operation of
a motion detecting circuit

Fig. 11 is a diagram for explaining the operation for
using a motion compensated predictive signal in the
embodiment shown in Fig. 7;

Fig. 12 1s a block diagram showing the structure of
an adaptive field/frame coding system according to another
embodiment of the present invention;

Fig. 13 is a block diagram showing another example of
the interpolating section;

Fig. 14 ié a block diagram showing an adaptive
field/frame coding system according to embodiment of the
present invention; .

Fig. 15 is a block diagram showing an example of the
structure of the blocking selection section;



| east anount of information. Fig. 17 is a block diagram of an exanple
of the blocking form ng section 83. The prediction error signal 205 is
stored in the odd field nenory 41 for the odd field and in the even field
menory 42 for the even field. In accordance with the bl ocking selection
signal 211 supplied fromthe bl ocking fflectlon section 82, the bl ocking
formng section 43 selects the bIocklng of the prediction error signals

bl ocking i el Och%l xel s of EI{%E of t %%?dsgpun@w i éi&ﬂr}{i@eof

bl ocki ng i ncl udi or even hin the

bl ock of (Bheikkeek seleqtrd)bunthe Helqmé‘efkﬁrngelr%tmgnﬁewk%qls of both odd
and even fields vxrién mt hes b4 asko@f 4 Pagh &kl Showingi #estruapdraben outputs

n exanpl SHIRFR B okF LR Ip Oy FRLRECEPERERA] The data decoded by

Fig. 18 is a block diagram showing a structural
example of the blocking decomposing section;

Fig. 19 is a block diagram showing another structural
example of the blocking selecting section;

' Fig. 20 is a block diagram showing another structural

exampie of the blocking selecting section;

Fig. 21 is a block diagram showing a structural
example of the frequency analyzing section;

Fig. 22 is a diagram showing an example of the
accumulated frequency components; and

Fig. 23 is a block diagram showing another structural
example of the present invention.

Referring to Fig. 5, an embodiment of the present
invention is shown as an adaptive blocking image coding
system. In Fig. 5, the image coding system comprises a non-
interlacing section 1 for conducting non-interlace
processing; a blocking determination section 8; an
individual field blocking section 4; a non-interlace
blocking section 3; a split blocking section 9; an inverted
split blocking section 10; an orthogonal transform section
11; a quantizing section 12 and coding section 13. Such
various types of blocking are shown in Fig. 6. Figs. 6A -
6D show individual field blocking non-interlace blocking,
split blocking and inverted split blocking, respectively.

The operation will be explained with reference to
Fig. 5 and Figs. 6A - 8D. The input image signal series 100
which is scanned by the interlace scanning method and is
inputted field by field 1is converted into a non-interlaced
signal 101 in the non-interlace section 1.

Fig. 2 shows a profile of non-interlace processing in
the prior art similar to the non-interlace processing in the
present invention. When (A) 1s defined as an input image
signal from the odd field and (B) as an input image signal



a local decoding circuit 25 is applied to the bl ocki ng deconposi ng section
44 in which the blocking is deconposed in accordance with the bl ocking

sel ection signal 211 fromthe bl ocking selecting section 82, and the
deconposed block is then stored in the individual field nenories 45, 46.
The stored data is supplied as a decoq§gﬁgrror si gnal 207. The
operation of this enbodi nent is explai her eunder . The prediction

error sign ' racti [ €4 hgn 0; from an
I nput si gnzdf gtg% :ﬁr?e;ﬂ &ﬁfdeflteafl’e?l%ﬁe)é crlﬁf&cw %é;é(ggénféé%ftﬁ%gb oekKi njgrtf orm ng
section 83 dhowrlitemiatelyy comp irlngethn cklaeny Beomecréespeselré ofl @dshown
in Fig. 15 cHie g addarhesel ection section 82 produces the bl ocking

sel ection signal sel ecting the bl ocking includigg t he pi xel s of

211 for
either the odd origﬁn494¥ﬁ¥ﬁqqit M odting srsklen @ executes, as

shown in Fig. 8{A), blocking in which the fields are
processed individually. This blocking is effective when the
correlation between the fields is not available because of
quick motion. |

The non-interlace blocking section 3 executes the
blocking shown in Fig. 6(B). In the case of a stationary or
still image, a continuous image can be obtained by non-
interlaced processing of the fields. The wavelength of the
signal thereby becomes substantially longer, resulting in
power being concentrated on low frequency components in the
successive transform coding.

The split blocking section 9 conducts the blocking as
shown in Fig. 6(C). This blocking is effective in the case
where the correlation between the fields exists but the
fields are noncontinuous when non-interlace blocking is
carried out.

The inverted split blocking section 10 conducts the
blocking shown in Fig. 6(D). This blocking is also
effective in the case where the correlation between fields
exists but the fields are noncontinuous when non-interlace
blocking is carried out. This blocking prevents
discontinuation at the center of the block when the split
blocking method is used.

The blocking determinating section 8 determines the
optimum blocking from a plurality of blockings as explained
above and outputs a blocking arrangement selecting signal
102 for selecting the determined blocking. Here, it is
important to enhance the concentration of power, on the low
frequency coefficients in the transform coding. For this
purpose, it is effective to evaluate the amplitude of high
frequency components in each blocking and select the
blocking having the minimum amplitude. X

In one of the evaluation methods, a weight is
multiplied with the pixels of each line and the obtained



lines), or the blocking including the pixels of both odd and even fields in
the block of (p pixels X g lines). The bl ocking formng section 83 conducts
i ndi vidual field blocking or non-interlace blocking in units of (p x Q)
bl ocks in accordance with the bl ocking selection signal 211
2 -14-
values are then totaled. For example, the weight of +1 1is
given to the lines 0, 2, 4, 8 using the line numbers shown
in Fig. 6, and the weight of ~1 is given to the lines 1, 3,
5, 7. Thereafter, the obtained values are totaled to obtain
the absolute value of the sum. Moreover, the weight +1
is given to the lines 8, 10, 12, 14, and the weight -1 is
given to the lines 9, 11, 13, 15. The obtained values are
then totaled to also obtain the absolute values of the sum.
Both absolute values are totaled. Thus, the weighting is
inverted alternately for respective lines and it is
equivalent to the evaluation of the maximum frequency
component when non-interlace blocking has been conducted.

Further, the weight +1 is given to the lines 0, 4, 8,
12 and the weight -1 to the lines 2, 6, 10, 14. The
obtained values are totaled to obtain the absolute value of

. the sum. In addition, the weight +1 is given to the 1lines
1, 5, 9, 13 and the weight -1 to the lines 3, 7, 11, 15.
The obtained values are then totaled to obtain the absolute
value of the sum. These absolute values are also totaled to
evaluate the maximum frequency component of the individual
field blocking.

In addition, the weight +1 is given to the lines 0,
4, 1, 5 and the weight -1 to the lines 2, 6, 3, 7. The
obtained values are totaled to obtain the absolute value of -
the sum. The weight +1 is also given to the lines 8, 12,

9, 13 and the weight -1 to the lines 10, 14,.11, 15. The
obtained values are totaled to obtain the absolute value of
the sum. Both absolute values are then totaled to evaluate
the maximum frequency component of the split blocking.

The weight +1 is given to the lines 0, 4, 7, 3 and
the weight -1 to the lines 2, 6, 5, 1. The obtained values
are totaled to obtain the absolute value of the sum.
Moreover, the weight +1 is given to the lines 8, 12, 15, 11
and the weight -1 to the lines 10, 14, 13, 9., The obtained
values are totaled to obtain the absolute value of the sum.
These absolute values are totaled to evaluate the maximum
frequency component of the inverted split blocking.



The bl ocked signal is applied to the coding circuit 24. The codi ng section

24 execute the orthogonal transform and sends the encoded data 206 which is
a scal ar-quanti zed transformcoefficient to both the | ocal decoding section
25 and the nultiplexing section 28. After the inverse

scal ar-quantization and inverse orthogonal transform by the |ocal decoding

section 25, the data is deconposed i nt-dSthe odd and even fields in the

bl ocki ng deconpos g section sh [ i ch deco S the bIocklng
into the fields | cé“ev'm' f?‘f’é' t?lq’ ] °§‘el°5ctqacfﬁP3:| BB in
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208 obtain | t|v I Gp | f ence
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is the odduhaﬂnﬁsnequiwaublockings is counted, and the blocking having
the minimum number is selected.

The orthogonal transform section 11 carried out the
orthogonal transform of the selected block to obtain the
transform coefficients. The obtalned transform coefficients
are quantized in a fixed sequence by the quantizing section
12. 1In this case, some difference lies in the power of the
coefficients depending on the type of blocking. In general,
non-interlace blocking tends to be selected for a stationary
region and the power is comparatively small.

Meanwhile, since the correlation between fields
becomes small in a quick motion area, individual field
blocking is often selected and the power is large.

Moreover, split blocking and inverted split blocking are
considered to be intermediate to the above two blockings.
_Thefefore, efficiency can be improved by variably
controlling quantization accuracy in accordance with the
type of blocking.

The quantizing accuracy can also be controlled
variably in accordance with not only the type of blocking
but alsc the combination of actual signal power and
quantization error power. In this case, it is also possible
to execute variable length coding by combining the
information indicating type of blocking and the information
indicating quantization accuracy.

Indexes obtained by quantizing the coefficients are
encoded in the coding section 13. In this case, the
coefficients are scanned from those having a larger
coefficient power to those having a smaller one 1n order
to enhance the efficiency of encoding. For the coefficlents
having a power lower than a certain specified value, the
encoding may cease. Therefore, it 1s very convenient if
the poﬁer distribution can be anticipated. There is a
tendency with respect to the distribution of power of the

" coefficients that the power is Increased as the frequency



second field nenmory 29 when it is the even field, to detect the notion of
each field of the next frane. In this enbodi nent, a unit of bl ocks
is formed of p = 16, g = 16, but it is desirable that the values of p and g
have the following relationship with the block size n x mused by the

not i on detectlng section 22 as explained in the enbodi nrent shown in Fig. 7:

p = n, Si nce DCT transfolﬁTls of ten carrled out in the block
unit of 8 |x |s X 8 |ines, f ée of 16 pixels ﬁ E ﬁonblnlng four
bl ock unit$Si $°¥&Fect ﬁwﬁgefhe §al %sb%?cbiaﬁdiﬁ pfa évﬁ $cRIAGELBEmM ng

secti on. Ia_st hins tReappksensi haeetfon, othe &Geﬂt‘mliantél aaviagnctewqr— 2m m

the mot | onPREEECEPnaC ot iak S o5obERaRPRanbe: b EFEaBER°FnEcahshEREseven

fields. MeZhehil| shescndéngt efficiency can be improved by changlng the
scanning sequence or path in accordance with the type of
blocking.

Since the present invention is structured as
explained above, the following effects can be obtained.

The coding efficiency of transform coding 1s improved
by switching the blocking of an image signal scanned by
the interlaced scanning method into an adapted blocking.
Moreover, the efficient assignment of information quantity
can be realized by variably controlling the quantizing
accuracy of transform coefficients correspondingly to the
switching of the blocking. 1In addition, the encoding
efficiency can also be improved in transform coding by
changing the scanning sequence of the transform coefficients
within the block. _

Referring now to Fig. 7, a structural diagram of
an adaptive field/frame coding system according to another
embodiment of the present invention is shown. The system
includes an odd field memory 28 for storing local decoded
signals of odd fields, an even field memory 29 for storing
local decoded signals of even fields, an interpolation
section 20 for interpolating a predictive signal with motion
compensated from the two fields, and a selector 21 for
selecting a predictive signal which gives the optimum
prediction from three signals of the signals predicted from
the odd and even fields and the interpolated predictive
signal. In Fig. 7, sections 200, 300 and 500 enclosed
by a broken line respectively denote motion detecting means,
predicting error signal output means and coding means.

Fig. 8 shows a profile of input image signals 201
which are scanned by the interlaced scanning method, wherein
the odd and even fTields are alternately applied. Fig. 8
shows the flelds in the coordinates where time 1is plotted
on the horizontal axis and vertical direction on the
vertical axis. 1In Flg. 8, K1 indicates an odd field of the



possi ble to enpl oy the bl ocking conmbining the odd field and even field in
the bl ocking formng section, it is desirable to forma block of 16 |ines

i ncludi ng the odd and even fi el ds. In the enbodi nrent shown in Fig.
14, the bl ocking has been sel ected by conparing the quantity of information
generated as shown in Fig. 15, but coQHqg based on the

first frame, while G1, an even field of the first frame. In
the same manner, K2 1s an odd field of the second frame,
while G2, an even field of the second frame.

Fig. 9 is a block diagram of an example of the
interpolating section 20. A simple arithmetic mean of the
motion compensated prediction signal 204a from the inputted
odd fields and the motion compensated prediction signal 204b
from the inputted even fields is obtained and is used as
an interpolation predictive signal 204c.

The operation will be explained with reference to
Figs. 7, 8 and 9. Motion of the odd fields and even fields
of the present frame 1n relation to the preceding frame is
detected in units of blocks including pixels (n X m) in
response to the input image signal 201 whicn,;s scanned by
the interlace scanning method and includes the odd and even
fields alternately. The motion of the odd fields between
the present and the preceding frames is detected by
searching, in the motion detecting section 22, the block
which most resembles the currently processed block in the
image signal 201 from the blocks adjacent 202a to the
position corresponding to the currently encoded object
in the already encoded odd fields stored within the odd
field memory 28. .

As shown in Fig. 10, for example, it is assumed that
image H1 exists within one block unit (n x m) in the
preceding frame, and the image mo&es.to position H2 from
position H1 in the present input image signal. The motion
detecting section 22 outputs a motion vector 203 which
indicates the block has moved horizontally to H2 from H1.
In this case, since motion is not detected in the vertical
direction, the motion vector 203 has the value of 0 with
regard to vertical direction. The motion in the horizontal
and vertical directions thus obtained is outputted as the
motion vector 203.

The odd field memory 28 outputs a motion compensated
prediction signal 204a corresponding to this motion vector
203. Similarly, compensation for motion of the even fields
in the preceding frame is carried out in the motion



-24- quality of encoding can be realized by selecting the blocking on the
basis of the conparison of encoding quality as shown in Fig. 19.

Fig. 19 is a block diagram of an exanple of the blocking selection section
82. The predicting error signal 205 is stored in the odd field nmenory 51
for the odd field and in the even fielg menory 52 for the even field. The
i ndi vidual field blocking section 53 r Qrizes the bl ocking including the
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as the motion vector 203. The motion compensated prediction
signal 204b corresponding to this motion vector 203 is
outputted from the even field memory 28.

The interpolation processing is carried out in the
interpolating section 20 shown in Fig. 9, by using the
motion compensated prediction signals 204a and 204b to
generate the interpolation predictive signal 204c, signal
204a being generated by motion compensated in accordance
with the motion vector 203 and provided from the odd field
memory 28, and motion compensated predictive signal 204b
being generated by motion compensated in accordance with
the motion vector 203 and provided from the second field
memory 9. A predictive signal having the minimum error
signal power with respect to the currently encoding object
block of the input image signal 201 is selected by the
selector 21 from among the motion compensated prediction
signal 204a obtained from the odd field, the motion
compensated prediction signal 204b obtained from the even
field, and the interpolated motion compensated prediction
signal 204c, and then the predictive signal 210 is produced.

Fig. 11 is a diagram showing the operation explained
above. It is assumed that the odd field memory 28 shown in
Fig. 7 stores an odd field K1 of the preceding (previous)
frame, while the even field memory 28 of Flg. 7 stores an
even field G1 of the preceding frame. Here, the case where
an odd field K2 and an even field G2 are included in the
current (present) frame of the input image signal 201 will
be discussed. First, when the odd field K2 is inputted, the
motion compensated prediction signal 204a from the odd field
K1 of the preceding frame stored in the odd field memory 28
1s provided to the selector 21. In the same manner, the
even field Gl of the preceding frame stored in the even
field memory 29 is provided to the selector 21 as the motion
compensated prediction signal 204b. Then, the data of K1
and Gl are applied to the interpolating section 20 and the



codi ng/ decoding circuit 56 enabl es codi ng/ decodi ng. The difference between
t he encoded/ decoded data of the individual field blocking and the data just
before the encoding is conpared with the difference between the

encoded/ decoded data of the conbined field blocking and the data just
before the encoding, by the error conparator 59 in order to select the

bl ocking with |l ess errors and to prov+gg-an output as the bl ocking

sel ection signal 211. In the enbodi nent shown in Fig 14, the
quantity ointgenpobatlon ndooeessbnghas $ShewncinpBied 9oist tendettedi on of
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select the prediction signal which has the minimum error
signal power.

In the same manner, the selector 21 1s responsive
to the even field G2 of the current frame to receive the
prediction signal 204a based on the odd field K1 stored in
the odd field memory 28, the motion compensated prediction
signal 204b based on the even field Gl stored in the even
field memory 29, and the motion compensated prediction
signal 204c obtained by the interpolation process on the
basis of these motion compensated prediction signals 204a,
204b based on both fields, and to select the prediction
signal which has the minimum error signal power.

In this embodiment (Fig. 7), the interpolation
section is provided to conduct the interpolation processing
based on the motion compensated prediction signals 204a,
204b from the odd field memory 28 and even field memory 29
and thereby motion compensated prediction signal 204c is
produced. However, it is also possible that the
interpolation section 20 is not used as shown in Fig. 12,
In this case, the motion compensated pfediction signal is
generated in the selector 21 on the basis of the preceding
odd field K1 stored in the odd field memory 28 and the
preceding even fleld Gl stored in the even field memory 29
and the selector 21 selects the prediction signal minimizing
the error signal power in these two kinds of motion
compensated prediction signals 204a, 204b.

Further, in the embodiment shown in Fig. 7, the
simple arithmetic mean has been used for the interpolation
section, but coding ensuring higher prediction efficlency
can be realized by utilizing a weighted arithmetic mean
taking into consideration field distance, as will be
explained hereunder with reference to Fig. 13.



in Fig. 20. Fig. 20 is a block diagram of an exanple of the bl ocking
selection circuit 82. The predicting error signal 205 is stored in the odd
field nmenory 61 for the odd field and in the even field nenory 62 for the
even field. The individual field blocking section 63 executes the.blocking
including the pixels of only either the odd field or even field within the
bl ock of (p pixels X q lines), and a =20~

Fig. 13 1s a block diagram of an example of the
interpolation circuit 20. The motion compensated prediction
signal 204a from the odd field is multiplied by a weight
« based on the distance to the field to be encoded, and the
motion compensated prediction signal 204b from the even
field is multipliied by a weight B based on the distance to
the field to be encoded. Thereafter, the arithmetic mean of
these values is obtained and the output thereof is used as
interpolation predictive signal 204c.

The practical value of the weighting by the
interpolation section 20 in relation to the embodiment shown
in Fig. 13 will be explained with reference to Fig. 11.

As shown in Fig. 11, when T is considered a unit of
time for inputting an odd field or an even field, there is
a time difference of 2T between odd field Ki and odd field
K2. On the other hand, there is a time difference of T
between even field Gl and odd field K2. Thus, the weights «
and B8 can be determined by utilizing such time differences.
For example, since the odd field K1 has a time distance of
2T, the weight « is set to 1. Also, since even field Gl has
a time distance of T from odd field K2, the value of weight
can be increased for the field having the lesser time
distance by setting the value of 8 to 2. In the same
manner, odd field K1 has a time distance of 3T from even
field G2 and even field Gl has a time difference of 2T.
Thus, it is possible to give the value of weight which is
proportional to the time difference by setting « to 2 and B
to 3 for weighting even fleld G2.

In the embodiment shown in Fig. 13, the weights «
and B are determined in the interpolating section on the
basis of time distance. However, it is also possible that
the weight « to be given to the odd field is always set, for
example, larger or smaller than weight B to be given to the
even field regardless of the time distance. Further, in
this embodiment, weights « and 8 used for the odd fields
are different from those used for the even fields, but
the welghts for the odd fields may be equal to those for
the even filelds. In addition, in this embodiment, only



LN

-25- frequency anal yzing section 65 such as that shown in Fig. 21 executes
t he frequency analysis. The non-interlace blocking circuit 64 executes the
bl ocki ng i ncluding pixels of both fields within the block of (p pixels x q
lines), and a frequency analyzing circuit 66 such as that shown in Fig. 21
executes the frequency analysis. The bLocking with fewer high-frequency

conponents is selected fromthe individual field blocking and the conbi ned
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is a block diagram of an exang guenc anal yzing sections 65 and
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function having particular characteristics. Moreover,
welghts o and 8 do not have to be restricted only to one
kind of value; it is possible that several kinds of weights
o and 8 are prepared and selected in accordance with the
kind of input signal or the characteristic of input signal.

Another embodiment of the present invention will be
explained with reference to Fig. 14.

The embodiment shown in Fig. 14 comprises a blocking
selection section 82 for selecting between an individual
blocking of a prediction error signal for the odd and even
fields and a non~interlace blocking including both odd and
even fields; a blocking forming section 83 for conducting
the blocking in accordance with the output of the blocking
selection section 82; and a blocking decomposing section 84
for decomposing the blocking to form the original field in
accordance with the block selection output. Section 400
enclosed by a broken line denotes blocking means and the
other sections 200, 300, 500 are similar to those shown in
Fig. 7.

Fig. 15 is a block diagram of an example of the '
blocking selection section 82. The prediction error signal
205 is stored in the odd field memory 31 for the odd field
and in the even field memory 32 for the even field. As
shown in Fig. 16(a) and 16{(b), a block of p = 16, q = 16 is
considered. The individual field blocking section 33
executes the blocking including the pixels of either of
the odd or even field within the block of (p pixels X q
lines), and these pixels are encoded in a coding section 35.
As shown in Fig. 18(c), a non-interlace blocking section 34
executes the blocking of (p pixels X q lines) included in
the block by alternately arranging the pixels of both odd
and even fields, and these pixels are encoded in a coding
circuit 36. The information quantity comparing section 37
compares the quantity of data encoded in the coding section
35 and the coding circuit 36, and outputs a blocking
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obt ai ned by bl ocking the pixels of both odd and even fields fromthe
non-interlace bl ocking section 64, are supplied to sections 65 and 66.
These signals are converted to a signal in the frequency domain froma
signal in the pixel domain using the orthogonal transform 68. The hi gh-
frequency conponents are extracted fropg.the converted signal in the
frequency domain by a high-frequency Eg%bonent sel ector 69 and the
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and in the even field memory 42 for the even field. 1In
accordance with the blocking selection signal 211 supplied
from the blocking selection section 82, the blocking forming
section 43 selects the blocking of the prediction error
signals stored in the odd field memory 41 and even field
memory 42 from the blocking including pixels of either of
the odd or even field within the block of (p pixels X g
lines) and the blocking including pixels of both odd and
even fields within the block of (p pixels x g lines), and
then outputs the blocked prediction error signal.

Fig. 18 is a block diagram of an example of the
blocking decomposing section 84. The data decoded by

. a local decoding circuit 25 is applied to the blocking
decomposing section .44 in which the blocking is decomposed
in accordance with the blocking selection signal 211 from
the blocking selecting section 82, and the decomposed block
is then stored in the individual field memories 45, 46. The
stored data is supplied as a decoded error signal 207.

The operation of this embodiment is explained
hereunder.

The prediction error signal 205 obtained by
subtracting the prediction signal 210 from an input signal
201 in a difference circuit 23 is sent to the blocking
forming section 83 shown in Fig. 17 and to the blocking
selection section 82 shown in Fig. 15. The blocking
selection section 82 produces the blocking selection signal
211 for selecting the blocking including the pixels of
either the odd or even fleld in the block of (p pixels X g
lines), or the blocking including the pixels of both odd and
even fields in the block of (p pixels X g lines). The
blocking forming section 83 conducts individual field
blocking or non-interlace blocking in units of (p X q)
blocks 1n accordance with the blocking selection signal 211.



conponent in the vertical frequency conponent, are sel ected. In this
enbodi nent, the coding section 24 does not use the selection information of
predictive signals or the selection information of bl ocking, but according
to anot her enbodi nent shown in Fig. 23, finer control is possible and high
encoding quality can be realized by inputting an output of the selector 11
as the selection signal for the predi egBve signal and the bl ocking

sel ection signal as the selection si?nal for the blocking to the
Tpe blocked signal is applled to the coding circult 24, The’

coding section 24 execute the orthogonal transform and sends
the encoded data 206 which 1s a scalar-quantized transform
coefficlient to both the local decoding section 25 and the
multiplexing section 28,

After the inverse scalar-quantization and inverse
orthogonal transform by the local decoding section 25, the
data is decomposed into the odd and even fields in the
blocking decomposing section shown in Fig. 18 which
decomposes the blocking into the fields in accordance with
the blocking selection signal 211 in order to obtain the
decoded difference signal 207. The local decoded signal 208
obtained by adding a predictive signal 210 to the decoded
difference signal 207 in the adder 207 1is stored in the
first field memory 28 when it is the odd field or in the
second field memory 29 when it is the even field, to
detect the motion of each field of the next frame. '

In this embodiment, a unit of blocks is formed of
p = 16, q = 16, but it is desirable that the values of p
and q have the following relationship with the block size
‘n x m used by the motion detecting section 22 as explained
in the embodiment shown in Fig. 7:

P=n, qQ=2m '

Since DCT transform is often carried out in the block
unit of 8 pixels x 8 lines, the size of 16 pixels X 16 lines
combining four block units is selected as the values of p
and q in the blocking forming section. In this example,
since P = n, n = 16 pixels. Also, since q = 2m, m = 8.
Thus, it is desirable that the number of lines be reduced
to 8 because the motion detecting section 22 detects motion
for both the odd and even fields. Meanwhile, since it is
possible to employ the blocking combining the odd field and
even field in the blocking forming section, it is desirable
to form a block of 16 lines 1lncluding the odd and even
fields. ' .

In the embodiment shown in Fig. 14, the blocking has
been selected by comparing the quantity of information
generated as shown in Filg. 15, but coding based on the



-26- coding section 24 and by controlling the encoding characteristic with
t he sel ected prediction signal and the infornmation of the sel ected

bl ocki ng. As expl ai ned above, the enbodinent of Fig. 7 relates to a
system for realizing predictive coding of an input imge signal obtained by
the interlaced scanning nethod with the notion conpensation. The system

i ncl udes notion detecting means for obt%fming, for the odd or even field of
t he i nput inaq? signal, the anmount of displ ace in order to carry out
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as shown in Fig. 19.

Fig. 19 is a block diagram of an example of the
blocking selection section 82. The predicting error signal
205 is stored in the odd field memory 51 for the odd field
and in the even field memory 52 for the even field. The
individual field blocking section 53 realizes the blocking
including the pixels of either the odd field or the even
field within the block of (p pixels X q lines), and the
coding/decoding section 55 enables encoding/decoding. At
the same time, the non-interlace blocking section 54
realizes the blocking including the pixels of both fields
within the block of (p pixels X q lines), and the
coding/decoding circuit 56 enables coding/decoding. The
difference between the encoded/decoded data of the
individual field blocking and the data just before the
encoding is compared with the difference between the
encoded/decoded data of the combined field blocking and the
data just before the encoding, by the error comparator 59 in
order to select'the blocking with less errors and to provide
an output as the blocking selection signal 211.

In the embodiment shown in Fig 14, the quantity of
generated information has been compared for the selection
of the block, while in the embodiment shown in Fig. 19, the
encoding errors have been compared. However, encoding with
higher efficiency can be realized when conducting encoding
utilizing the orthbgonal transform, by selecting
the blocking on the basis of the comparison of frequency
components produced by the difference of blocking as shown

~in Fig. 20.

Fig. 20 1s a block diagram of an example of the
blocking selection circuit 82. The predicting error signal
205 is stored in the odd field memory 61 for the odd field
and in the even field memory 62 for the even field. The
individual field blocking section 63 executes the_blocking
including'the pixels of only either the odd field or even
field within the block of (p pixels X q lines), and a



fields of the already encoded frane, and the prediction error signal output
neans for selecting, with a selector 21, the predictive signal indicating
the optimum prediction fromsignals including a first predictive signal
204a obtained by the notion conpensation fromthe odd field, a second

predi ctive signal 204b obtai ned by the notion conpensation fromthe even
field, and a third predictive signal 283c obtained by interpolating the
first and second predictive signals in order to obtain the difference from
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frequency analyzing circuit 66 such as that shown in Fig. 21
executes the frequency analysis. The blocking with fewer
high-frequency components is selected from the individual
field blocking and the combined field blocking to output the
blocking selection signal 211.

Fig. 21 is a block diagram of an example of thé
frequency analyzing sections 65 and 66. The signal obtained
by individually blocking the odd and even fields from the
individual field blocking circuit 63, and the signal
obtained by blocking the pixels of both odd and even fields
from the non-interlace blocking section 64, are supplied
to sections 85 and 68. These signals are converted to
a signal in the frequency domain from a éignal in the pixel
domain using the orthogonal transform 68. The high-
frequency components are extracted from the converted signal
in the frequency domain by a high-frequency component
selector 69 and the extracted high-frequency components
are totaled by a high-frequency component accumulator 70.
The accumulated high-frequency components are compared in
a high-frequency component comparing section 67 to select
the blocking with fewer amount high-frequency components,

Fig. 22 shows an example of the components '
accumulated by the high-frequency component adder 70 from
the orthogonal transformed frequency domain signal. Here,
eight components, for example, having'the maximum frequency
component in the vertical frequency component, are selected.

In this embodiment, the coding section 24 does not
use the selection information of predictive signals or
the selection information of blocking, but according to
another embodiment shown in Fig. 23, finer control is
possible and high encoding quality can be realized by
inputting an output of the selector 11 as the selection
signal for the predictive signal and the blocking selection
signal as the selection signal for the blocking to the



Thus, the hardware can be nminimzed in size and encoding wth higher
prediction efficiency can be realized by generating an interpolation signal

of the predictive signal

predi cted odd and even fields with notion conpensati on. Furt her
enbodi nent of Fig. 13 is an adaptive field/frame coding system
characterized in that the interpolati5ﬁ means for obtaining the third

predictive

si gnal

and

by sinply obtaining the arithnetic nmean of both

t he
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characteristic with the selected prediction signal and
the information of the selected blocking.

As explalned above, the embodiment of Fig. 7 relates
to a system for realizing predictive coding of an input
image signal obtained by the interlaced scanning method with
the motion compensation. The system includes motion
detecting means for obtaining, for the odd or even field
of the input image signal, the amount of displacement, in
order to carry out the individual motion compensated
prediction, in units of the block of (h pixels x m lines)

(n and m: positive integer) from both the odd and even
fields of the already encoded frame, and the prediction
error signal output means for selecting, with a selector 21,
the predictive signal indicating the optimum prediction from
signals including a first predictive signal 204a obtained
by the motion compensation from the odd field, a second
predictive signal 204b obtained by the motion compensation
from the even field, and a third predictive signal 204c
obtained by interpolating the first and second predictive
signals in order to obtain the difference from the field of
the input signal and output the result as the prediction
error signal.

Moreover, the embodiment of Fig. 7 is an adaptive
field/frame coding system characterized in that the
interpolation means for obtaining the third predictive
signal is the simple arithmetic mean of the first predictive
signal and the second predictive signal.

Thus, the hardware can be minimized in size and
encoding with higher prediction efficiency can be realized
by generating an interpolation signal of the predictive
signal by simply obtaining the arithmetic mean of both
predicted odd and even fields with motion compensation.

Further, the embodiment of Fig. 13 is an adaptive
field/frame coding system characterized in that the
interpolation means for obtaining the third predictive
signal 1s the weighted arithmetic mean of the first
predictive signal and the second predictive signal, also



-27- considering the tinme distance of the field used for the prediction
and the field to be encoded. Thus, encodi ng ensuring very high
prediction efficiency can be realized by generating the interpolation
signal fromthe weighted arithnmetic nean of both predicted odd and even
fields wth the notion conpensation, while considering the tine distance of
the fireld used for the prediction and_the field to be encoded. The
enbodi ment shown in Fig. 14 is an adaptive field/frame coding system

conpri si ngc.BRaNAeFPhgeRAR! tABle distance of the field used for
the prediction and the field to be encoded.

Thus, encoding ensuring very high prediction
efficiency can be realized by generating the interpolation
signal from the weighted arithmetic mean of both predicted
odd and even fields with the motion compensation, while
considering the time distance of the field used for the
prediction and the field to be encoded.

The embodiment shown in Fig. 14 is an adaptive
field/frame coding system comprising means for enabling
encoding by selecting blocking including the pixels of
either the odd field or even field within the block of
(p pixels x q lines), or blocking including the pixels
of both odd and even fields within the block of (p pixels
X q lines), in order to encode the prediction error signal
for the odd and even fields of the input image signal in
units of the block of (p pixels X q lines) (p and q:
positive integer).

Moreover, the embodiment shown in Fig. 14 is an
adaptive field/frame coding system characterized in that the
blocking means fbr enabling encoding while selecting the
blocks*comprises selecting means for selecting the blocking
with less information for encoding from blocking including
the pixels of only one of the odd field and even field
within the block of (p pixels X q lines), and blocking
including the pixels of both odd and even fields within the
block of (p pixels % q lines).

The embodiment shown in Fig. 19 is an adaptive
field/frame coding system characterized in that the blocking
means for enabling encoding while selecting the blocks
comprises means for selecting the blocking with less
encoding error from blocking including the pixels of only
one of the odd field and even field within the block of
(p pixels X q lines), and blocking including the pixels of
both odd and even fields within the block of (p pixels X q
lines). '



encodi ng by sel ecting bl ocking including the pixels of either the odd field
of even field within the block of (p pixels x g lines), or blocking

i ncluding the pixels of both odd and even fields within the block of .(p
pixels x g lines), in order to encode the prediction error signal for the
odd and even fields of the input image signal in units of the block of (p
pixels x q lines) (p and q: positive r&8eger). Mor eover, the

enbodi ment shown in Fig. 14 is an adaptive field/frame coding system
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W thin theless high-frequency components included in the signal to be
encoded from blocking including the pixels of only one of
the odd field and even field within the block of (p pixels x
q lines), and blocking including the pixels of both odd and
even fields within the block of (p pixels X g lines).

In addition, the embodiment shown in Fig. 23 is an
adaptive field/frame coding system characterized by enabling
encoding while selecting the quantization chéracteristic of
the transform coefficient in accordance with the seiected
predictive signal and the selected blocking, in the case
of employing the orthogonal transformer and carrying out
encoding by the quantization of transform coefficient in the
coding section for the encoding in units of the block of
(p pixels X q lines)..

In the above embodiments, an input image signal 201
is formed of the frame including the odd field and even
field. However, the use of the odd field and even field
is intended to show only an example, and the field is not
restricted to the 0dd or even field. The present invention
can be useful whenever one frame is divided into fields, the
odd field and even field being only examples of such fields
of a frame. For instance, the present invention can also be
applied to a case.of storing data by dividing the frame into
two fields every two lines by, for example defining the
first field as the 1st and 2nd lines and the second field
as the 3rd and 4th lines, and defining the first field as
the 5th and 6th lines and the second field as the 7th line
and 8th line, etc. Moreover, in addition to dividing a
frame into two kinds of fields, such as the odd field and
the even field or the first field and the second field, the
present invention can also be applied to the case of
dividing a frame into more than two fields, for example,
three or four kinds of fields. In such a case, the number
of fleld memories corresponds to the number of kinds of



bl ock of (p pixels x q lines). The enbodi nent shown in Fig. 19 is an
adaptive field/frame codi ng system characterized in that the bl ocking neans
for enabling encoding while selecting the bl ocks conprises neans for
selecting the blocking with | ess encoding error from bl ocking including the
pi xel s of only one of the odd field and even field within the block of (p

pi xels X g lines), and bl ocking inclug£ g the pixels of both odd and even
fields within the block of (p pixels x g | i nes).

fields. and the processing explained above is carried out
for each field.

In the above embodiments, the blocking selection
section selects the blocking from two kinds of blocking,
including the blocking of the pixels of only one of the odd
field and even field and the blocking of the pixels of both
odd and even fields. However, the blocking may include
various combinations when two or more fields are prepared
in addition to the odd and even fields. The blocks shown in
Figs. 18 (a), (b}, (c) are only examples and various block
forming methods may be used to form the block other than the
blocks of Fig. 186.

In the above embodiments, the blocking means shown
in Fig. 14 is used with the prediction error signal output
means and motion detecting means. Even if the sectlons
other than the blocking means 400 are replaced with
conventional means, the 8th and 9th aspects explained above
can be provided.

According to the 6th and 7th aspect.explained above,
a stable encoded image with high efficiency can be obtained
by individually searching the motion from each field of the
already encoded frame to predict each field and by
conducting adaptive prediction from the searched motion
compensated predictive signals (and interpolation signals).

In addition, according to the 8th and ch aspects
explained above, a stable encoded image with high efficiency
can also be obtained by adaptively selecting the encoding
from the blocking of the pixels of only one of the fields of
the frame to be encoded, and the encoding after conducting
the blocking of the pixels of the respective fields when
encoding the prediction error signal.



- 28- The enbodi ment shown in- Firg. 20 is an adaptive field/frane

codi ng systen1charac,ﬂ t he bl ocking means for enabling

encodi ng whil e sel ec llmgma %H! onprises selecting neans for selecting
the blocking with |es$ htg conponen‘o —Rekuded ip the signal to
be encoded from bl ocki ng i ncl ud| ng the pixels ﬂH&Sb&EE)'Ithgfggp_rqe odd field
and even field within the block of (p3firxels x q | i IREPLAG cki ng

i ncl udi ng _the pixels of both odd and even fi el k of (p

pi xel s X_S PLMES) . In addition, the enbodlnent shown in Fig. 23 is
an adaptiye fiel daf hagpteedi B 02 %I heMi Gl clodlinge Gyt canaiolri R@coding

an input image signal obtained by interlaced scanning in
units of the block of M pixels x N lines, comprising:

blocking means for selectively forming a first type
block including only the pixels of M pixels X N lines
belonging to the odd field of the input image signal or the
pixels of M pixels x N lines belonging to the even field
thereof, a second type block wherein the pixels of the M
pixels X N/2 lines belonging to the odd field and the pixels
of the N/2 lines belonging to the even field are arranged
alternately in every other line corresponding to scanning
positions on a display screen, a third type block wherein
the pixels of M pixels X N/2 lines belonging to the odd
field are arranged in the upper or lower half of the block
and the pixels of M pixels x N/2 lines belonging to the even
field are arranged in the remaining half of the block, and
a fourth type block wherein the pixels of M pixels X N/2
lines belonging to the odd field are arranged in the upper
or lower half of the block, the pixels of M pixels X N/2
lines belonging to the even field are arranged in the
remaining half of the block and the pixels of either field
are inverted upside down in the vertical direction with
_respect’fo the display screen;

blocking determining means for determining the type
of blocking by said blocking means;

transform means for orthogonally transforming the
block formed by said blocking means;

quantizing means for quantizing the transform
coefficient obtained by said transform means; and

coding means for encoding the quantized index
obtéined by said quantizing means.
2. An adaptive blocking image coding system according to
Claim 1 wherein said quantizing means for quantizing the
transform coefficient variably controls the quantization

accuracy in accordance with the type of arrangement provided

by said blocking means.
This Sheet Ha.
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encodi ng while selecting the quantization characteristic of the transform
coefficient in acordance with the sel ected prec?’%ihmel—lzsiag@aieplg&? t he
S

sel ect ed bl ockin ' ' ‘ﬂ enpl oyi ng the - - ormer and
carrying out enca“lw“mm“;mu tization of trang ﬂUMent in the
codi ng section fOk e encodisng*in'units of the-block o els x q
l'ines). In the above enbodi ment3l-an I nput imge signal 201 is

[ormed of Bhe T o0 ADShBUh L0058 [hskd Aot ¥ Brlheh it SRS s e
and the fie@laims2neiteresd rsali@deédindemedls of oevemcdd bhgl. tHdeqpamsened
frerd and SoorerosPalang 1Y Qe LEaiy LTy Srdidtoll a8bPeLefude, 20 O
i nst ance, dé&tepnigesntthevesanpingaseatenccofippiartizbng theetoinsformng
data by di¥$9ffgci@ﬁtffﬁ“@bég}&hnce with the type of arrangement to be
blocked by said blocking means. ,
4. An adaptive blocking image coding system according to
Claim 2 further comprising blocking determining means for
determining the type of arrangement to be blocked in said
blocking means in accordance with the value obtained by
"multiplying a predetermined weighting coefficient with the
pixels of each line included in the block and then totaling
the multiplied values.,
5. An adaptive blocking image coding system according to
Claim 2 further comprising blocking determining means for
determining the type of arrangement having the minimum
coefficient power of a predetermined high—frequency'
component among the transform coefficients obtained by the
discrete cosine transform of the block.

6. A coding system comprising:

(a) input means for inputting an input signal to be
_encoded;

(b) a field memory for storing the input signal by

dividing said signal into a plurality of fields such
~as the odd field and even field;

(c) predictive signal output means for outputting
a plurality of predictive signals predicting the
change of input signal corresponded to each signal
stored in said field memory;

(d) a selector for selecting a predictive signal from the

' predictive signals provided by said predictive signal
output means; and '

(e) coding means for encoding the input signal using the
relationship between said predictive signal selected
by said selector and the input signal from said input
means. .

T. A coding system according to Claim 6 further

comprising an interpolation means for outputting an



two fields every—two-1ines-by,~for exanple defini ﬁ?’&;ﬂa&}%%‘g field as the

and 2nd |inpes and the second field as the 3rd lacegind
field as
g a frame

1st. . ( .
serv ot e | oo o ocees AAMEHILY

into two kinds of fields, such as the odd flield amd-the even field or the
first field and the second field, trmf%%?ﬁ; rnvention can al so be applied

to the casg of dividi a | nt re, than two fields r, exanpl e,

threo or ToreniaAnted hfed {8Tee, "R b s hae b e o 6 6 o f e

corr espondsi gmalfheofharimEiumgl kindst ofypes from sald predictive signal
output means. '

8. A coding system comprising:

(a) an input means for inputting an input signal to be
encoded by division into a plurality of fields, such
as an odd field and even field;

{(b) a blocking selection section for selecting, at the
time of blocking and encoding the signal from said
input means, a block suitable for the encoding
from the block consisting of the signal of only one
kind of field and the block consisting of the signal
combining signals of a plurality of fields;

(c) a block forming section for forming a block selected
by said blopking selection section; and
(d) coding means for encoding a block formed by said

block forming section.

- 9. A coding system according to Claim 8 wherein said
blocking selection means comprises at least one of the
following selecting means:

(a) selecting means for selecting, from a plurality
kinds of blocks, the block with the least amount of
encoding information generated; _

(b} selecting means for selecting, from a plurality kinds
of blocks, the block with the least amount of
encoding errors; and

(c) selecting means for selecting, from a plurality kinds
of blocks, the block with the least amount of high-
frequency components contained in the signal to be
encoded.

10. A coding system according to Claim 7 wherein said

interpolation means produces the interpolated signal by

computing the arithmetic mean of the plurality of predicti#e

signals. _

11. A coding system according to Claim 7 wherein said

interpolation means produces the interpolated signél by

computing the arithmetic mean of the plurality of predictive

signals weighted by predetermined weighting factors.



-29- fields, and the processing explained above is carried out for each
field. In the above enbodi nents, the bl ocking selection section
sel ects the bl ocking fromtwo kinds of blocking, including the blocking of

the pixels of only one of the odd field and ey | ocki ng of
the pixels of both odd and even fields. Howeve¢dHIS BHEET HABIBEENRY i ncl ude
various conbi nati ons when two or nore fields are prREMAEEDI n addition to

the odd and even fields. The bl ocks shew3-in

IMAGE SIGNAL CODING SYSTEM
ABSTRACT OF THE DISCLOSURE:

An adaptive blocking coding system selects an
effective blocking of an input image signal to be encoded
in accordance with the correlation between flelds, even if
motion is detected between the fields. The blocking
patterns include an individual field blocking, a non-
interlace blocking, a split blocking and an inverted split

blocking. Further, the coding system searches for motion
from both odd and even fields of a frame for producing

a motion compensated prediction signal in order to provide
high-efficient coding.

FIGURE 5
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Figé. 16 (a), (b), (c) are only exanples and various block form ng nethods

may be used to formthe block other than the blocks of Fig. 16. I n
t he above enbodi nments,

t he bl ocki ng nmeans shown in Fig. 14 is used with the
predi ction error signal output neans and notion detecting neans.

Even if
t he sections other than the bl ocking neans 400 are replaced with
conventi onal

means, the 8th and 9th aspecis expl ai ned above can be

provi ded. According to the 6th and 7th aspect expl ai ned above, a
stabl e encoded image with high efficiency can be obtained by individually
searching the notion fromeach field of the already encoded frane to

predi ct each field and by conducting adaptive predictilon fromthe searched
notion conpensated predictive signals (and interpol

atdnon |si gnal s) .
I'n addition, according to the 8th and 9th aspegqts~ Z
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expl ai ned above, a stable encoded image with high efficiency can al so be
obt ai ned by adaptively selecting the encoding fromthe bl ocking of the
pi xel s of only one of the fields of the frame to be encoded, and the
encodi ng after conducting the bl ocking of the pixels of the respective
fiel ds when encodi ng the prediction erroy si gnal .
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- .30 - CLAI ME: 1. A video signal conversion systemfor converting
a first notion video signal representative of sequential video inages
including first and second video images into a second notion video signal
conpri si ng: a field nenory for storing information
representative of a first video image as,plural imge fields;

a predictive signal generator, operatiVe?y‘connected to said field nenory,
and supplying plural predictive signals fromsaid plural inage fields

Flg '3 PRIOR ART
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00000000 00000000
EEEERCII0 EEEEENENERN
A NON-INTERLACE IS ‘B NON-INTERLACE IS
SUITABLE NOT SUITABLE
00000000 EEENNEND
00000000 EENEENOD
00000000 EEEEECIOC
00000000 NENENIOD
00000000 EEENEEOOD
00000000 EEEEEIOC
00000000 EEEEEIOD
00000000 NEEREOOOD

C INDIVIDUAL FIELD BLOCKING IS SUITABLE

(O:0DD FIELD

[J: EVEN FIELD

THIS DENOTATION (S USED ONLY HERE.



stored in said field nmenory; an interpol ator, operatively
connected to said field nmenory and interpolating at |east sone of the
plurality of predictive signhals and for generating an interpol ated
predictive signal which is different fromany of the plurality of
predictive signals supplied by said predictive signal generator;

a selector, receiving the plural preditt?vé signals and the interpol at ed
predictive signal, and selecting a predictive signal fromthe plurality of
predictive signals and the interpol ated predictive signal;

wherein a signal representative of the second video i mage of the first
notion video signal is arranged into bl ocks assenbled froma predictive
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to renove the bl ocking
produced by said
pr oduced

representative of the
obtai ned from said
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operatively connected to said bl ock

a conbi ner,

second video image into the predictive error signal
def ormer and conbining said predictive error signal

a bl ock deforner deconposing the bl ocked signa
t herefrom and

conversion systemof claim1l
sai d adder adding said predictive

&

The vi deo si gral

_ i ncl udes an adder,
fromsaid bl ock defornmer and said interpol ated signal

by said interpolator and supplying the output thereof to said field nenory.

bl ock deformer wth said interpol ated predictive signa
2.

wherei n said conbi ner

I nt er pol at or.
error signa
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3. The video signal conversion systemof claim2 further conprising:
a‘subtracter, operatively connected to said selector, and subtracting one
of said plural predictive signals including said interpolated predictive
signal froma signal representative of the second video imge of said first

notion video signal to formthe predictive error signal; a
bl ock former, operatively connected to"shid subtracter, and formng said
predictive error signal into blocks; an encoder, operatively

connected to said block fornmer, and encodi ng the bl ocked predictive error
signal to form-an encoded predictive error signal; and
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means,
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encoded predictive error signal for supply to said bl ock deformer. 4.
The video signal conversion systemof claim2 further conpri sing:

nmeans, operatively connected to said block deformer, for decodi ng an
encoded predictive error signal for supply to said adder. 5. The
vi deo signal conversion systemfor claimg2 wherein the interpol ator
produces the interpol ated predictive sfgﬁar by conputing the arithnetic
nmean of at |east sone of the plural predictive signals. 6. The
vi deo signal conversion systemof claim5 wherein said

Fig. 9 2040
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arithmetic mean is a weighted arithnetic nean. 7. The vi deo
signal conversion systemof claim1l wherein said block defornmer deconposes
t he bl ock encoded video information signal into a predictive error signal
whi ch includes pixels for one of said plurality of fields or pixels for
both of said plurality of fields of the fjrst video inage. 8. A
vi deo signal conversion system for coﬁVéV*th a first notion video signal
representative of sequential video imges including first and second video
i mages into a second notion video signal conprising: afield
menory for storing information representative of a first video i mage as
plural imge fields;

Fig. 11
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a predictive signal generator, operatively connected to said field nenory,
and supplying plural predictive signals fromsaid plural inage fields
REPLACEMENT SHEET - 33 -
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stored in said field nmenory; an interpol ator, operatively
connected to said field nenory, and interpolating at |east sone of the
plurality of predictive signhals and for generating an interpol ated
predictive signal which is different fromany of the plurality of
predictive signals supplied by said pregéctive si gnal generator;

wherein a signal representative of thé cond video i mage of the first
notion video signal is arranged into bl ocks assenbled froma predictive
error signal developed froma difference between said first video i nage and
t he second vi deo i mage; a bl ock deforner deconposing the

bl ocked signal. representative of

Fig. 13
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the second video inmage into a predictive error signal to renove the

bl ocki ng therefrom and a conbi ner, operatively connected to
sai d bl ock defornmer and conbining said predictive error signal obtained
fromsaid block deforner with said interpolated predictive signal produced
by said interpolator. 9. The %ideo si gnal conversion system of
claim 8 wherein said conbiner includeg an adder, said adder adding said
predictive error signal fromsaid bl ock deforner and said interpol ated
signal produced by said interpolator and supplying the output thereof to

said field nenory. 10. The video signal conversion system of claim
9 further conprighng:
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and

predi ctive signals including said

operatively connected to said interpolator,

subtracting one of said plural

a subtracter,
i nt er pol at ed
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predictive signal froma signal representative of the second video inage of
said first notion video signal to formthe predictive error signal

a block former, operatively connected to said subtracted, and form ng said
predictive error signal into blocks; an encoder, operatively
connected to said block fornmer, and encq@%ng t he bl ocked predictive error
signal to forman encoded predictive err signal; and nmeans,
operatively connected to said encoder, for decoding the encoded predictive
error signal for supply to said bl ock deforner.

Fig. 16
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11. The video signal conversion systemof claim9 further

conpri si ng: means, operatively connected to said bl ock
deforner, for decoding an encoded predictive error signal for supply to
sai d adder. 12. The video signal conversion system of claim 8

wherein the interpol ator produces the_ig erpol ated predictive signal by
conputing the arithnmetic nmean of at |ea sone of the plural predictive
si gnal s. 13. The video signal conversion systemof claim12
wherein said arithnmetic nean is a weighted arithnetic nean.

Fig 17
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14. The video signal conversion systemof claim9 further conpri sing:
a selector, operatively connected to said predictive signal generator,

REPLACEMVENT SHEET - 35 -
i nt erpol ator and conbi ner, for receiving the predictive signals including
t he
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interpolated predictive signal and for selecting a predictive signal from
the plurality of predictive signals and the interpolated predictive signal.
15. The video signal conversion systemof claim8 wherein said bl ock
def ormer deconposes the bl ock encoded video information signal into a
predictive error signal which includes Eixgls for one of the said plurality
of fields or pixels for both of said pl Pality of fields of the first video
i mge. 16. A video signal conversion systemfor converting a first
notion video signal representative of sequential video imges including
first and second video imges into a second notion video signal conprising:
a field nenory for storing information representative of a first
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video i mage as plural image fields; a predictive signa
generator, operatively connected to said field nenory, and supplying pl ural
predictive signals fromsaid plural image fields stored in said field
menory;, an interpol ator, operatively connected to said field
menory, and interpolating at |east sor f the plurality of predictive
signals and for generating an interpol ated predictive signal which is
different fromany of the plurality of predictive signals supplied by said
predi ctive signal generator, wherein a signal representative
of the second video inmage of the first notion video signal is arranged into
bl ocks assenbled froma predictive
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error signal developed froma difference between said first video i nage and
t he -36- second vi deo i mage,
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1

neans for decoding the predictive error signal; a- bl ock
def or mer deconposi ng the bl ocked signal representative of the second video
i mage into the predictive error signal to renove the bl ocking therefrom

a conbiner, operatively connected to said bl ock deformer, and conbi ni ng
said predictive error signal obtained fyomsaid block deformer with said

I nterpol ated predictive signal produced by said interpolator

nmeans for generating a reproduced video signal based on the predictive
error signal; and

209
A

~ 2
w—
N7 X%
Ll
T
F <
o 10 ®
> N §
= 8 o t&
el | &
28| g¢o|2
S5 8] 153
o |B2
< A |
Nl O d
prd
= o) »
8 | K N l,c/\i 58]
O o okt O
© O _DJ N
‘ o3P 2 z||Ex| V
M ZE L o
= O
Oy B 53| |lag||& 2|8
tu
1 Q > Wl o
(ONT) o o 2 2| N
3 ZZ - W 31]
O ¥ = il o [~
- 0= [ <A
98 Q <
) o
@l =19 | o
e o < =
N o o < <
et § |8 B
N 7 I &
e d z N
+ N n = s
&1 :
}—
S o
€
- 55
Q7 =0




ns for outputting the reproduced vi deo signal . 17. The vi deo
gignal conversi on systemof claim1, wherein said first noti
is an original vi The video signal dﬁgﬂétgﬁggi§¥gg*

of claim1, Where;rﬂmggﬁ “Iﬂg‘wmﬂ' on video signal is encoded i mage data of

an original video

i gi i * The vi deo si g_g_a_L_f_o.mLeLa-en—@-gstem of
claim8, wherein said first notion video signal ip mLmﬂWNTaSHQETd 0 i mage.
- 30 - 3 1 AUG 1999
CLAIMS:
1. A video signal conversion system for converting a first motion

video signal representative of sequential video images including first and

second video images into a second motion video signal comprising:

a field-memory for storing information representative of a first

video image as plural image fields;

a predictive signal generator, operatively connected to said field
memory, and supplying plural predictive signals from said plural image fields

stored in said field memory;

an interpolator, operatively connected to said field memory and
interpolating at least some of the plurality of predictive signals and for
generating an interpolated predictive signal which is different from any of the
plurality of predictive signals supplied by said predictive signal generator;

a selector, receiving the plural predictive signals and the
(N interpolated predictive signal, and selecting a predictive signal from the
plurality of predictive signals and the interpolated predictive signal;

wherein a signal representative of the second video image of the
first motion video signal is arranged into blocks assembled from a predictive
error signal developed from a difference between said first video image and the

second video image;



ﬁgt _ dThe Vi delo si gnal gogv’ersi ;ondsyst emof claim8, wherein said first
ion video signal is encoded inage da id |
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a block deformer decomposing the blocked signal representative of

3 1 AUG 1999
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the second video image into the predictive error signal to remove the blocking

therefrom; and

a combiner, operatively connected to said block deformer and
combining said predictive error signal obtained from said block deformer with

said interpolated predictive signal produced by said interpolator.

Y 2. The video signal conversion system of claim 1 wherein said
combiner includes an adder, said adder adding said predictive error signal from
said block deformer and said interpolated signal produced by said interpolator
and supplying the output thereof to said field memory.

3. The video signal conversion system of claim 2 further comprising:

a subtracter, operatively connected to said selector, and subtracting
one of said plural predictive signals including said interpolated predictive
signal from a signal representative of the second video image of said first
motion video signal to form the predictive error signal;

a block former, operatively connected to said subtracter, and

forming said predictive error signal into blocks;
an encoder, operatively connected to said block former, and
encoding the blocked predictive error signal to form an encoded predictive

error signal; and

means, operatively connected to said encoder, for decoding the



21. The video signal conversion system of claim18, wherein said first
motion video signal is an original video inege:

conversion systemof claim 18, wherein said
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encoded predictive error signal for supply to said block deformer.
4, The video signal conversion system of claim 2 further comprising:

means, operatively connected to said block deformer, for decoding

an encoded predictive error signal for supply to said adder.

5. The video signal conversion system for claim 2 wherein the.
interpolator produces the interpolated predictive signal by computing the

arithmetic mean of at least some of the plural predictive signals.

6. The video signal conversion system of claim 5 wherein said

arithmetic mean is a weighted arithmetic mean.

7. The video signal conversion system of claim 1 wherein said block
deformer decomposes the block encoded video information signal into a
predictive error signal which includes pixels for one of said plurality of fields
or pixels for both of said plurality of fields of the first video image.

8. A video signal conversion system for converting a first motion
video signal representative of sequential video images including first and

second video images into a second motion video signal comprising:

a field memory for storing information representative of a first

video image as plural image fields;

a predictive signal generator, operatively connected to said field

memory, and supplying plural predictive signals from said plural image fields
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stored in said field memory;

an interpolator, operatively connected to said field memory, and
interpolating at least some of the plurality of predictive signals and for
generating an interpolated predictive signal which is different from any of the
plurality of predictive signals supplied by said predictive signal generator;

wherein a signal representative of the second video image of the
first motion video signal is arranged into blocks assembled from a predictive
error signal developed from a difference between said first video image and the

second video image;

a block deformer decomposing the blocked signal representative of
the second video image into a predictive error signal to remove the blocking

therefrom; and

a combiner, operatively connected to said block deformer and
combining said predictive error signal obtained from said block deformer with

said interpolated predictive signal produced by said interpolater.

9. The video signal conversion system of claim 8 wherein said
combiner includes an adder, said adder adding said predictive error signal from
said block deformer and said interpolated signal produced by said interpolator
and supplying the output thereof to said field memory.

10. The video signal conversion system of claim 9 further comprising:

a subtracter, operatively connected to said interpolator, and
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subtracting one of said plural predictive signals including said interpolated

predictive signal from a signal representative of the second video image of said

first motion video signal to form the predictive error signal;

a block former, operatively connected to said subtracter, and

forming said predictive error signal into blocks;

an encoder, operatively connected to said block - former, and
encoding the blocked predictive error signal to form an encoded predictive

error signal; and

means, operatively connected to said encoder, for decoding the

encoded predictive error signal for supply to said block deformer.
11. The video signal conversion system of claim 9 further comprising:

means, operatively connected to said block deformer, for decoding

an encoded predictive error signal for supply to said adder.

12. The video signal conversion system of claim 8 wherein the
interpolator produces the interpolated predictive ‘'signal by computing the
arithmetic mean of at least some of the plural predictive signals.

13. The video signal conversion system of claim 12 wherein said

arithmetic mean is a weighted arithmetic mean.

14. The video signal conversion system of claim 9 further comprising:

a selector, operatively connected to said predictive signal generator,
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interpolator and combiner, for receiving the predictive signals including the

interpolated predictive signal and for selecting a predictive signal from the
plurality of predictive signals and the interpolated predictive signal.

15. The video signal conversion system of claim 8 wherein said block
deformer decomposes the block encoded video. information signal into a
predictive error signal which includes pixels for.one of the said plurality of

fields or pixels for both of said plurality of fields of the first video image.

16. . A video signal conversion system for converting 2 first motion
video signal representative of sequential video images including first and

second video images into a second motion video signal comprising:

a field memory for storing information representative of a first

video image as plural image fields;

a predictive signal generator, operatively connected to said field
memory, and supplying plural predictive signals from said plural image fields

stored in said field memory;

an interpolator, operatively connected to said field memory, and
interpolating at least some of the plurality of predictive signals and for
generating an interpolated predictive signal which is different from any of the
plurality of predictive signals supplied by said predictive signal generator;

wherein a signal representative of the second video image of the
first motion video signal is arranged into blocks assembled from a predictive

error signal developed from a difference between said first video image and the



REPLACEMENT SHEET

———

B L L B s—

c

- 36 - 3 1 AUG 1999

second video image;

means for decoding the predictive error signal;

ablock deformer decomposing the blocked signal representative of-
the second video image into the predictive error signal to remove the blocking
therefrom;-

a combiner, operatively connected to said block deformer, and
combining said predictive error signal obtained from said block deformer with

said interpolated predictive signal produced by said interpolator;

means for generating a reproduced video signal based on the

predictive error signal; and
means for outputting the reproduced video signal.

17. The video signal conversion system of claim 1, wherein said first

motion video signal is an original video image.

18. The video signal conversion system of claim 1, wherein said first

motion video signal is encoded image data of an original video image.

19. The video signal conversion system of claim 8, wherein said first

motion video signal is an original video image.

20. The video signal conversion system of claim 8, wherein said first

motion video signal is encoded image data of an original video image.
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21. The video signal conversion system of claim 18, wherein said first

motion video signal is an original video image.

22. The video signal conversion system of claim 18, wherein said first

motion video signal is encoded image data of an original video image.
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IMAGE SIGNAL CODING SYSTEM
ABSTRACT OF THE DISCLOSURE:

An adaptive blocking coding system selects an
effective blocking of an input 1maée signal to be encoded
in accordance with the correlation between fields, even if
motion is detected between the fields. The blocking
patterns include an individual field blocking, a non-
interlace blocking, a split blocking and an inverted split
blocking. Further, the coding system searches for motion
from both odd and even fields of a frame for producing

a motion compensated prediction signal in order to provide
high-efficient coding.

FIGURE 5
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