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TI TLE OF THE | NVENTI ON NbV|ng Picture Processing Method BACKGRCUND OF THE

| NVENTI ON - This invention relates to a noving plcture proceSS|ng devi ce
for proce33|ng a moving picture containing a redungant. pi.cture. More. ~~m1
partlcularly, it relates to a noving picture p¥oceSS|ng ‘device for “f
processi ng novi ng picture signals obt & ned onﬁghoto-z electric, converS|gn
of -a-sourgaLef oer TgENaNvpNTtones, such as a tion plcture film

i ntercennecting plural devices handling movi ng pictures for providing- a-
novi ng piMvimg |fricdessi Rgosysténp Methsdnecessary to synchr-oni-ze the: ... i
novi ng plctures In general, one of the devices of the system.is. used.as
a referer& P OF o 1 NYENAZQ ces are caused to follow up with the
reference deV|ce This .reference device is terned a master and th
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More particularly, it relates to a moving picture processing

or;

dev1ce for processing moving picture s1gna1s obta1ned on photo-
e]ectr1c conversion of a source of original p1ctures such as a
motion picture film.

For interconnecting plural devices handling moving pictures
for providing a moving picture processing system, it is necessary
td synchronize the moving pictures. In general, one of the
devices of the system is used as a reference and the remaining
devices are caused to follow up with the reference device. This
reference device is termed a master and the remaining devices are
termed slave deices. The master device is exemplified by a video
camera,. a VTR, a video disc or a computer, as a supply source for
moving pictures, while the slave device is exemplified by an
encoder, a VTR or a monitor designed to process the supplied
moving pictures.

The synchronijzation signal suppiied from the master device
is supplied as a reference clock for a phase locked loop (PLL)

of the system. =

An ililustrative moving picture encoding system is shown in

Fig.1



nmovi ng pictures, while the slave device is exenplified by an encoder, a
VIR or a nonitor designed to process the supplied noving pictures.

The synchroni zati on signal supplied fromthe nmaster device is supplied as
a reference clock for a phase |ocked | Qop (PLL) of the system An
iIlustrative noving picture encoding sgsten1is shown in Fig. 1.
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cl ocks for an encoder 101, clocks for a local decoder 102, or dlsplay

cl ocks. s@htaeselocles pfet use spbobeenihpati eMockBpdbrS2, mmpl it Jderin a

digital VIR 100 of a picture input device 10, as a supply source for the

movi ng pi t@resl déppésentciogkst.er @fomksse a piftel renceh ety @fizdtei arovi ng

pictures %gpgttgghnggg§11ed from a digital VTR 100 of a picture 1input
device 10, as a supply source for the moving pictures, represent
master clocks.

Tpe encoding of the moving picturgs is a technique
recognized to be indispensable for reducing transmission costs
at the time of digital transmission of moving pictures.

For example, a picture processor 20 is made up of the
encoder 101 and the local decider 102, and implements a hybrid
encoding method consisting in thé combination of motion
compensation prediction and DCT well-known in so-called MPEG 2
(ISO/IEC 13813-2).

An input picture S1 is given at a rate of 30 frames/second
(60 fields/second) or 25 frames/second (50 fields/second).

In Fig.2, the fields shown by intersected hatching denote
top fields or odd fields, while the fields shown by hatching
denote bottom fields or even fields. In the present example, each
frame is necessarily constituted by a pair of fields. Thus a
frame synchronization signal S2 is supplied in synchronism with
each frame. 1In this case, all input pictures are encoded by the
picture processor 20 of Fig.1, with the encoder 101 being in

operation by being locked by the frame synchronization signal S2.

If the input picture S1 is free of redundant fields, the



recogni zed to be indi spensable for reducing transm ssion costs at the tine
of digital transm ssion of noving pictures. For exanple, a picture
processor 20 is nade up of the -encoder 101 and the |ocal decider 102,
and inplements a hybrid encoding nethod consisting in the conbination of
notion conpensation prediction and DCT3wel | -known in so-called MPEG 2
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franes/ second fields secon or 25 frames/second (50 f |elds/second§.

In Fig. 2, the fflrelnds3§hewﬂoby2aateﬁsecgﬁm heg ching denote top fields or
odd fields, while the fields shown by hatching denote bottomfields or

even fields. |nHblwevpresemérexaloecagdohs Whanein srevboessdr iplig tooest arat ed
by a pair of fields. Thus a frame synchronization signal S2 is supplied
i n synchr ogiosrhaiined isathefiapet pmctlire $hse, all input pictures are

encoded by the plcture processor 20 of Fig.1l, with the encoder 1Q1 being
in operation byYs& A§IHBERBY BycﬁHéefﬂén@°§§ﬁéﬁ?8nﬂEaFPSanVQHEIpSQture
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photoj91ectric conversion. That is, the numper of picture frames
of the motion picture fﬁ]m as an original picture source is 24
per second, whereas that of the NTSC television system is 30
frames (60 fields) per second. For compensating the six frames
(12 fields) per second which fall in shortage, the same fields
are repeated at a rate of one field per two picture frames for
converting the two picture frames into five fields for thereby
converting the 24 picture frames 1into 60 fields, that is 30
frames. This method 1is termed 3:2 pull-down, as will be
explained subsequently 1in detajil. The repeated fields are the
same as the previous fields and represent redundant pictures.

wWith the moving picture encoding system, the data volume is
diminished by detecting and not encoding the redundant pictures.
Thus, although not shown in the example of Fig.1,_the encoder 101
detects the redundant pictures in the pre—-processing process and
simply omits encoding the redundant pictures.

This processing manner is shown specifically in Fig.3.

In the present embodiment, the redundant pictures are shown

by plain textured fields and are not encoded.



3 noving picture encodi ng systemoperates without fail by enploying the
frame synchroni zati on signal S2. However, there are occasions wherein
redundant pictures are contained in the input picture S1. Such
redundant picture is contained in the noving picture obtained on recording
e.g. a notion picture filmin a VIR by 4 photo-el ectric conversion. That is,
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pi cturesource is 24 per second, whereas that of the NTSC television
system i sa80 tHe agese 60y f ipele@ipbuperoseceondid, Fommecenpensat i rigpet hel &1 rx-
franes (12 fields) per second which fall in shortage, the sane fields are
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The timing of the frame entering thg next-stage picture
processor is asynchronoug with respect to the frame
synchronization signal S2, as may be seen by a timing pulse 83,
such that there is no possibility of locking with respect to the
"frame synchronization signal S$2. The result is that, with the
moving picture processing system of Fig.1 employing the frame
synchronization signal S2 in the picture processing system, the
frame synchronization signal S2 cannot be used in e.g., the
picture processor 20.

On the other hand, in case of processing not only the usual
moving pictures shown 1in Fig.2 but also the moving pictures
including redundant pictures shown in Fig.3. the processing by
the picture processor 20 is increased in complexity depending on
whether or not the pre-processing is to be performed.

In addition, with a series of moving pictures containing
redundant pictures in an irregular manner, the frame timing may
be changed irregularly in a more complex fashion. Thera lacks
up to now a picture processing device capable of coping with all

of these variable timings, while it is difficult to produce such



di m ni shed by detecting and not encodi ng the redundant pictures. Thus,
al t hough not shown in the exanple of Fig.1l, the encoder 101 detects the
redundant pictures in the pre-processing process and sinply omts
encodi ng the redundant pictures. . This processing manner is shown
specifically in Fig.3. In the pbesent enbodi nent, the redundant
pi ctures ar; i ured fields and are not encoded.
4 M %t1§éﬁgﬁ\$?rr19%§§tslﬁjbgdg?%?%'is the odd field, it is the same as
the direciosyecpsexiousumaddyfoel 8ie woeegpson if the plain-  textured
field is the even field, it I1s the sane as the directly previous even
field. Thus, one fiel dheseebrai nat edbgwety offi vehe f ipalede randi mav et émpitio
frame is produced by two consecutive fields next to the elimnated field.
The tim ngrofvidiee af metdoshtaard ngrpheahext fgt ageopeesiing mprovesPoctuires
asynchr onous W th respect to the frame .

capable of processing moving pictures containing redundant

pictures at a pre-set period or in an irregular fashion.

{; is another object of the present invention to provide a
technique in a picture processing system employing a picture
synchronization input from the picture input device as master
clocks, according to which, even in such case wherein a string
of pictures entering the next-stage picture processor is not
Tocked with respect to the synchronization input of the original
input moving picture due to pre-processing of eliminating
redundant pictures from the original input picture supplied from
the picture inputting device, processed pictures can be outputted
by picture processing employing the synchronization input of the
original input picture as master clocks of the picture processing
system,

Thus, it is yet another object of the present invention to
provide a technique whereby a synchronization signal for an input
frame or field may also be.emp1oyed in an encoder.

In one aspect, the present invention provides a method for
processing a moving picture in which input digital moving“picture
signals of a pre-set picture rate are processed in accordance

with pre-set picture processing and for transmitting the



synchroni zation signal S2, as may be seen by a timng pulse S3, such that
there is no possibility of locking with respect to the frane

synchroni zation signal S2. The result is that, with the noving picture
processi ng systemof Fig.1l enploying the frane synchronization signal S2
In the picture processing system the f r ane synchroni zation signal S2
cannot berdsedsedn Eidital tPectPr6t Wignpnecessy 2Aput digi@ait heooiher
hand, in case of processing not only the usual noving pictures shown in
Fi g. 2 but pdksoreheigpringapi cturas fiend udiaty mesduidtanmephotulies’gtiosnai n
Fig.3. the processing b the picture processor 20 is increased in
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per f or med. In addition, with a series of npvin %ﬁ{ctures cont ai ni ng
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timngs, WidiQiidg, SeAbhfiLult LiQgPr 9duUCE SN pictures from which the
redundant fields have been eliminated, the combination of a top
fie]d.énd a bottom field constitdting a frame to be processed in
accordance with the pre—-set picture processing, and outputting
the results of decision, a fourth step of inserting é pre-set
signal in the field picture string from which the redundant field
has been eliminated for generating picture signals for
processing having the same picture rate as.the rate of the input
digital picture signal, and a fifth step of processing the
picture signals for processing in accordance with the pre-set
picture processing based upon the results of decision. In this
manner, the moving pictures containing the redundant pictures at
a constant period or at irregular intervals may be converted to
new picture string signals synchronized with the input picture
synchronization signals.

Preferably, the method also 1'nc1'udes a sixth step of
appending to the picture signals for processing the subsidiary
information employed for processing the picture signals for
processing by the pre-set picture processing.

Preferably, the input digital moving picture signal is a



5 picture processing device. OBJECTS AND SUMVARY OF THE | NVENTI ON It
Is therefore an object of the present invention to provide a nethod and
apparatus for processing noving pictures capable of processing noving

pi ctures containing redundant pictures at a pre-set period or in an

i rregul ar fashion. It is another7object of the present invention to
provi de aighedhgergpreatiad ayps c el prduees aickg rey steto evpl adyieag happcetiaee
synchroni zation i nput fromthe picture input device as master cl ocks,
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the subsidiary information. |

I% the input digital moving picture signal is a signal
generated by 3:2 pull-down according to which each pictﬁre of an
original image is read out in two or three fields for changing
the picture rate, the subsidiary information includes a first
flag specifying which of the top field and the bottom field has
been read out first when processing the original image, a second
flag specifying whether each picture of the original image has
been read out with three fields or with two fields, and a third
flag specifying which picture signals of the picture signals for
processing are the inserted pre-set signals. In this manner,
picture processing may be carried out correctly.

In the sixth step, pre-set picture processing is preferably
eﬁcoding for compression and the encoding for combression is not
executed for picture signals for processing to which the third
flag is appended.

In the first step, the redundant field 1is detected by

calculating the inter—-field correlation of the input digital

moving picture signal.



provi de a techni que whereby a synchroni zation signal for an input frame or
field my al so be enployed in an encoder. In one aspect, the present
i nvention provides a nethod for processing a noving picture in which input
digital noving picture signals of a pre-set picture rate are processed in
accordance wth pre-set picture proce§sing and for transmtting the

6 processed diRjietdralpiyt utiee sirgraks. sithelsi ninger tidyi tal thapwingure
picture-signal_has plural field pictures. The nethod includes a first step
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be procesgediifengfgordance with the pre-set picture processing, and
outputting the results of decision, a fourth step of inserting a pre-set

If the input digital moving picture signal is a signal
generated by 3:2 pull-down according to which each picture of an
origi&é1 image is read out in two or three fields for changing
the picture rate, a redundant field is detected by calculating
the inter-field correlation between picture signals of the
current field of the input digital moving picture signals gnd
picture signals delayed therefrom by two fields, the number of
the input fields of the input digital moving picture signals is
counted, it is then judged whether the count value is a pre-set
value, and the redundant field is detected from the results of
decision and the inter-field correlation, so that the redundant
field may be detected reliably.

If the input digital moving picture signal is a signal
generated by 3:2 pull-down according to which each picture of an
original image is read out in two or three fields for changing
the picture rate, the subsidiary information includes a first
flag specifying which of the top field and the bottom field has
been read out first when processing the original image, a second
flag specifying whether each picture of-the original image has

been read out with three fields or with two fields, and a third
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t he redundant pictures at a constant period or.at irregular

in the field picture string fromwhich the redundant field has
been elimnated for generating picture signals for

having the sane picture rate as the rate of the input digital

processi ng

pi cture
and a fifth step of proces§;ng the picture signals for
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each picCture
fields are restored from picture signals for processing generated

by removing the redundant fields from the digital moving picture

signa1é made up of a plurality of field pictures, inserting pre-
set invalid signals corresponding to said redundant fields into
the digital moving picture signals from which the redundant
fields have been removed .and by appending the subsidiary
information for controlling the picture processing. The method
includes a first step of removing the subsidiary information from
the picture signals for processing, a second step of removing the
jnvalid signals from the picture signals for processing using the
subsidiary information, and a third step of repeating picture
signals of a portion of a picture signal string from which the
invalid signals have been removed for generating the redundant
fields for restoring fhe digital picture signals of the pre-set
picture rate. In this manner, digital moving picture signals
for display may be produced easiiy.

Thus, in a moving picture processing system employing a
picture synchronization. input supplied from a picture inputting
device as master clocks, if a picture string for processing B to

be inputted to a picture processing device A of the next stage

&M Aput
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of an original image is read out in two or three fields for changing the
picture rate. By appending the subsidiary information enployed for
processing the picture signals for processing to the picture signals
for processing, correct picture processing may be carried out by the

pi cture encoder based upon the subsi di¥ty i nf or mati on. I f the input

di gital I b
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i ncludes a first fl'ag specifying |ch of the top field and the bottom
field has régenngadeauhdbhkstp Whealr & 0gesami Nghé he rdrgigianal ihpage mevigreond
flag specifying whether each picture of the original inage has been read
out with thieeuféeeldpparied finohwohéiel asyrearichpartitiingddebliag. speeifiydnge

whi ch picture signals of the picture signals for processing are the
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carried out correctly. In the sixth step, pre-set picture processing
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input supplied from the picture inputting device can be used at
all times as master clocks for the pictured processing device.
On the other hand, since the picture processing device, which
represents a core portion of the picture processing system, need
not be specifically modified from that used in the usual case,
that is the case in which the usual input picture string is
locked to the picture synchronization 1input, the picture
processing device is not complicated in structure excessively.
With the moving picture signal processing method according
to the present invention, the redundaqt fields are detected and
eliminated from the 1input digital picture signals to form a
picture string, the combination of the top field and the bottom
field making up the frame for processing by encoding for
compression is discriminated from the picture string to form a
frame picture string and pre-set signals are inserted into the
frame picture string for producing picture signals for
processing. In this manner, new picture string signals

synchronized with the picture synchronization signals may be



flag i s appended. In the first step, the redundant field 1is
detected by calculating the inter-field correlation of the input digital
novi ng picture signal. 8

Preferably, the pre-set signals inserted in the picture signal for
processing are invalid signals nonsensildal as picture signals. Since these

invalid signmds nesd molihe encaded fo5nt SN EST RNV e enFderat a

pi cture-processing may be carried out efficiently. I f the input

di gi tal nownsitamt ctarmrodsignalt i reediigitalintgenanat.ed by 3:2 pul | -down
according to which each picture of an original inmage is read out in two or
three fields fDrechengihtpry henppematéonafer airtédnadamockisslidg snadetteet ed
by calculating the inter-field correlation between picture signals of the
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signal s delayed therefraom by two fields, th% nunber . of
correct processing ‘to be performed by the picture encoder based

upon the subsidiary information.

If the input digital moving bicture signals are the signais
read oQt by the 3:2 pull-down method in which a picture of an
original image, such as a picture frame of a motion picture film,
is read in two or three fields, the subsidiary information
contains a first flag specifying whether it is the top field or
the bottom field that has been read out first when reading out
the original image, that is a top_field first flag, a second flag
specifying whether a picture of the original image has been read
out in three fields or in two fields, that is a repeat_first
flag, and a third flag specifying which picture signals are the
invalid signals as the preset signals.

In such case, since the encoding for compression can be
omitted for these invalid signals, more efficient picture
encoding can be achieved.

If the input digital moving picture signals are signals read
out by the 3:2 pull-down method according to which a picture of
the original 1image, for example, a picture frame of a motion
picture film, is read out in two or three fields, the redundant

field detection means preferably includes a field counter which



the input fields of the input digital noving picture signals is counted,

It Is then judged whether the count value is a pre-set value, and the
redundant field is detected fromthe results of decision and the
inter-field correlation, so that the redundant field may be detected
reliably. If the input digital ®Hving picture signal is a signal
gener at ed by 8@ md | fdowr laccdatding the v teT -gaei dicetrured agfi oan bedmieginnal
image is-read out in two or three fields for changing the picture rate,

t he subsi dtR¢ Furdredtnél fof ahdineddsratidtgitta’ may 189eR1 ¢ V¥ Ag ST oRNche
top field and the poitomfield has been read, out first when processing the
original i Hﬁ’fye’%’%ﬂ e e [tRG rEAECM: H¥ ngWanRY REY " @M c?‘f?'lj’r of° trﬁéeg“
original ipag s. been read out with three .fiel ds | t fi and
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pre-set signa:s.
odd number of not less than 5. Redundant fields may be reliably
detected by detecting the redundant field Qgsed upon the output
of thezcomparator means and the inter—~field correlation.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is . a block diagram showing an illustrative
conventional moving picture processing system.

Fig.2 illustrates frame synchronization.

Fig.3 illustrates the operation of eliminating redundant
fields from the 3:2 pull-down signals.

Fig.4 is a block diagram showing a moving picture processing
system according to an embodiment of the moving picture
processing method according to the present invention.

Fig.5 illustrates the 3:2 pull-down system of reading out
one picture frame of a motion picture source with 2 or 3 fields.

Fig.6 is a block circuit diagram showing an illustrative
construction of a pre-processor.

Fig.7 is a flowchart for showing an illustrative operation

of the pre—-processor.

Fig.8 1is a timing chart for showing an illustrative

operation of the pre-processor.



I n anot her aspect, the present invention provides a nmethod for processing
novi ng picture signals in which digital noving picture signals of a
pre-set picture rate containing redundant fields are restored frompicture
signals for processing generated by refgving t he redundant fields fromthe
digital noving picture signals nmade up~of a plurality of field pictures,

i nserting pre'pi??é %QVE'%qo%kQQ%hﬁnﬁg{é?ﬁﬁ%ﬁﬂtﬂ%yﬁ9h§ iQnr?QHUQQPEFEgﬁldS

into the digital noving picture sign the redundant ds

have beeBonk@ROYEfon30F abYosPPESLSG,r the subsidiary information for
controlling the picture processing. The nmethod includes a first step of

renoving the sphgidoary 4 FheEhtairan b 08how higg R rctiune stir@itdlv@ bperation
processing, a second step of renmoving the invalid signals fromthe picture
signals forff phecpsstrprasesgothe subsidiary information, and a third step
of repeating picture signals of a portion of a picture signal string from
whi ch the invElipd.3il§nal B rahe tiesmer ehevéd for uavetng ialy itHestsatidant

fields for restoring the digital picture, signals of the pre-set picture
rate. In CRES2IARRePT &NGIPAPIABUPRBSPPEture signals for display may be

2;3?3;?29625i|¥jg.12 shd&&ysanin?us ¥£P$V8i%k%%%dp9%5558%89d$X§t%%king
pictures.

Fig.13 is a block circuit diagram showing an illustrative
encoder for encoding moving pictures.

Fig.14 illustrates an operation of picture encoding type
designation, picture_encbding sequence and picture re-arraying
operation.

Fig.15 illustrates the construction of picture data.

Figs.16A, 16B illustrate a frame/field prediction mode.

Figs.17A, 17B jllustrate the frame/field DCT mode.

Fig.18 illustrates a picture display sequence re-arraying

operation.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fig.4, a moving picture processing device for
carrying out the moving picture processing method of the present
invention will be explained in detail.

Fig.4 shows an example of a moving picture processing
system, inclusive of a moving picture processing device, in which

an original input moving picture signal is a video signal of a



pi cture synchroni zation input supplied froma picture inputting devi ce
as master clocks, if a picture string for processing Bto be inputted to
a picture processing device A of the next stage :

10 cannot be |ocked to the picture synchronizing input supplied from
the picture inputting device due to pretdrocessing of renovi ng redundant
pi ctures fidm $der o itgienlr ameput teovif Nghich phad treesn seppltpedl0fiomyt heo-
picture‘inputting device, the picture string B for processing can be
re-fornedcpAf8dasngwpl ttdewn. string for processing C that can be | ocked
to the picture synchroni zation input. In this manner, the picture

synchroni zi ng T"ej fpét %HﬁﬁﬂqQ%H’f?%n@ﬂﬁ@fﬂycFﬁPéaﬂﬁﬁﬂttinﬁhﬁ%vFES chh'®e

used at |1 ti -a ster.clocks. for the pj pyocess) evi ce.
o the ot 8P RgnatuErnag EnaShi EbuPetsvbEestf SRE £ PIRFERTAES ERREC, |

a core porkis@R OfgAdes PltHeUk EcRAPGES SkAGyP %St 8t 992441188 WnPEs widely
specifically nDd|?|ed fromthat used in fﬁe usual case, that is t%e case
in which thg1esdal, | NPyt PéCtyF er1sd rAuibdrS of picture frames of a motion
picture film is 24 per second, ahd the interlaced video signal
has azpicture rate of 30 frames per second or 60 fields pef
second, the number of fields is converted by the 3:2 pull-down.

That is, such a technique is employed in which, of two
consecutive picture frames of a film, that is MF1 and MF2, the
first picture frame MF1 is read out Qith two video fields, while
the second picture frame MF2 is read out with three fields.

On the other hand, the inverse 3:2 pull-down is such an
operation in which a picture frame read out with three fields is
detected from 30 frame/second interlaced video signals, and any
redundant repetitive field is removed for producing progressive
frames having an ideal frame rate of 24 frames per second.
Ideally, the redundant fields appear at a period of five fields.

In a moving picture processing system, shown in Fig.4, an
interlaced signal having a rate of 30 frames per second or 60
fields per second, as an input moving picture signal 8100, is
supplied, with a top field top_field first, from a digital VTR

201, as a picture inputting device.

If the input moving picture signal S100 is a moving picture



| ocked to the picture synchronization input, the picture processi ng
device is not conplicated in structure excessively. Wth the noving
pi cture signal processing nmethod according to the present invention,
the redundant fields are detected and elimnated fromthe input

digital picture signals to forma ]p?cture string, the conbination of
the top ftehde ansd thenbahieomi 1m sbuebd pmking e tpha 1-cawe ,f ar f pagcesss ng
by encoding for conpression is discrimnated fromthe picture string to
forma isfsane yiicteurssvistohesg 209 @rié-.sétt 1siagdald2areei astrtedthatont he
frame picture string, for producin picture, signals for

processi n§iden tiffi $hAahmRyt Wﬂﬁdﬂﬂtﬁ‘ %ﬁ?ﬂﬂ@ E$ git $he m°§9ﬁ@h?bﬁ¥§éﬁ

with the picture synchroni zation nal s ormed from
novi ng piE?OY%Et%%n?élﬁﬁﬁg ré dj g°ﬁ|ct3?é§eaF%§tQﬂﬁﬁn%ﬂﬁ ehi by bheat
L{ngg;?;g#ﬁ;gr %l S with thEhesv?Hbc%éjé aLyt! PLORRL ¥ QP ChMI €y tom
configuration is basically the same as the conventional system.
In the following description, it is predicated that the above
switchés have been set to the on-sides, that is that the input
moving pictures contain redundant pictures.
If the switch 209 is connected to the on-side, the input
moving picture signal S100 is processed by a pre-processor 202
and thereby converteﬁ into a moving picture signal S$103.
The processing by the pre-processor 202 is explained further’
by referring to Fig.6.
The two-field signal correlation between the moving picture
signal S100 of the 60 Hz video field, entering a terminal 301,
and a field signal S200 outputted with a 2-field delay from a
delay unit 302, is calcuiated. For this calculation, a difference
value 1is calculated by a unit 303 from pixel to pixel. An
absolute value unit 304 finds absolute values of the difference
values S201, calculated from pixel to pixel, and a sum S203 of
the absolute values per field is calculated in an adder 305. The
sum S203 is compared by a comparator 306 to a pre-set threshold
$204., If the sum is smaller than the threshold value 5204, a

flag S205 1is set. It is noted that any other means for



appended to the picture string for processing for enabling correct
processing to be perfornmed by the picture encoder based upon the
subsidiary information. If the input digital noving picture signals
are the signals read out by the 3:2 pu&l-domn met hod in which a picture of
an original inmge, such as a picture f Sme of a notion picture film is

o . such 8s & pi ! e of a mtion pi Im
st 1lag apaurty Mgt onc et {07 pedWBBh bR Yoy TR 52Bp 8RR S04 P

has been m@gdpeuembib§bdWRNa882EI 88 BYtthd MBS/ Hdt@od Mge, that is a
top_field first flag, a second flag specifying whether a picture of the
ori gi nal i nageohashkeetheeatharait tne tdyrem fondlzeds ieh iimpuo Sicd dst that i s
a repeat _first flag, and a third flag specifying which picture signals are
the invalfii@lsi grigitsires stangpr e8¢00sieghars. a field ncguohecaddg simoe 4he
encodi ng for conpression can be omtted for these invalid signals,
nore  ef fiesMam@tl BP8t ur Ehakntddi hie ceAlme radfiS%egeynts up the pHebenpef

di gi tal ing.pi.cture signals are signals read out_by the 3:2 pull-down
ne?hod agg d?ﬁ8H§8 %ﬂF%?ﬁhﬁrﬁQﬁtﬂﬁ?'£%° ﬁé°6r?@?nallfﬁﬁﬁbp“ﬂ@?rg?énﬁh%, a

picture fnﬁﬂﬁnpga%ugpiiPgbresented by $206 is an odd number not less than
5, a comparator 310 sets a flag S211. When both the flag S211
and the flag S205 have been set, an output S212 of an AND gate
311 rises, thus indicating that the current input field signal
8100 is a redundant field which has been repeated by the 3:2
pull-down. If the flag S212 is set, the counter 309 is cleared
to zero. The field found to be a redundant field is removed from
the input picture without being encoded.

The reason the criterion of judgement in the comparator 310
as to the count value j being an odd number not less than 5 is
that,'by the following grounds, the inverse 3:2 pull-down is not
guaranteed to operate normally at al times.

First, the pattern of the redundant field appearing at a 5-
field period is not guaranteed due to video editing following 3:2
pull-down,

Second, since a smoothing filter is applied during 3:2 pull-
down along the time axis, that is between different fieélds and
between different frames, redundant fields become difficult to

detect depending upon picture patterns. For example, there are



picture film is read out in tw or three fields, the redundant field
detection neans preferably includes a field counter which

12 is adapted for calculating the inter-field correlation between the
current field of the input digital nDV|ng picture signals and the field
del ayed therefrom by two pictures, and L%hich is reset to zero on detection
of redundenetasfiiogisdwheaninctmpafr o rS2GEaris nbor spudyt nighevesrivearr attiogr SO&Nnt
value fromthe field counter is an_ odd nunber of not |ess than 5.
Redundante“l‘eirblad§théhPeFPélﬁle?t depeEt &dehy Hetciedgndmet retRildant field

based upon th ut put comnpar at or neans and the inter-fie
correlation.(%ﬁﬂqEﬁ%DE ETS “FORPDRANNES 'S NOE §URT ap§ee§ Bitock

diagram s gpgégwféwsw Arlel oIS, 088 HRVI O6h Bl R EoPIARRSSI N9

ustrates ane roni zat

|Ilustra1@ghﬁg¥5ﬁngg%ya Q@eoﬁe%hnghgqtkqg1dredundant fields fron1the 3:2
pul | -down signal s.

Since in effect the 3:2 pull-down is not necessarily carried
out regularly, the frame rate for moving pictures after removing
the rééu1tant fields from the input moving picture S100 1s
fluctuated in a range between 24 Hz and 30 Hz. This period is
not locked with respect to the synchronization input S105. Thus,
in the present embodiment, the input fields are re-arrayed in
their sequence, and invalid frames are inserted, by way of pre-
processing, for creating a new input picture string that can be
locked by the synchronization input. It is this new input picture
string that is caused to enter the next stage unit, that is an
encoder 203.

The method of re-arraying the fields and inserting the
invalid frames in explained by referring to Fig.6. An output
field controller 312 causes a switch 316 to switch between three
signa1é, namely the field signal 8200, outputted with a delay of
two fields (one frame) from the delay unit 302, a field signal
delayed by four fields S$208 and an invalid field signal S209,
based upon the redundant field detection flag S212.

Based upon the position information having detected the

redundant field, the display pattern of the input picture is



Fig.4 is a block diagram showi ng a noving picture processing system
according to an enbodi nent of the noving picture processing nethod
according to the present invention. Fig.5 illustrates the 3:2

pul | -down system of readi ng out one pagture frame of a notion picture
source with 2 or 3 fields.

an illust thals\?éf‘éﬁnt'f"ﬁ?lcf?‘éh %ﬁow p‘rré -orodedyortwoe flagsgj ghatj §sga top
f1 owchart for g.3n illustrative operat pre rocessor,
Fig.8 is 46 r‘ﬁ—&d "Cta a} o "$h i TP &+ IVLFStt—raﬁVL H;?)%raTh ntop—f held

pre- proces§Qlet f1a?a e%1f1es wheth?lnﬁrzﬁot the to %%1d t08F¥9e?d ﬁag-

bl ock circuit d| ag ow ng an Il Ve "Cong ruct Ion

post - process® read out Fl"1g's1too'nse§‘eétljp¥w5'%r ) fpgﬁ 1588WhNgnaNn g'1|v|elr'\55r1@tthyg
operation of the post-processor. Figs.11A, 11B are timng charts

showi ng arfridneusdf a4i w@tion picture film. The repeat_first_field flag
specifies whether or not a given picture frame of the motion
picture film has been read out in three fields. The top_field
first-¥1ag and the repeat_first_field flag are generated in an
output field controller 312 and the information of at least two
past display patterns are stored internally.

The algorithm of finding the top_field_first flag and the
repeat_first_field flag by the output controller 312 is shown in
Fig.7. In Fig.7, fp denotes the serial number of the input
fields 8100 since the time they are supplied. Any addition to
fp specifies that the time of the input field S100 progresses
towards future. For example, fp=fp+2 denotes that the S100 time
has progressed two fields towards future, that is the input of
$100 has advanced by two fields.

The respective steps of the flowchart of Fig.7 are
explained. After the start of the operation at step 1000, a
first field is entered at step 1001. It is then checked at step
1002 whether the parity of the .field is for the top field top
field or the bottom field bottom_field. The processing. is then

branched to step 1004 or 1010.

If the result of judgment at step 1002 is YES, that is if

I's a block circuit di a%ram show ng

for



operation of the post-processor. Fig.12 shows an illustrative nethod
for encoding noving pictures. Fig.13 is a block circuit diagram
showing an illustrative encoder for encoding noving pictures. Fig. 14
il lustrates an operation of picture eniﬁding type designation, picture
encodi ng sequence and picture re-arrayiig operation. Fig. 15

i | l.ustrat edet hersonste uctiisconref tppCtieeddabp.field, dordS-chbArah8Bers to
illustrate a franme/field prediction node. Figs.17A, 17B illustrate

t he franefffépddDBIVameRd by two Fiig1d8 tbwastsafebuse piiot wraedi gpl ayeck
sequence re-arrayin operation. DESCRIPTI ON OF THE PREFERRED EMBCODI MENTS
Ref erri ng 2toSERR. WO whdtingd pirchot ethn ddedd i§ devedendant fiad, nghdet

t he novinqspicture rocéssin% met hod of the gresent i nvention will be

expl ai ned 1Tn2d@F&i 10N as tawherhefoge BAt kg WdaD tdvisld gedegrdon
processin y ! sive of .a | pg_pLctyre prqcessing devicge, .in
whi ch ang:(;ra?glgﬁig] ?tpﬁéj'rr%v1isngse5i'c?gbletgfagt}ﬁ H? s sg R?]edé(?dé‘i%@iﬁgl c§5f1 edd,
the display patterns of three previous fields, inclusive of the
curreqt field, are top_field_first = 1 and repeat_first_field =

‘1 for fhe respective flags.

The position of the redundant field is set to detected_fp
= fp (step 1006). The time for S$100 is advanced by one field
(step 1007). As the next processing operation, control transfers
to the step for the field parity being for the bottomffie1d
bottom field (step 1010). If the field is judged at step 1005 not
to be a redundant field, the display patterns of two previous
fields not including the current field are top_field_first = 1
and repeat_first_field = 0 for the respective flags (step 1008).
The next processing operation transfers to a step 1004 for the
field parity being for the top field top_field.

If the result of the previous branching at step 1002 is NO,
that is if the first field is the bottom field bottom_field,
control transfers to a field advancgd by two fields towards
future, in order to check at step 1011 whether or not the field
is a redundant field. This is a decision as to whether or not
the redundant field detection flag S212 of Fig.6 is set.

If the first field is the redundant field, the display



14 filmsource the frane rate of which has been set to 30 Hz by so- called
3:2 pull-down. The 3-2 pull-down is briefly explained. When t he
film source, such as a notion picture, is converted into interlaced video
signals, the technique known as the BHéE?uII-domn is widely enployed.

That is, if the nunber of picture fra of a notion picture filmis 24

per second pa®bdr égeolfnttq’{rje%cegrg{/ggesS'fnglds has L@ﬁ;eur@fracth% O urlent

frames pér P2econ ds pe secon he nunber flelds is

converted byehBe Sre ¥ kidawnsirst = oThdld repegtchi 6s{eﬁmlcﬂlie1l $opMphOyed
in which, of two consecutive picture frames of a film that is M1 and

MF2, the feepkcpiicéurfaaigeane Ml | pos@adonutofM thet woedurthen f | €liddd whs | e

the second picture frame M2 is read out with three fields. On the

ot her handdetthetedyvépse 3 A gudd -dovd) i s Thech ime fopePabPohsi adwanesd aby

picture frane read out with three fields is detected from 3Q frane/second

|nterIaced°@Pd§bequﬁﬁﬂQ9 1Qha)anyAS the next processing operation, control
transfers to the step for the field parity being for the top
fie1d_top_fie1d (step 1004). 1If the field is judged at step 1005
not to'be a redundant field, the display patterns of two previous
fields not including the current field are top_field_first = 0
and repeat_first_field = 0 for the respective flags (step 1014).
The next processing operation transfers to a step 1010 for the
field parity being for the bottom field bottom_field.

By the above process, the output field controller 312 sets

the respective flags top_field_first and repeat_first_field.

An illustrative operation of the output field controller 312

is explained by referring to Fig.8.

In this figure, capital letters, such as "A" or "B", dénote
the top fields, whereas small letters, such as "a"™ or "b" denote
the bottom fields. The interval shown by "|" denotes an input
frame period. It is assumed that the redundant fields are
detected at positions indicated by "#*".

In the illustrative example of Fig.8, the first field "A"
of the input S$100 is entered (fp = 1) and is found t6 be top
field (steps 1000 to 1003). The field "B" two fields towards

future (fp = 3) is not found to be redundant {steps 1003 to



redundant repetitive field is renoved for producing progressive franes
having an ideal franme rate of 24 franes per second. Ildeally, the redundant
fields appear at a period of five fields. In a noving picture
processi ng system shown in Fig.4, an interlaced signal having a rate of
30 franes per second or 60 fields per 2dcond, as an input noving picture

signal S10000k§ . SHAPI &g Wabhedck AR, T 1L dr § ORI Sl ddeSteny UM pdL 0k | @I

VTR 201; as a picture inputting device. I nput noving picture
signal S10Qsi $08n8D¥bNGePirelddéh@ant (steps 1003 to 1006) and the time 18
converted fromthe filmsource by the 3:2 pull-down, a flag S115 is set,
whil e swit eadeanz68, b léhe 2flile Bd( A 2= &) Stets ttep til@70N- Thei dée 1Hf "BRetwaput
novi ng picture S100 is not the noving picture converted by the 3:2

pul | -down, ftilkéde siMntdtegs teeases tfotume OFF -si d) TW tnet hdoynidt ciresbset
to the off-side, the system configuration is basically the same as the
convent i ondlRdspseam (sigpy Hé’ofgoltPO\?vgh@) deddve priedd, "Bi tt™W fieddisc AvEdheRat

the above towards future (fp = 10) is found to be redundant (steps 1009 to
1013)._ The above processing sets the display pattern as
follows:
fp= 1~2: top_field_first = 1, repeat_first_field = 0
fp= 3~5: top_field_first = 1, repeat_first_field = 1
fp= 6~7: top_field_first = 0, repeat_first_field = 0

fp= 8~10: top_field_first = 0, repeat_first_field

i
—

An output S210 is hereinafter explained.

The output S210 starts with a delay of 4 fields (2 frames)
with respect to the input signal S100. The output S210 1s
controlled as shown in items (i) to (iv) below by the output
field controller 312 sending a changeover control signal S207 to
a changeover switch 316 based upon the top field first and repeat
first_field flags set on the output field controller 312:

(i) With top_field_first = 1 and repeat;first;fiejd = 0;

the field signal 3208, delayed by 4 fields, is sequentially
outputted by two fields. These fields are of the first frame |A
al of the field signal $208.

(ii) with top_field_first = 1 and repeat_first_field = 1;

the field signal $208, delayed by 4 fields, is sequentially



swi tches have been set to the on-sides, that is that the input noving

pi ctures contain redundant pictures. If the switch 209 is connected
to the on-side, the input noving picture signal S100 is processed by a
pre-processor 202 and thereby convert g into a noving picture signal S103.
The processing by the pre-processor 202<i s explained further by referring
to Fig.6. outputtedebywowd jfeled dsi .gridieseorf i el 68 dfe bkt iden seke ol age pl Bt ur e

signal S10Q of the 60 Hz video field, entering a termnpal, 301, and a field
signal S200 &t gttt &d &didt P18 iSAP de) Y& rOrRP ' ety Uhi& - 30D0e Eop
cal cul ated.. Fo i S. cy ation,.a diff I | | qul a
uni t 303dff1re01nd||’ B?E‘eﬁ ecfﬂo 0'é:i sble th1%ﬂ 1%%@%%3%@%2 u%eruenq%{nc%@} fflqtﬁgg amf

absol ute s i@f rehevdlf {§tRBES p¥dhyesusPdiegal cul ated from pixel to
pi xel, and a su&]SﬁOB 3? t he absoFuteHva?ues ﬁ%r field is calculated in an

adder 305.({Hg wsum $3@3fig160fRALed=by angorPmeat of i RO fik 1ai pr &;set

threshold S204. |If the sumis smaller than the threshold val ue S204, a

flag S205 is t&t fielkt siighalnsied, ddeatyednpy ot Hideldepans olLaputted,
and subsequently the field signal $208, delayed by 4 fields, is
outputted. In the example of Fig.8, the field signhal S$200 is
outputted at a position of the top field top_field "B" of the
third frame of the field S208 which is redundant and hence
removed. That is, the top field top_field "C" of the fourth
frame of the field signal $208 is previousiy stuffed and
outputted. The bottom field bottom_field of the tﬁird input
frame of the field signal 5208 is then outputted. As for the
input S100, the bottom f1e1q bottom_field "c¢" is temporally ahead
of the top field top_field "C", these two fields not making up
a frame. However, at an output S$103, the top field top_field is
temporally at a previous position so that an output frame |C c]
is produced.
(iv) With top_field_first = 0 and repeat_first_field = 1;

two invalid fields or one 1invalid frame 1is outputted,

followed by two fields of the field signal S$208 delayed by 4
fields. In the example of Fig.8, if a redundant field is

detected at a bottom field bottom_field, such as bottom _field "d"

of the fifth frame of the signal S100, two invalid fields are



16 calculating the correlation between the two fields S100 and S200 may

be enployed in addition to the above nethod. On the other hand, the
synchroni zation i nput S105 of the field picture signal S100 enters a field
counter 309 froma termnal 308. That i,5, the counter 309 counts up the

nunber of the fields entering the pre-processor 202. If the nunber of the
count val RMIPYERESAENt ER bgusPos F40an Jdd snuirsbeshowr es§ighanbys,| g .
conparator_ 310 sets g flag S211. Wen both the flag S211 and the flag S205
have been %&tt: AP SlsuPruspritse a% Ake @dtgéa13§i°gi-ses, t hus indicating

that the current, i %gg%nfiel dt%iegn% S100 is a rc?du dant, field which has

been repeated by t 2 PHultdofROVEr 13RS | 4d7 242 i et , thRe Wit er

309 s Cl ediedhoi e Zei® oHadCldl Jiouid (4, Pk JiRdundaniad) A dgn ¢ &pved

from the input picture wi thout being enco e reason t _ _
criterion tie]odlgeuens2io. t hencamAred Umm 10quasti Oy LB GQUAY g@'ﬂé@ﬁl fei ng
s, the

an odd nunber not less than 5 is that, by the follow ng groun

inverse 3:Ripue] tthewe iis gtatwn the delay quantity of the respective fields
of the output S210 with respect tb the signal S100. The values
4, 2 aﬁd x ‘denote outputs of the field signal S208 and S200 aﬁd
invalid fields.

Two consecutive fields of the output S210 represent an
output frame. To each output frame, there is appended the frame
header information by a frame header multipiexer 313, and the
resulting signal S103 1is outputted at a terminal 314. The
contents of the header include a top_field_first flag, a repeat
first_field flag and an invalid frame flag, shown as disabled
frame_flag. ' Illustrative examples of the header information
appended to the respective flags are shown in the column "top
field_first flag and repeat_first_field flag" in fig.8.

In output frames of S210 and S103, the top field top_field
is outputted first, with its frame period being locked with the
frame period of the synchronization input signal $105.

In the foregoing explanation, the invajid frames are
inserted so as to be synchronized with the frame synchronization
sighal. However, the invalid fields may also be inserted so as

to be synchronized with the field synchronization signal, in



guaranteed to operate normally at al tines. First, the pattern of the
redundant field appearing at a 5- field period is not guaranteed due to
video editing following 3:2 pull-down. Second, since a snoot hing
filter is applied during 3:2 pull- down along the time axis, that is
between different fields and between diff erent franes, redundant fields

become di f{heuht ddxe dehecCtrwiepandiang qUpPPae £t Wa§ PBét et r el exanpi e,
there are 17 occasi ons wherein the
flag S205 msbnetasgtpaditivm denpaeattdr1306ateweh &l tHzoughothereedy etbe reput
field is a redundant field. Even if the 3:2 pull-down pattern is not

guar ant eedpeiing beconeseqrssity e Por tire cotprar afdp1ds0 the ident | hhgefbegi ve
decision as to the redundant field. Since in effect the 3:2 pull-down
i's not necé@@&ﬁPP§1&aﬂ¥ied out regularly, the frame rate for noving

pictures after [emoy ng, the desuliahell f41s AicPThiPRy | PR TRYADE BHFC VI

the signal S100 is an interlacing signal in which usual top_field
not processed with 3:2 pulil-down is entered first.

Iﬁ such case, the frame header represents the default
contents, in which top_field_first = 1, repeat_first_field =0
and disabled_frame_flag = 0 at all times.

Without regard to the on/off states of the switches 209, 210
of Fig.4, the signals S100 and S103 may be used as an input S104
to an encoder 203, operating with the synchronization input $105
as a master clock.

The input S104 is processed in many ways by the encoder 203
and the local decoder 205 which represent core portiop of the
motioh picture encoding system. It is noted that the frames
designated as invalid frames in the respective frame headers of
the 1input 8104 are not processed as valid frames. An
illustrative processing operation in such case will be explained
subsequently.

The method for outputting the output S109 from the 1local
decoder 205 to the picture outputting device 207 is explained.

Referring to Fig.9, a post—processor 206, fed with the output

S109, is explained.



fluctuated in a range between 24 Hz and 30 Hz. This period is not |ocked
W th respect to the synchronization input S105. Thus, in the present
enbodi ment, the input fields are re-arrayed in their sequence, and invalid
frames are inserted, by way of pre- processing, for creating a new input
picture string that can be |ocked by tH® synchronization input. It is this
new i nput pictRefestimongtbhafigs9cautes tl®aaitler dheodeft stamget urftQs it hat
is an encoder 203. The nethod of re-arraying the fields and

i nserting eMESTInG A it@ rmiagds4PA. ekpl %?%bot%ya rféfié‘rer PRGIED FRBaBRTOr AQ1

output field controller 312 causes_ a switch 316 tch between thre
o orals, | raners Th Feagea SraRaN8o5903 bt RS SGSReE T oqRl SToBr 8 e vbas

fiolds Soo branaretbart o o Pl ghbe Teotefe o ELEL AT SRRty "

field detegibog fd f'o%qrﬁii% 403, . tRBSeMh A 416 POFT LitON1 0L PT TR Ofla st

havi ng detected the undant’ fiel'd, the display pattern of the input

picture iSdisplay pattern of the header contents is stored. The header
contents include the flags top_fié1d_f1rst{ repeat_first_field
and digabled_frame_flag.

Meanwhile, if the switches 211, 212 shown in Fig.4 are off,
S111 is an intertlacing signal in which the usual top_field not
processed with 3:2 pull-down is first entered.

In such case, the frame header becomes the default contents,
such that top__field_first = 1, repeat__first_field = 0 and
disabled_frame_flag = 0 at all times.

Based upon the frame header contents, the output field
controller 403 of Fig.4 causes a switch 404 to switch between
three signals, namely a current input field 8300, a field signal
S301 with a delay of 2 fields or 1 frame and a field signal S302
with a delay of 4 fields or 2 frames, outputted by a delay unit
402.

An  jllustrative operation of the post-processor, in
particular the output field controller 403 of Fig.9, is explained
by referring to Fig.10.

In this figure, caﬁita) letters, such as "A" or "B", denote

the top fields, whereas small Tetters, such as "a” or "b" denote



18 classified into four shown in Fig.5 by two flags, that is a top _
field first flag and a repeat _first field flag. The top field first flag
specifies whether or not the top field top field has been read out first
on executing 3:2 pull-down on a given pjcture franme of a notion picture
film The repeatfirst _field flag speci‘%es whet her or not a given picture
frame of {he g@tisn fiki1esur e frid M das aenrnosad bgut” [i'n demote sf iael dsiputhe
top-fiel-d first flag and the repeat firstfield flag are generated in an
out put fietameopdridder 312 and the information of at |east two past

di splay patterns are stored internally. ~The al gorithm of jindinq t he
topfield firstTheé g cdmd et et pugp St Of BartFeVHth| agddlay R cutplrlds or -
controller 312 is shown in Fig.7. In Fig7, _f enotes the serial .
nunber of 1t heameiplitth frieseds Szobh%ih%%ﬁggﬁaﬂesép’ﬂgy a{“e\es%‘bb‘f‘i"e*d‘.”gAnV
addition to f cifies that the ti of the i TN ses
t owards f ﬁP[]Fég] T rA%xarsine ! Nt &Fﬁizpﬁ)entoot e(sV%t ﬁgﬁgbhghs%%%%?%%@é ﬁ'g{sﬁ

progr esseqobwp; L &1 A MU UL 1 Pot LRI d Sirld1@ ilsdBl a0k raflOP dgiSset
advanced by two frelds. h€ respective steps of the flowhart of
Fig.7 arein -the output field controller 403. '
(1) tgp_fie1d_first = 1, repeat_first_field = 0 and disabied
frame_flag = 0;
the field signal S301, delayed by 1 frame, is sequentially
outputted by two fields. In the present example, shown in
Fig.10, these fields are of the first frame |A a] of the field
signal S301.
(ii) top_field_first = 1, repeat_first_field = 1 and disabled .
frame_flag = 0;
the field signal S301, delayed by 1 frame, is sequentia11y
outputted by two fields. Then, the field signal S302, delayed
by 2 frames, is outputted by one field. In the example of
Fig.10, the second frame |B b| of the field signal $301 is
outputted, followed by top field top_field "B" of the second
frame of the field signal S302.
(iii) top_field_first = 0, repeat_first_field = 0 and disabled
frame_flag = 0; B
the field signal S$301, delayed by 1 frame, is outputted by

one field. Then, the field signal $302, delayed by 2 frames, is



expl ained. After the start of the operation at step 1000, a first field
Is entered at step 1001. It is then checked at step 1002 whether the
parity of the field is for the top field top field or the bottomfield
bottomfield. The processing is then bﬁgnched to step 1004 or 1010.

If the result of judgment at step 1002 Ts YES, that is if

19 the fibstphiteed.isnt heet opedmrele bo6pFfigelid, coet el t tomantfetd bottam
field advanced by two fields towards future, in order to check at step
1005 whet fideTdr ‘ot phe fheel dhiisda feammdarft thel d.ielthi s19nal o SR sﬂén as

to whether or not the redundant field detection_ flag S212 of FI% g et.
If the fi @I‘Jdpiuétﬁﬁe ?%H\ﬂ’(t?&tbyf itePd f ed Aet Pp-Fpiedy p8tt8f N ot e rame”

previ ous flelg ilu5|ve égg current field, are topfield first =1
and repeal’fit §t f‘F Agsiong Ty he respective flags. The position of

t he redungqr\llt iehd b8 ﬂeng Ngbegt @g_fp = fp (step 1006). The tine for
S100 is a edgyong reld

no signal is outputted. _

(v) top_field_first = 0, repeat;jirst_j1§1d = 1 and disabled
frame_%1ag = 0;

the current input field S$300 is outputted by one fie1d,
followed by two fields of the field signal S301 delayed by one
frame.

As shown by the above iJjtems (i) to (v), the output
controller 403 changes over the switch 404 in order to control
the output S110. In the column "quantity of field delay” in
Fig.10, there 1is shown the delay quantity of the respective
fields of the output S110 with respect to the output S$100. The
values 4, 2 and 0 denote outputs of 8302, S301 and S300,
respectively.

Returning to Fig.4, an output S112, obtained via the local
decoder 205, switch 211, post-processor 206 if necessary, and the
switch 206, may be displayed on a monitor 207 as a picture
outputting device.

The above is the manner of operation of the input/output of

the moving pictures of the moving picture processing system shown

in Fig.4.



(step 1007). As the next processing operation, control transfers to the
step for the field parity being for the bottomfield bottonfield (step
1010). If the field is judged at step 1005 not to be a redundant field,
the display patterns of two previous fjelds not including the current
field are top_field first =1 and repedt _firstfield = 0 for the respective
flags (step 1008) theTHerrertingr deessiipgioper ahéonnvaandf et snad anséeped004
for the field parity being for the top field top field. If the
result of tHe priekusasshenathi rptar isgepheoencedeNOis ahainvalid fhaméir st
field is the bottgmfield bottomfield, control transfers to a field
advanced B4 wd"fi'8Vad 1Hovkree TFuedre!Si APBRAERIt FochébR dir adieepheader

whether orsimlite o Suahdy?r ] SRR e e BRY F1R e

b " pact eyl T Bk E-bUBCEEUP B Ly 8o, Mg, spgpi sy
that such unit is an invalid signal is appended to each unit as
the subsidiary information. '

A]so, in the foregoing description, the synchronization
input period of the input picture is one frame time period.
However, the synchronization input period may alsoc be one field
time period or one pixel time period.

In the apove description of the picture inputting device 201
and the encoder 203, the top field represents the firstily entered
interlaced signal. Conversely, with the picture inputting device
201 and the encoder 203, the bottom field may also represent the
firstly entered interlaced signal, in which case it suffices to
interchange the sequence of the top field top_field which is an
odd-field and the bottom field bottom_field which is an even-
field.

For example, the signals S210 and 8300 are interlaced
signals in which it is the bottom_field_first flag that is first
entered.

Next, the processing at the encoder 203 and the 1local

decoder 205, constituting a moving picture encoder as a core

portion of the moving picture encoding system of Fig.4, 1is



field, are top_field first = 0 and repeat_first _field = 1 for the

respective flags. The p05|t|on of the redundant field is

detected fp = fp (step 1012). The tine for S100 is advanced by one field

(step 1013). As the next processing operatlon control transfers to the

step for the field parlty bei ng for the ?op field top_field (step 1004)

If the f'ﬁtd Iﬁ?“ ed a step 1005 not to be a redundant field, the
Gt

di Splay p t WSPJRAVeGus  fiel ds not including the current field
are top_field_f{

a at_first f or LS pectl
flags (step 101 ¢ mﬁ¥fn%eggcégggessfﬁg%opétﬁi|on ransfépgr1o a's a/wft%lo
for the fméﬂﬁbdxﬂUéﬂﬁt QHH? fqp the QQEBQHEEH@hd bpttpat{gh d. compens%? =d he
above process, the output field controller 312 sets the respective ags

topfiel d_fpredi @b epefing idrid _ddelwb11-knowrAwidH UHd add Vs YRy M of
the output field controller 312 is explained by referring to Fig.8.

In this figl8®/IEapidais+elt er Witduchhas MPER' 2r pBLtudemobd tdEpdopive
fields, whereas small letters, such as "a" or "b" denote the bottom
fields. Theaneg eptal Ishéaiiubgs: | "Poeimtwesancl nBupictuase, panicodictyte is
assuned that the redundant fields are -detected at positions indicated
by "*". gnal 8 are encoded by compression encoding.

That is, picture signals of 17 frames, that is frames F1 to
Fi17, are dgrouped together as a group-of-picture, which is a
processing unit. For example, picture signals of the leading
frame F1, second frame F2 and the third frame F3 are encoded as
I-picture, as B-picture and as P-picture, respectively, as shown
in Fig.11A. The fourth and following frame F4 to Fi17 are
alternately processed as B-pictures or P-pictures.

As for the picture signals for the I-picture, the one—-frame
picture signals are directiy transmitted. As for the picture
signals of the P-picture, basically the difference from the
picture signals of the temporally past I-picture or P-picture is
transmitted, as shown in Fig.11A. As for the picture signals of
the B-picture, basically the difference from the mean value of
the picture signals of the temporally past frame and the picture
signals of the temporally future frame is found and encoded.

Fig.12 shows the principle of the method for encoding the

moving picture signals. As shown therein, since the first frame

F1 is processed as the I-picture, it is directly transmitted as



In the illustrative exanple of Fig.8, the first field "A" of the input
S100 is entered (fp = 1) and is found to be top field (steps 1000 to
1003). The field "B" two fields towards future (fp = 3) is not found to
be redundant (steps 1003 to 21

1008). The field "B" further two fleldg)tomards future (fp =5) is found
to be redundant (steps 1003 to 1006) and the tinme is advanced by one field
(fp = 6) tramseptiod7datahBIXi end thB" tnensntiissligs froutieer (i ntoverrdis tungt ur e
(fp =8 is,not found to be  redundant (steps 1009 to 1014) The field
"B two fFPeABRIY urttRrer sWar ok TR Ui (%‘e;fmc'ld)r%ms? FRunt tPd 958 Ss&Gurdant

10 013 The
s ol ionBe E-pTCTyiE. ghe @v%srspgﬁdéé’fv?é%“ﬁa AeaDexp e 8t Prehdd oo
fp= 3-5: Qmefﬁﬁlgk'EﬁE m?;n rfﬂﬁ$t Ehgtﬁgfé¥éjfra%e F3 1sfé57éb1ated

top_ fleld |rst repea
and the resulting difference is transmitted as transmission data

F2Xx.

More specifica11y,:there exiét four sorts of processing as
the B-picture. The first processing is to transmit data of the
original frame F2 directly as transmitted data F2X (SP1) by way
of performing intra-coding. This processing is similar to that
for the I-picture. The second processing is to calculate the
difference from the future frame F3- and to transmit the
difference SP2, by way of performing backward predictive coding.
The third processing is to transmit the difference from the past
frame F1 (SP3) by way of performing forward predictive coding.
Finally, the fourth processing is to genherate a difference from
a mean value of the past frame F1 and the future frame (SP4) and
to transmit the difference as transmission data F2X by way of
performing bi-directionail predjctive coding.

Of these four methods, such a method which minimizes the
quantity of transmission data is selected.

For transmitting the difference data, a motion vector xi1
between the frames F1 and F2, that is between the pictur; of the
current frame and the prediction picture (the picture of the

frame the difference of which from the current picture is to be



fp= 8-10: topfield first = 0, repeat _first field =1 An out put S210
I's hereinafter expl ai ned. The output S210 starts with a delay of 4
fields (2 frames) wth respect to the input signal S100. The out put
S210 is controlled as shown in itens éi) to (iv) below by the out put
field controller 312 sending a changeov L control s gnal S207 to a

h fch 316 based fiel tand t

Firar f1 aa T He et St HRBLLEA #18he BBNOTSPor 3T2r "R diten for

t opf i el d t el ARy 208,
ol ayed b‘fdrr@%rdélpcjjrseaqgécqgggﬁge%{a%isl?”ngt}tgra?t 3 gt ok, VoS Re SphRer

fields aren®frElpediFstahfam® [Qr idrAnsRliditlel cahotn@ewte{ dered Oapt £ o2l e
(ii) Wth topfield first = 1 and repeat first _field = the field

si gnal S208ta delrapedkhyrd fed Ot ive coaquent wal ly both the motion vector

22 outputted by two fields. These fields are of the second frame |B b[err]

of the fi®rldasdgntdie SROBi¢m tvee texany? e ask Rirgr@mitthte adbpng with the
difference data for bi-directional predictive coding.

A§ for the frame F3 of the Pipicture, the difference signal
SP3 between the frame F3 and the temporally past frame F1 as the
prediction picture, and the motion vector x3, are calculated, and
transmitted as transmission data F3X, by way of performing
forward predictive coding. Alternatively, data of the original
frame D3 are directly transmitfed as transmission data F3X (SP1)
by way of performing intra-coding. One of these methods is
selected which will minimjze the quantity of transmitted data,
as in the case of the B-picture.

Referring to Fig.13, an illustrative construction of the
moving picture encoding device (encoder) is explained. Although
not showh precisely, the present encoder 1is operated by being
locked to the picture synchronization input $S105, shown in Fig.4

From a terminal 74, an input frame S104 having a frame
header is entered, whereas, from a terminal 75, a flag S115,
indicating whether or nét the input moving picture fed from the
picture input device is derived from a film source by 3:2 pull-

down.

The input picture S104 is entered to a picture encoding type



field top_field of the third input frame is a redundant field and hence is
renoved w t hout being outputted. (iii) Wth top fieldfirst = 0 and

repeat _first field = 0; the field signal S200, delayed by 2 fields,
Is outputted, and subsequently the fiel.d signal S208, delayed by 4 fields,
Is outputted. In the exanple of Fig.8, 34e field si gnal S200 is outputted
at_a position of the top field topfield "B" of the third frane of the
field S2@@ sihinaht ing aadupdanriurandnbencag sequende réhatragintheniop7biel d
top_field "C'" of the fourth frame of the field signal S208 is previously
stuf f ed ad chotihpot dedigndhesbone onf f tieé dI hotRt-ordnideBdpdf tuine st hinr dermput
frame of the field signal S208 is then outputted. As for the input S100,
t he bott &h Mhdch BHet BArtHERE oE"the seapential) hr%wé@reéf fra@eeoprei éprd
top_field "C', these two fields _not nakin

output St prt%eest%ﬁ £ FOTd P3P el dNes grgoéwper Spris e goRPEYEsed el i on
Y] thfat gﬂ}oq;trt rrg [f_e J}] Cré:[pe”c]feSﬁeéi orilucgd P, (év)p W t h
irs I rst

top_fiel repea |nvaI|d firePds or
one i nval dithfiy b 'F%goqﬁputt?ﬁ'e abQli 'gﬂwgdbwcwrfel eér?josocpifngt heydigl el gnal

S208 del ayed by 4 _
written in the respective frame headers.

The input pictures are then re—-arrayed ih the encoding
sequence in accordance with the designated picture encoding
types. The reason of re-arraying the input pictures 1is that,
since the B-picture is encoded by backward prediction, coding
becomes infeasible uniess the I-picture or the P-picture as the
backward prediction picture is readied in advance. Thus the
temporally future I-picture or P-picture has to be encoded
before encoding the B-picture. Therefore, the picture sequence
is re—-arrayed to F1, F3, F2, F5, F4, ... if the picture encoding
types are designhated as shown for example in Fig.1t1.

The manner of handiing the input frame (input picture or
input picture string) S104 1in the picture encoding type
designating and picture encoding sequence re—-arraying unit 70 in
case the input picture S104 contains an invalid frame, designated
by the frame header disabled_frame_flag, is explained.

It is assumed that the input picture $104 made up of F1 to

F13 1is entered, as shown in Fig.14, in which "X" denotes an

invalid frame. The picture encoding types are sequentially



fields. In the exanple of Fig.8 if aredundant field is detected at
a bottomfield bottomfield, such as bottomfield "d* of the fifth franme
of the signal S100, two invalid fields are

23 outputted at the output S103. This is shown in Fig.8 by [err] Next,
[err]D d[err] is outputted at the signad3S208. As shown by the above
items (i) to (iv), the output controller 312 changes over the switch 316

in order d@steited ast ke auppEtud1dtridg 958 el WAB JAVaNidtyr Ohed ild
delay" in Fig.8 there is showmn the delay quantity of the respective
fields ofishesoudeut TIRL0WumHddT s elgpetdie twi d ther ssiggralnS1KHN 1 Mot uese 4,
2 and x denote outputs of the field signal S208 and S200 and invalid
fields. sedquermg® edHnseEitgNAd ionel e dhet vd caytrgute BN Nept ¥BGAt anThe
output frapge, To each output franme, there is appended the frame header

i nf or mat i BACBY &8 f radife H&&Her TRURT T Y BSer iB1XNenGNCRE TNgesBfAYRAGC S gial

S103 is QHEBPééﬁge %Etﬁ %%gﬁg¥gtu§gﬁéncgyshg types. Thus the picture
string S502 is re-arrayed as shown in a picture string $502. 1In
the présent case, the signal string S$502 is started with a delay
of two frames relative to the picture sting S104.

The re—-arrayed picture stringlssoz enters the scan converter

71 where the pictures entered by raster scan are converted into
block-format signals. That is, the picture entered by raster
scanning is comprised of V lines each consisting of H dots as

~ shown in Fig.15. The scan converter 71 splits the 1-frame signhals
into M slices, each slice consisting of 16 lines as a unit. Each
slice is split into macro-blocks. Each macro-block is made up
of luminance signals corresponding to 16x16 pixels (dots), which
are further split into blocks Y[1] to Y[4] each consisting of 8x8

dots. These 16x16 dot luminance signals are associated with 8x8

dot Cb signals and 8x8 dot Cr signals.

On the other hand, for executing motion prediction for the
frame S502 being encoded, a reference picture S504 is supplied
to the motion vector detection circuit 50. The motion vector
detection circuit 50 processes the picture data of the
respective frames as the I-pictures, P-pictures or as B-pictures,

in accordance with the instructions from the picture encoding



contents of the header include a top field first flag, a repeat firstfield
flag and an invalid frane flag, shown as disabled frane flag. '
Il'lustrative exanples of the header information appended to the respective
flags are shown in the colum "top field first flag and repeat first _field
flag" in fig.8. In output franmes o34 S210 and S103, the top field
top_field is outputted first, with its franme period being | ocked with the
frane periotymé ddis ghandhigoningabiien uirepatcsd gngl s&ddince re-adrmavigy unit
foregoi ng explanation, the invalid franes are inserted so as to be

synchr oni zet0 witie tiie tur@nmelasaneHtr enifzameonr o sé gged . a Hoaeviern 1 athe 6 nvaldhd
fields may al so be inserted so as to be synchronized with the field
synchroniza@?oﬁrémgnﬁﬂf i transferred from the motion vector detec{ifinch

case the two.invalid frames may be inserted at an arbitrar osition if
TheCiiora v ECURt e S R e cE o M Tain B tie Al B A T ERe (T ang o

two  field3.DeiNg; ¢hPSEELEdeeCORRREYA! Veke picture data of the frame

processed as the B-picture is transferred to and stored in an
.original picture unit 51b, while the pictufe data of the frame
processed as the P-picture is transferred to and stored in a
backward original picture unit 5i1c.

If, at the next timing, the picture of a frame to be
processed as the B-picture (frame F4) or as the P-picture (frame
F5) is supplied, the picture data of the first P-picture (frame
F3) so far stored in the backward original picture unit 5ic is
transferred'fo the forward original pigture unit 51a. The next
B-picture (frame F4) is stored (overwritten) in the original
picture unit 51b, while the P-picture next to the B-picture is
stored (overwritten) in the backward original picture unit 5ic.
The above operations occur sequentially.

Meanwhile, if the frame $502 is an invalid frame, the motion
vector detection circuit 50 waits during a one-frame period
without performing any processing.

The macro-block read out from the scan converter 71 is
processed with frame prediction mode processing o; field
prediction mode processing by a prediction mode switching circuit

52. The macro-blocks thus processed are processed by a



Meanwhile, if the switches 209, 210 in Fig.4 are turned off, the signal
S100 is an interlacing signal in which usual top field not processed with
3:2 pull-down is entered first. In such case, the frane header
represents the default contents, in which topfield first = 1,
repeatfirstfield = 0 and disabledframe3flag = 0 at all tines.

Wthout regard to the on/off states of the switches 209, 210 of Fig.4, the

si gnal s Sl%gﬁﬂqﬁg%gg {RYe 83 WeR A AL LAl SH8%wat 8 AL ACOURS oB83ng,

operating witht nchroni zati on i nput mast er

The input $LA4%wa$ dPpPEETELHYE NcHBNN g VEY So 1 iR BRHadep ré@d c t 19Rd cbld nocal
decoder 205 which represent core portion of the noti on picture encodi ng

system lindes nR@radoihady tdepreanesiondeisicgiabad cascuntals4d franesni s+t he
respective frane headers of the input S104 are not processed as
valid frangese processiAg opierlausonat iise tpr beessiengtegeriat deneirmisedh icase
w Il be explained subsequent|y. The method for outputting the

out put S10¥ehenfenee Meenl a pPaeddaéion0osrier t a9 ti e ot g ede@wicee

207 i s explained. Referrin% to Fig.9, a post-processor 206, fed with the
out put between a picture to be processed, or a reference picture, and

a prediction picture therefor. Thus the motion vector detection
circuit 50 generates a sum of absolute values of prediction error
signals used for this decision.

The frame prediction mode and the field prediction mode in
the prediction mode switching c¢ircuit 52 dis hereinafter
explained.

If the frame prediction mode has been set, the prediction
mode switching circuit 52 directly outputs the four luminance
blocks Y[1] to Y[4] supplied from the scan converter 71 to the
downstream side calculating unit 53. In this case, top-field
line data and bottom-field line data exist together in each
luminance block, as shown in Fig.16A. With this frame predictioﬁ
mode, predjction is executed on four Tuminancé blocks (macro-
block) as a unit and each one motion vector is associated with
these four luminance blocks.

Conversely, the prediction mode switching c¢ircuit 52
operated so that the luminance blocks Y[1] and Y{[2], among the
four luminance blocks, supplied thereto from the scan inverter

71 in a configuration shown 1in Fig.16A, will be constituted



S109, is expl ai ned. 25 Referring
to Fig.9, the locally decoded output S109, entering a term nal 400,
is sent to a frame header separator 401 where the header contents S303 of
the respective franmes are read out and sent to an output field controller
403. In the output field controller ¥®3, the information of at |east
one past display pattern of the header contents is stored. The header

contents ingl. flags ton field.fi{sts:indep i fi :
disabledffgﬁégsgéﬁh%Ots Qﬁéan i#iﬁ fié{ieiégftcﬁgglélﬁﬁgzigkgﬁgaﬁgiﬁwgig.4

are off, Qklihdrteab1b8kerypEe] RGaSyaal wi m Wai ebnkhetutbalsd apLy ibgl danat
processed with 3:2 pull-down is first entered. : I n such case, the

frame headetr bieeobwvstbie fdeflauliti meont enése bsibinb ttiheh topifutted ftostthe= 1,

repeat first field = 0 and disabled frane flag = 0 at all tines.

Based uporcatdigl atfim@menilieader agoabennsjn Ehe. bl putIn fiusihdcase, a sole
motion vector is associated with the two luminance blocks Y[1]
and Y[2], while another sole motion'vector is associated with the
remaifning two luminance blocks Y[3] and Y[4].

For the frame prediction mode, the chroma signals are
supplied to the calculating unit 53 in a state in which top field
.1ine data and bottom field 1ine data exist together, as shown in
Fig.16A. For the field prediction mode, upper four 1lines of
chroma blocks Cb and Cr become top field <chroma signals
associated with the Tuminance blocks Y[1], Y[2], while Tower four
1ines of the chroma blocks Cb and Cr become bottom field .chroma

signals associated with the luminance blocks Y[3], Y[4], as shown
in Fig.16B.

The motion vector detection circuit 50 outputs the sum of
absolute values of prediction errors for the frame prediction
mode and the sum of absolute values of prediction errors for the
field prediction mode to the prediction mode switching circuit
52. The prediction mode switching circuit 52 compares the sums
of the absolute values of the prediction errors for the frame
prediction mode and for the field prediction mode and executes
the processing for the prediction mode having the smaller value.

The resulting data is supplied to the calculating unit 53.



controller 403 of Fig.4 causes a switch 404 to switch between three
signals, nanely a current input field S300, a field signal S301 with a
delay of 2 fields or 1 frame and a field signal S302 wth a delay of 4
fields or 2 franes, outputted by a delay unit 402. An illustrative
operation of the post-processor, in patticular the output field controller
403 of Fig.9, is explained by referring to Fig.10. In this figure,
capital letterkf asdcl ngl1*-dbworsdBF ce dormoite flaghé 1tiGphhisebelen sder eldwe
smal |l letters, such as "a" or "b" denote

26 the bbtR'SI fIANYsS104hdsi AfetVEl PIRGIR S Ve [SSrMet WiEnotss |G nifiR

frame periog.. . TQf pjcpyre<£ghfq§‘s 1% star%%imﬁtg a dﬁlgy of 2 fields

or 1 fraRE*MEh Pedige i1 thixs CgAd2™8363 ¢4 1 Pid °Bul8qBring i s

controlled as $RowdokRoht QL0 dek s eI OV B ACER" ARET aWelN in the
prediction decision circuit 54 the sum of absolute values of the
prediction errors for determining which of the intra—codiné,
forward predictive coding, backward predictive coding or the
bidirectional coding is to be executed.

That is, the motion vector detection circuit 50 finds, as
the sum of the absolute values of the prediction errors of intra-
picture coding, the sum of absolute values of differences between
signals Aij of the macro-block of the reference picture and a
mean value Aav of the macro-block signals Aij, or Z]Aij-Aav].
The motion vector detection circuit 50 also finds, as the sum of
the absolute values of the prediction errors of forward
predictive coding, the sum of absolute values of differences
between signals Aij of the input macro-block and the signal Bij
of the macro-block of the prediction picture, or X[Aij-Bij|. The
sum of the absoclute wvalues of the prediction errors of the
backward prediction and bidirectional prediction is found in ;
similar manner except that the prediction picture used is
different from that for forward prediction.

These sums of the absolute values are supplied to the
prediction decision circuit 54 which then selects the smallest

one of the sums of the absolute values of the prediction errors



top_field first, repeat _first field and disabled frane flag set in the
output field controller 403. (i) top field first =1, repeat firstfield
= 0 and disabled franeflag = O; the field signal S301, delayed by 1
frame, is sequentially outputted by two fields. In the present exanple,
shown in Fig.10, these fields are of38 he first frame [err]A a[err] of the
field signal S301. (ii) top_field first =1, repeat _firstfield =1 and
di sabl ed offr tine_fdragrd @redictiont hieakwed od i rpretilc tS301 andeb agedebyidnd T ane,
I s sequentially outputted by two fields. Then, the field signal S302,

del ayed PH@dIckigRess F%eoﬁvmu?fe@hﬁyabﬁ@‘PF%Iﬂa‘ue$n°fh&h%xaﬁ9¢é°tb$n
Fig.10, the second frane F B bferr] of the field

outputtederF8FPo o 1y fBbe |%7 TY DR qf°ﬁ§°qof'Vﬁép§§€d%a1°nf9§gésg?”thg
field | 2 o f t = =0

d: sabl Z:jganrrcg%rrg Plag sheh £°"‘ gfege%ﬁg I?‘r‘@a B%a?gggg‘i{ det &y Iesg By 1he o
frane, is pqlétcﬂlétt i8¢ QVrorQnPorf 119led i ntEPeR crtt]?efbreééju?‘ﬂ&n@ltosst% stfl gyed

by 2 franes,
the abso1ute values of the prediction errors of the intra-picture

coding and selects the smaller oﬁe of the sums of the absolute
values in order to select f%e mode corresponding to the selected
sum value as the prediction mode. That is, if the sum of the
absolute values of the prediction errors of the intra-picture
coding is smaliler, the intra-picture prediction mode is set. If
the sum of the absolute values of the prediction errors for the
inter-picture prediction is smaller, the mode having the smallest
sum of the absolute values, among the forward prediction mode,
backward prediction mode and the bidirectional prediction mode,
is set.

Thus the motion vector detection circuit 50 detects the
motion vector between the reference picture and the prediction
picture associated with one of the four prediction modes selected
by the prediction decision circuit 54, and outputs the detected
motion vector to a variable length encoding circuit 58 and to a
motion compensation circuit 64. Such a motion vector having the
smallest value of the sum of the absolute values _of the

prediction errors is selected.

When a picture of a frame to be processed as an I-picture



27 outputted. In the exanple of Fig.10, the bottomfield bottom field
"c" of the third franme of the field signal S301 is outputted,
followed by top field top field "C' of the third frane of the field signal
S302. (iv) disabledfraneflag = 1; _ no signal is outputted. (V)
topfieldfirst = 0, repeat _first _field 34 and disabled frane_flag = O;
the current input field S300 is outputted by one field, followed by two

fields of sirgpals 1 :
t he above %lgt]gegce?l f, t@]'(lav)] ,”$fgefg§{“gﬁ?¢e§gﬁ??§?| éBQ%BtE 5n1gse'saéso"\§/°e°$e trh"b)cy

switch 404e>{e,rb@tr1df§r rﬁ&tmﬂtﬂsﬂéméhﬁo@m Pt s8310.and M t B £Oh UBBY" Q}'-fanttHety

of field delay" in Fig.1l0, there is shown t he delay quantity of the

respecti vecaTduglatsingf urhiec Gt pitt sBt1Gonid hf inespewin taz tt ke, outoi LG9 t sThe
the picture data of the I-picture to enter a DCT mode switching
circuit 55.

The DCT mode switching circuit 55 sets data of the four
luminance blocks to a state in'wHich top field l1ines and bottom
field 1ines exist together (frame DCT mode) or a state in which
top field lines and bottom field 1ines are separated from each
other (field DCT mode), and outputs the data to a DCT circuit 56,
as shown in Figs.17A or 17B. '

That is, the DCT mode switching circuit 55 compares the
encoding efficiency for the case in which the top field data and
the bottom field data are DCTed in an intermingled state and that
for the case in which the top field data and the bottom field
data are DCTed 1in a separated state, and selects a mode
exhibiting a better encoding efficiency.

For example, the 1input signal configuration 1is such a
configuration in which the top field lines and the bottom field
lines are in a commingled state, as shown in Fig.{?A. The
difference between signals of the vertically neighboring top
field and bottom field 1lines is calculated and the sum of
absolute values of the differences or the sum of square values
of the differences are found. Also, the input signail

configuration is such a configuration in which the top field



values 4, 2 and O denote outputs of S302, S301 and S300,
respectively. Returning to Fig.4, an output S112, obtained via the
| ocal decoder 205, switch 211, post-processor 206 if necessary, and the

switch 206, nmay be displayed on a nonitor 207 as a picture out putting

devi ce. The above is the manner 48 operation of the input/output of
the noving pictures of the nmoving picture processing systemshown in
Fig. 4. lines and the bottom field lines are28n a sdphrtdted Qe€QQ NG s

description, the invalid signal inserted into picture signals entering the
encoder ishawni nwal Fdgf 1aBe, amdk amififevahtd Bdawieen flsdgnains appendad

the frame header information. However, the invalid signal wunits rmay
al so be Veré&nda]iw oedobbocksoortep xdlie)di ramwhi bhttase faidldigl$pesi fyd ng

that such upnit_is an invalid signal is appended to each unit as the
subsidiarﬁaﬂﬁF6?ﬁﬁfi%ﬂﬂ the sum of absolute values of the differences or

the sum of square values of the differences are found. The two
sums of the absolute values are compared to each other and the
DCT mode for the smaller va]ue.of.the sums is éet. That is, if
the former sum is smaller, the frame DCT mode is set, whereas,
if the latter sum is smaller, the field DCT mode is set.

Then, data of the configuration associated with the selected
DCT mode are outputted to the DCT circuit 56, and a DCT flag
specifying the selected DCT mode is outputted to a variable
length coding circuit 58 and to a motion compensation cirbuit 64,

If the 3:2 puli-down source input flag S115 is set, the
input frame S104 is of a progressi?e structure, so that the DCT
mode is fixed at the frame DCT mode.

It is seen on comparison of the prediction mode in the
prediction mode switching circuit 52 shown in Figs.16A and 16B
and the DCT mode in the DCT mode switching circuit 55 shown in
Figs.17A and 17B that the data constructions in these two modes
are substantially identified with each other.

The picture data of the I-picture outputted by the DCT mode
switching circuit 55 is supplied to the DCT circuit 56 where it
is DCTed and converted into DCT coefficients. These DCT

coefficients are fed to a quantization circuit 57 and quantized

to



Also, in the foregoing description, the synchronization input period

of the input picture is one frane tine period. However, the

-synchroni zati on i nput period may al so be one field tinme period or one
pi xel tinme period. In the above description of the picture inputting
device 201 and the encoder 203, the topifield represents the firstly

entered interlaced signal. Conversely, with the picture inputting device

201 and theamncodequAlsiz 4o tain {4 88 MBya Al $on T epeeganhttibg offi rasitay
entered interlaced signal, in which case it suffices to interchange the

sequence ofstdred oin f aeltrdramifdwiah whuehet s 58n soddsf i vd dbandf ddetbottrem
field bottomfield which is an even- field. For exanple, the

signal s SMariabde S30@thacedingt erilrgcéd 58i.gnals in which it
bottonfieldfirst flag that is first entered. Next, the
the encoder 203 Fdif t hlee | deame deeddRtr J050rEdAdPPeutinf ¥amde

ing t

encoder as a core _portion of the noving picture egcodingpesy§é§n2§g1d

Fig 4 is coding circuit 58 transmits the picture enco

first and repeat_first_field.

The variable length coding c}rcuit 58 .is responsive to the
guantization step or scale supplied from the quantization circuit
57 to convert picture data supplied from the quantization
circuit 57, herein data of the I-picture, into variable length

codes, such as Huffman codes, and to output the converted data

to the transmission buffer 59.

The variable length encoding circuit 58 also variable length
encodes input Aata thereto, that is the quantization step or
scale suppliied from the quantization circuit 57, the prediction_
modes supplied from the prediction decision circuit 54,
the modes specifying which one of the intra-picture coding,
forward predictive coding, backward predictive coding
bidirectional predictive coding has been set, the prediction flag
supb]ied from the prediction mode switchfng circuit 52, that is
a flag specifying which one of the frame prediction mode and the
field prediction mode has been set, and the DCT flag outputted
by the DCT mode switching circuit 55, that is the flag specifying

which one of the frame DCT mode and the field DCT mode has been

set.

p

s the
rocessin

A§ plraly

that is

and

at



29 hereinafter explained. The novi ng picture encoder inplenents a
hybrid encoding nethod consisting in a conbination of notion
conpensated prediction coding and DCT well-known with the so-called MPEG 2
(ISO1EC 13818-2). Wth the MPEG 2, pictures of respective franmes are

| -pictures, P-pictures or B-pictures, 4and picture signals are encoded by
conpr essi on encodi ng. That is, picture signals of 17 frames, that is

(rames F1to Fllieie Gouped $08ebFT- 85,8 GLabee of PLE K, Whighslg &

processing unit. For éxanple, pic ighals 0 I'eadi n frame

second fragge FsaANdpbhf tHEr Prib 288 63 ATy ecOdRd 86T $1R A M &+ 3S xed
B-picture and as P-picture, respectively, as shown in Fig.11A The fourth

and fol | owapuds ave the o amk/ maide, abt @haat EheysPrOTHES efr @ d @utpuitas dor
P- pi ct ures. ' As for the picture signals for the I-picture, the
one-frane bpidtanarsiapnal $eagthdcodtng ye t reanmsmsiet.edIns Pead orthde aoiicturee
signals of the P-picture, basically the difference fromthe
length coding circuit transmits the information that the flag
S115 has been set, that is that the input frame is of the
progressive structure. -

The transmission buffer 59 transiently stores the input data
and outputs data corresponding to the stored quantity to the
quantization circuit 57.

If the residual data quantity in the transmission buffer 59
is increased to an allowable upper 1imit, the transmission buffer
increases the quantization scale of the quantization circuit 57
by the quantization control signal for decreasing the data
quantity of the quantized data. Conversely, if the residual data
quantity in the transmission buffer 59 1is decreased to an
allowable lower 1imit, the transmission buffer decreases the
quantization scale of the quantization circuit 57 by the
quantization gantro1 signal for increasing the data quantity of
the quantized data. This prohibits overflow or underflow from
being produced in the transmission buffer 59.

The data stored in the transmission buffer 59 is read out
at a pre-set timing so as to be outputted to a transmission path.

On the other hand, data of the I-picture outputted by the

quantization circuit 57 are supplied to a dequantization circuit



picture signals of the tenporally past |-picture or P-picture is
transmtted, as shown in Fig.11A As for the picture signals of the
B-picture, basically the difference fromthe nean value of the picture
signals of the tenporally past frane and the picture signals of the

temporally future frane is found and eddoded. Fig.12 shows the
principle of the nmethod for encoding the noving picture signals. As shown
therein, since the first frame F1 is processed as LQ% ll-picture,. it . s
directly @Paﬁ?n@ﬁté& §§ dequantized in accordance wil th'e qu 1zat1on.

Conver sel v 8 RaRP RdCLdl A o -8R iRR L F ol T P R P e

di fferenceyhpiamran thenBaPc Yt Uso Afs ¥BE PaSIn ihRRFR eFdcANCIBdE) MEaE Wial ue
of the future frame F3 is calculated, and the resulting difference is

transmttegh afhd rensmawsi Mvdada pdRed so as Morpespaenf iscalbhy edt her earexi st
four sorts of processing as the B-picture. The first processing is to
transmt deterexd imea forward predicted picture portion 63a of a frame

memory 63.

When a picture of_a frame to.be processed as a P-picture is
supplied from the scan converter 71, the sums of absolute values
of the macro-block-based inter—frame differences (prediction
errors) are supplied from the motion vector detection circuit 50
to the pre%iction mode switching circuit 52 and to the prediction
decision circuit 54, in the same manner as described above. The
frame/field prediction mode, intra-picture prediction mode or the
forward prediction mode is set in association with the sums of
the macro-block—-based prediction errors.

When the intra-frame prediction mode is set, the calculating
unit 53 sets the movable contact of the switch 53d to its fixed
contact a, as described above. Thus, similar to the I-picture
data, the corresponding data 1is supplied via the DCT mode
switching circuit 55, DCT circuit 56, quantization circuit 57,
variable length coding circuit 58 and the transmission buffer 59
to the transmission path. The same data is aiso supplied via the
dequantization circuit 60, IDCT circuit 61 and the calculating
unit 62 to a backward predicted picture porfion 63b of the frame

memory 63 for storage therein.



original franme F2 directly as transmtted data F2X (SPl1) by way of
performng intra-coding. This processing is simlar to that for the

| -pi cture. The second processing is to calculate the difference fromthe
future franme F3 and to transmt the difference SP2, by way of performng
backward predictive coding. The third 4#¥ocessing is to transmt the

di -ference fromthe past frame F1 (SP3) by way of perform ng forward
predi ctive codAhgthe Famed Ityimet he floairdvni trroGasiSiBgsé s o tgp@nerfakeod the
difference from a nean value of the past frame F1 and the future frane
(SP4) andf 189t caRdACE thefarf fidrenéerwardr arediisgiion dwide .F2Xaby wdy of
perforningﬂgi-dire tional predictive coding, O these four nethods,

such a nmePASGYIRI ERORFRi AP ZzERet ARTWRLEANPT G 1o eq rRihch i RAr Hikam §3a of

sel ect ed. r mt.ting the difference data,, . a tipn vector x1
bet ween t RASf rfér?gg E%angi B2 (K4 s B vt?e‘e‘%“{rﬁe °pf?c'irlﬁ' gP"o‘?“EHérecu?F%nt

frame and bhe PEGH! GHaOMmot FAKL Corkbifs DELd UBS Ofnd o ibATcbRgeSLLE ST ENCe
of which fromthe current picture 1s to be
circuit 64 in association with the motion vector outputted by the
motion. vector detection circuit 50.

Output predicted picture data from the motion prediction
circuit 64 is fed to a calculating unit 53a, which subtracts,
from the data of the macro-block of the reference picture
supplied from the prediction mode switching circuit 52, the
predicted picture data for the macro-block, supplied from the
motion compensation circuit 64, and outputs the difference, that
is predicted errors. The difference data is transmitted on the
transmission path via the DCT hode sw%tching circuit 55, DCT
circuit 56, quantization circuit 57, variable 1length coding
circuit 58 and the transmission buffer 59. The difference data
is also locally decoded by the dequantization circuit 60 and the
IDCT circuit 61 so as to be supplied to the calculating unit 62.

However, if the 3:2 pull-down source input flag S115 has
been set, both the prediction flag and the DCT flag are of fixed
values of the frame mode, so that these f1égs are not outputted
by the variable length coding circuit 58. Instead, the ;ariab1e
lTength coding circuit transmits the information that the flag

$115 has been set, that is that the input frame 1is of the



31 calculated) is transmtted along with the difference data for forward
predictive coding. Simlarly, a notion vector x2 between the frames F3 and
F2 is transmtted along with the difference data for backward predictive
coding, while both the notion vector x1 and the nption vector x2 are
transmtted along with the difference d& a for bidirectional predictive
codi ng. As for the frane F3 of the P-picture, the difference signal

SP3 between th rang, F3_and the tenporally past frane F1 as the
predictioRrBPE g?iygaﬁar¥%€uﬁ%tion vector x3, are cal cul ated, and

transmtted asthbapgitgshoPngabai £3&e DY URYoOfROL{ PAMRAY siREV@Lfa as

predictive coding. Alternatively, data of the original frame D3 are
directly tthangrelietle @S {d@NSNideia08 ugat de B30 (FRl)ca lyu Mayi nef uparf esgi ng

i ntra-codi ng. One of these nethods is selected which will mnimze the
gquantity dafhet cansoilttédgdahdt 6asaddst heecaseddEteteoBtputtpieture data
Referring to Fig.13, an illustrative construction of the noving picture
encodi ng ddvitbe Meridodecpmpensrfliannedrcudkt Rdugh thet oslibuih grigécesehge the
present eQﬁSﬂF?rgg €ﬁ§”fgé¥j02¥02?%ng1. The picture data of the P-picture
are fed to and stored in the backﬁard predicted picture portion
63b of the frame memory 63.
wWhen fed from the scan converter 71 with the picture of a
frame to be processed as a'B—picture, the motion vector detection
circuit 50 transmits the sums of the absolute values of the
macro—-block-based inter-frame differences (prediction errors) to
the prediction mode switching circuit 52 and to the prediction
decision circuit 54. The prediction mode switching circuit 52 and
to the prediction decision circuit 54 then set the frame/field
mede 1in dependence upon the magnitudes of the sums of the
absolute values of thernacro—b]ock—baséd inter—-frame differences,
while setting the prediction mode to one of the intra-picture
coding, forward predictive coding, backward predictive coding and
bidirectional predictive coding.
The switch 53d is set to the side of the fixed contacts a
or b for the intra—frame prediction mode or the forward

prediction mode, respectively, as described above. At this time,

the processing similar to that for the P-picture is performed for

data transmission.



| ocked to the picture synchronization input S105, shown in Fig.4 From
atermnal 74, an input frane S104 having a frane header is entered,

whereas, froma termnal 75, a flag S115, indicating whether or not the

i nput noving picture fed fromthe picture input device is derived froma
filmsource by 3:2 pull- down. 46 he input picture S104 is entered to
a picture encoding type 32

d | h
esi gnati ng ag@org)ecr%%r1l§,_,1en%8ggggt%gqbbe&%crte,oq.,rrﬁ,}gldlgg lﬂ? \/\}1 hbtqhe plhct en

desi gnat es on pictures in terns tures

of the segpemdeidy Redered FRATES| & Gdioe PsPEEPSEIbn RA6dEXAM| and he
group-of -picture constituted by the frames F1 to F17 are processed as I,

B, P, B, S+itchBs3®, iasseshawn tihe Higickl.of The desegnabvadaptsturer d,
encoding types are witten in the respective frane headers. The
i nput picteseschicehen re-arrayed in the encoding sequence in accordance

wi th the designated picture encodi ng

For the backward prediction mode when the switch 53d is set
to the contact ¢, the data of the picture stored in the backward
predicted picture portion 63b, Herein the picture of the P-
picture, is read out so as to be motion-compensated 1in
association with the motion vector outputted by the motion vector

detection circuit 50.
The predicted picture data outputted by the motion
compensation circuit 64 is supplied to the calculating unit 53b.
The calculating unit 53b subtracts the predicted picture data
supplied from the motion compensation circuit 64 from the inpuf
macro-block data supplied from the prediction mode switching
circuit 52 and output the resulting difference data. The
resulting difference data is transmitted on the transmission path
via the DCT mode switching circuit 55, DCT circuit 586,
quantization circuit 57, variable length encoding circuit 58 and
the transmission buffer 59. The difference data is also locally
decoded by the dequantization circuit 60 and the IDCT circuit 61
so as to be supplied to the calculating unit 62. 5
The calculating unit 62 is also fed with the same data as

the predicted picture supplied to the calculating unit 53b. The

calculating unit 62 adds the predicted output picture data of the



types. The reason of re-arraying the input pictures is that, since the
B-picture is encoded by backward prediction, coding becones infeasible
unl ess the I-picture or the P-picture as the backward prediction picture
is readi ed in advance. Thus the temporally future |I-picture or
P-picture has to be encoded before4@ncoding the B-picture. Therefore,
the picture sequence is re-arrayed to F1, F3, F2, F5, F4, ... if the

pi cture epgedbRGodydifsa & dh 63 ANA & 8% SRRWBULRLLCIAPPLPehfe Figtd Lot
The manner of handling the 1 nput frame (1 nput picture or | nput picture
string) StA4 moctrheipecatwr &iencodhng §ypes pdesugbadiatig ¥d fHet Us€ally
encodi ng sequence re-arraying unit 70 in case the input picture S104
cont ai ns dacpdedl Bdpictuee. desi gnat ed by the frame header

di sabl edfrane_fl ag, is expl ained. . It is assumed that the input

pi cture S104 nhdée the dfi /i nestioped psedicdied, made s AN itherisyitah $3d
whi ch " X" denotes an i nvalid frame. The picture encodLng types are
sequentiaPPyset to the side of the contact d, data of the picture’ stored

in the forward predicted picture portion 63a, herein the picture
of the-I-picture, and data of the-picfure stored in the backward
predicted picture portion 63b, herein the picture of the P-
picture, are read out and motion-compensated by the motion
compensation circuit 64 in association with the motion vector
outputted by the motion vector detection circuit 50.

The predicted picture data, outputted by the motion
compensation circuit 64, is fed to a calculating unit 53c. The
calculating unit 53¢ subtracts, from data of an input macro-block
supplied from the prediction mode switching circuit 52, a mean
value of the predicted picture data supplied form the motion
compensation circuit 64, and outputs differenc? data. This
difference data is transmitted on the transmission path via the
DCT mode switching circuit 55, DCT circuit 56, quantization
circuit 57, variable 1length encoding circuit 58 and the
transmission buffer 59. The difference data is also 1locally
decoded by the dequantization circuit 60 and the IDCT circuit 61
so as to be supplied to the calculating unit 62.

The calculating unit 62 is also fed with the same data as

the predicted picture supplied to the calculating unit 53c. The



33 designated as in a picture string S501 as the invalid franes are

di sregarded. The nunbers in the picture string S501 denote the sequence of
designation of the picture encoding types. The pictures are then
re-arrayed in the encoding sequence in accordance with the picture
encodi ng types. Thus the picture strimgS502 is re-arrayed as shown in a
picture string S502. In- the present case, the signal string S502 is
started with a delay of two franes relative to the picture sting S$S104.

The re- arﬂéyé&1ﬁﬁéﬁar%ﬂkﬁ|ﬁ2n3d€509h%wﬂQQQ§Qﬂﬁ§ SHARUEOMVRTY R daff fhetRet he
pi ctures entered aster scan arge c vert d into bl f t nals.
That is, Fﬁ51ﬁlcfﬁ¥%e%ﬂ?g}%% %br?%kEégp tQ%a |ﬁ§tp§tc8ﬁp?F§g gg d%t i Bds
each consigly Noct! H Ak a5 Shopasl 515k, 13+ 118 s6an C@ﬁvmeﬁozaﬁg"ts

the 1- frane S|gnals i ces h slice consisting of 16 |ines

unit. EacmedﬂdegeBL§1§pbyg i nto macro-bl ocks. Each macro-bl ock is nmade up
of lum nance signals corresponding to 16x16 pixels (dots), which are

further split it anlel acks pY[ii}-downYséLreachnpansif3tong106 Bx8 bdehssethese
16x16 dot | um nance signals are associated with 8x8 dot Cb signals and 8x8
dot Cr sigmalts.the prediction flag and the DCT flag are of fixed values of
the frame mode, so that these f%ags are not outputted by the
variable length coding circuit 58. Instead, the variable length
coding circuit transmits the information that the flag S115 has
been set, that is that the input frame is of the progressive
structure.

Since the B-picture is not used as the prediction picture
for other pictures, it is not stored in the frame memory 63.

In the frame memory, bank switching 1is occasionally
performed between the forward prediction picture and the
backward prediction picture so that the forward prediction
picture or the backward prediction picture will be selected and
outputted for a given reference picture.

The foregoing description has been made on luminance blocks.
However, the chroma blocks are also similarly processed and
transmitted on the macro-block bases as shown in Figs.16A, 16B,
17A and 17B. The motion vector employed for processing the

chroma block corresponds to the motion vector of the associated

Tuminance block halved in both the vertical and horizontal

directions.



On the other hand, for executing notion prediction for the frame S502
bei ng encoded, a reference picture S504 is supplied to the notion vector
detection circuit 50. The notion vector detection circuit 50 processes
the picture data of the respective frames as the |-pictures,

P-pictures or as B-pictures, in accordmgnce with the instructions fromthe
pi cture encodi ng 34 type designating
and picture engqdi;pg u e-arrayi,n i 7Q. The picture ta,pf a

frame processeg a§ aﬁﬁﬁgpﬁggﬁ?é,agﬁcﬁzdagrgﬁakgeF ?apscfr¥ﬁ§ S{rg ‘f58ﬁ1the

DL i on veqoar ket @B, ekl 128 t48na cfie\idid 8! gin%'rsgi BEYN 8 iyRYY Sla
of the frame nenory 51 for storage therein. The picture data of the Frane

processed éas orhehB- pbetdnecompbhaasi 6xr €dr @i Ak FearRd mish ndN p relcie@ishAly
picture unit 51b, while the picture data of the frane processed as the

P- pi ctur e sush thasf epnednsdcamddatar éd output bed kwartheordagicnala tdingt whe tuni t

Sle. 62. No data is written at this time in the frame memory 63.
During this time, no bitstream is outputted by the variable
length encoding circuit 58. |

If the encoded data of the I-, P- and B-picture or the

invalid frame is routed as described above, the picture data
locally decoded by the calculating unit 62 is entered to the scan
converter 72 which converts the macro-block-based input data into
raster scanning data $505. The raster scanning data S505 enters
a picture display sequence re—arraying unit 73. Fig.18 shows
illustrative examples of the output of the picture display
sequence re-arraying unit 73. The picture display sequence re-
arraying unit 73 re-arrays the display sequence of the input
picture in accordance with the following rules (i) to (iii) based
upon the picture encoding types.
(i) The I-picture, initially entered, is stored in the picture
display sequence re-arraying unit 73.
(i1) If the picfure entered next is the B-picture or the invalid
frame, the picture is directly outputted. If the picture entered
next is the I- or P-picture, the I- or P-picture stored in the

picture display sequence re—arraying unit 73 is outputted. The

currently entered I- or P-picture is newly stored in the picture



If, at the next timng, the picture of a frane to be processed as the
B-picture (frame F4) or as the P-picture (frane F5) is supplied, the
picture data of the first P-picture (frane F3) so far stored in the
backward original picture unit 51c is transferred to the forward ori gi nal
picture unit 5la. The next B-picturegfframe F4) is stored (overwitten)
in the original picture unit 51b, while the P-picture next to the
B-picture is stored (overwitten) in the backward original picture unit
51c. The @bWERHLREBENGSEs (Sc@iT aYdqFe it Al Iy : Meanwhil e, if the
frame S502 is.gnrinvalid fLanEqngﬁ %PR%OSii vector detection <circuit 50
waits duriﬁb11 c)%%&ﬁ%ﬁﬁfskﬁﬂi(xy Wi tRout 5érforning any processing.
The macr o- bl 0Ckryd €3go RV yf IUBIAG SEADEAVETBET 8L odfput fUPCEPERd thid
frame prediction node processing or field predi cti on node processing by a
predi ctionpARder 6Vd {40 sddueide reSdrrayThg ufmer v3bhscksowr hirs (i) to
processed are processed by a 35
(iii1) above. :

The locally decoded picture S109 is outputted via a post-

processor 206 to a monitor 207 as a picture outputting unit as

explained with reference to Fig.4.



calculating unit 53 with intra-coding, forward predictive coding, backward

pred| | I -directional predictive coding, under control by a
pr edi m’mm gﬂ'g !ﬂrcuit 54. Whi ch of these processing operations is
to be execu M rmned in dependence upon a prediction error signal,
that is a difference between a picturglto be processed, or a reference
picture, and a prediction picture therefor. Thus the notion vector
detection circuit 50 enerates a sum of absol ute val ues of prediction

error SI TsI%sCeLtf IHs deci sion. The franme prediction node and

the fiel d, predAC+émo@D¢8r B PR £ BB R FULHE RO TG i

herei nafter explalned rame pr {Ton hodé Ras been

the predigi t Ci 2,41 rge a p Lhe frauk
| um nance %Fgac1krsm€([e1lfwt gclr\z(:'[tz su%g éhé ?gmat ﬁ%’léslcé;éﬁ% cgﬁlsérrgr r%et o”%he

downst r eage b f@akdd Gl @ ig1e Wt p‘i%turlen ptrhuc%scsa&@, ah@ptfaesditting € a
and bottomfield |line data exist together in each |um nance bl ock, as

shown in prgcdéded Wdtilg itthils g tater or edgatiion sanatej npoediditdicali smexesgt ed
on four |um nance bl ocks (nacro-
picture signal having plural field pictures, comprising:

a first step of detecting'a redundant field from said input
digital moving picture signals;

a second step of eliminating the detected redundant field
from said plural field pictures;

a third step of deciding, from a string of field pictures
from which the redundant fields have been eliminated, the
combination of a top field and a bottom field constituting a
frame to be processed in accordance with said pre-set picture
processing, and outputting the results of decision;

a fourth step of inserting a pre-set signal in the field
picture string from which said redundant field has been
eliminated for generating picture signals for processing having
the same picture rate as the rate of the input digital picture
signal; and

a Tfifth step of processing said picture signals. for
processing in accordance with said pre-set picture processing
based upon the results of decision.

2. The moving picture processing method as c1aimed in claim 1

further comprising a sixth step of appending to said picture
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bl ock) as unit and each one notion vector is associated with these four

I um nanjﬂlﬂ!ﬂﬂﬁjlmr”mu Eonversel y, the prediction node switching circuit
I' | um nance bl ocks Y[ 1] and Y[2], anong the four

Iun1nance blocks subplled thereto fromthe scan inverter 71 in a

configuration shown in Fig. 16A, will by constituted o

36- solely by dots of the top field line, while the renmaining two

| um nance bl ocks Y[3] and Y[4] wi || be constituted solely by data of the

bottomf|él’&”?ﬂﬁef”tﬁé%eﬁé”ﬁ@ thensele pditaed Tototiret | al e ey o t
53, as shown in ch case, a sole notion vector js associ ated

oih e BhgepRarnd el BEREUSE 1 TOmAtE VIOT PUAT% HIBRero & & T § o

vector is a he remaining two | um nance bl ocks Y[ 3] and
Y[ 4] . p§§§8?bthgg?§%%£n fediction node, the chroma signals are supplied

to the cabcul afhBméNihg IPidture YRR I R nb@Pati 84 8imed in c1aim 1

wherein said input digital moving picture signal is a signal
generated by 3:2 pull-down according to which each picture of an
origiﬁé1 image is read out in twé or three fields for changing
the picture rate. |

ﬂ. The moving picture processing method as claimed in claim 2
wherein, if said input digital moving picture signal is a signal
generated by 3:2 pull-down according to which each picture of an
original image is read out in two or three fields for changing
the picture rate, said subsidiary information comprises:

a first flag specifying which of the top field and the
bottom field has been read out first when processing the originai
image;

a second flag specifying whether each picture of. the
original image has been read out with three fields or with two
fields; and

a third flag specifying which picture signals of said
picture signals for processing are said inserted pre-set signals.
5. The moving picture processing method as claimed in-claim 4
wherein sa{d pre-set picture processing 1is encoding for

compression and wherein said encoding for compression is nhot

executed for picture signal for processing to which the. third
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line data and bottomfield line data exist toget her, as shown in Fig. 16A
For t on node, upper four lines of chroma blocks Cb
and ﬂ" H "ﬁ tﬁﬂﬂleld chrona signals associated with the |uninance

| ocks *Y[ 1], | ower four lines of the chroma bl ocks Cb and Cr
becone botton1f|eld chrona signals assaciated with the | um nance bl ocks
Y[3], Y[4], as shown in Fig.1l6B. The notion vector detection circuit

50 out put; h f bsol ute val ues of prediction errors for the frane
predlctloﬁ % g thgngﬁg sum of absol ute values of prediction errors for

the fielgd preﬂbCth?n&DH?cieréhﬁr&ééggFﬁéCHE{HEE* M1GARY qPr%H%Hm 32.

The prediction node swtching circurt 52 Conpares the suns the absol ute

val ues ofwhelt@ ipr,edhCéd ol €71 S tfe@, 168 of FaBBNdRAE} £d1 @M e and d gy the
field prediction node and executes the processing for the prediction nDde

havi ng t lvaiswdlalténgy alhee. i ntldve-friasid tdovgr eliedtei drs stipphiedibhputh@igitan
cal cul ating unit 53.
moving picture signal.

7. The moving picture processing method as claimed in claim 4
wherein said input digital moviﬁg picture signal is a signal
generated by 3:2 pull-down according to which each picture of an
original image is read out in two or three fields for changing
the picture rate, and wherein, in said first step, said redundént
field is detected by calculating the inter—-field correlation
between picture signals of the current field of the input digital
moving picture signais and picture signals delayed therefrom by
two fields.

8. The moving picture processing method as claimed in claim 7
wherein, in said first step, the number of the input fields of
said input digital moving picture signals is counted, it is,then
judged whether the count value is a pre-set value and wherein
said redundant field is detected from the results of decision and
said inter-field correlation.

9. The moving picture processing method as claimed in claim 4
wherein said pre~set signals inserted in said picture signal for
processing are invalid signals nonsensical as picture signals.
10. A method for processing moving picture signals in which.

digital moving picture signals of a pre-set picture rate
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37 If a 3:2 pull-down source input flag S115 has been set, the input
frame gressive structure, so that the prediction node is
fixed 1ﬂﬂ|um‘|ﬂlljrﬂrmr"m ction node. The notion vector detection
circuit 50 gerter8te3 ih the prediction decision circuit 54 the sum of

absol ute values of the prediction errsgrs for determ ning which of the
I ntra-coding, forward predictive coding, backward predictive coding or the

b'd'reCt'QB%HaQH@hEQAd%(ﬁ£$ﬁf?é€ﬁ§tfﬂér stored®loh S5 e Mt ion, vegt or

detection circuit 50 fi ) & Sum'of théa ° 1CturI Cu849BR T EhkOT

predlCtlO@rabé@@Sn@fgéﬁéFQtedprtHéﬁogpﬁénghetpgdéﬁwgfq ﬁpéf& Ler ! pgs of
di fferences between signals Aij of the macro-bl ock e re erence

pi cture amdgdtamemnvvapupideavref sibranBchad®d! gskosi Nl Srdi ity 06+ field
[err]Aj-Aav[err]. The notion vector detection circuit 50 also finds, as

t he sum ofPictthEeghsisa et nd pee efetthrevzmecdlsotgnansecfanonfss;irfncfmg/varodsmd
predictive codlng the sum of absol ute val ues of differences between

si gnal s Aifjed9Ndgns 'fﬂﬁﬁfjsmi@rt@ Blf‘Gckd%UﬂhéanngDE'qura)fs tdrea hact pehl ock

of the preql\n iQn. gr% or % rL éBI Lerr . The sum of the absolnute
val ues of "{Hé plsgdl Ctrl HNEpPSr §18f dEhRave been removed and by appending
he subsidiary information for controlling the picture
processing, comprising:

a first step of removing said subsidiary information from
said picture signals for processing;

a second step of removing said invalid signals from said
picture signals for processing using said subsidiary information;
and

a third step of repeating picture signals of a portion of
a picture signal string from which said invalid signals have been
removed for generating said redundant fields for restoring said
digital picture signals of saijd pre-set picture rate.

11. The moving picture procéssing method as claimed in claim 10
wherein, in said third step, 3:2 pull-down 1is carried out in
which a picture of the picture signal string from which the
invalid signals have been removed is read out in two or three
fields for modifying the picture rate.

12. The moving picture processing method as claimed in claim 11
wherein said subsidiary information comprises a first flag

specifying which of the top field an the bottom field making up
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backward prediction and bidirectional predictionis found in a simlar
manner exceaﬂjﬂ"ﬂj’ﬂﬂ‘lﬂ?’"lﬂmfﬁ ction picture used is different from
that for forwdr These suns of the absolute values are
supplied to the predl Ction *decision circuit 54 which then selects the
smal | est one of the suns of the absol2®e values of the prediction errors

38- of the forward prediction, backward prediction and bidirectional
prediction as t he absol ute val ues of thedﬁr edictigon .errors for

the inter apf’&?&]%ep}%d'f%tqeoﬁea?hé’uﬁr BArEt of WY agcﬁpéﬁl {Y3n9t WdAh
compares (pg fUBLOfnd NG, Ahsal g, Y-%' egnﬁftﬁgetwgﬁdé%' e:#h%{s QL Lhe

inter-picture prediction to the s absOi ut & Val'des

predi cti orferdher $i@ftutrike ditn=a sp'ffbtrur;?ro&%idﬂ'gg and selget lseég'eoﬁgalahﬁr one

of the suns of the absolute values in order to select the nod

cor r espondimg d ©1abessed et ath whighvak ueh@p itcher rr e@gahn@rbmtd\% pibRalrel S,
if the sumof the

signals for processing are the inserted invalid signals.
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absol ute values of the prediction errors of the intra-picture coding is
smaller, the intra-picture prediction node is set. If the sumof the
absol ute values of the prediction errors for the inter-picture prediction
is smaller, the node having the smallest sum of the absol ute val ues, anong
the forward prediction node, backward prediction node and the
bidirectional prediction node, is set. Thus the notion vector
detection circuit 50 detects the notion vector between the reference
picture and the prediction picture a86ociated with one of the four

predi ction nodes selected by the prediction decision circuit 54, and

out puts the detect ' 3t \ h coding circuit
58 and to a m)t|o@%ﬁgggbuﬂgEgl@%gSSigﬁu@gugﬁ vect or havi ng
the smallest value of the sumof the absolute values of the prediction
errors is selected. When a picture of a franme to be processed as an

| -picture ABSTRACT

A method for processing a moving picture includes five steps. Firstly,
a redundant field from the plural field pictures of the input digital moving
picture signals is detected. Secondly, the detected redundant field is eliminated
from the plural field pictures. Thirdly, from a string of field pictures from
which the redundant fields have been eliminated, the combination of a top field
and a bottom field constituting a frame is decided to be processed in accordance
with the pre-set picture processing, and outputting the results of decision.
Fourthly, a pre-sét signal is inserted in the field picture string from which the
redundant field has been eliminated for generating picture signals for processing
having the same picture rate as the rate of the input digital picture signal.
Lastly, the picture signals for processing are processed in accordance with the

pre-set picture processing based upon the results of decision.

Figure 4



39 is entered, the intra-frame prediction node, that is a node not
executing notion prediction, is set, and a switch 53d of the <calculating
unit 53 is set to a fixed contact a. This permts the picture data of the
| -picture to enter a DCT node switching circuit 55. The DCT node
switching circuit 55 sets data of the fPrIS | um nance bl ocks to a state in
which top field lines and bottom field 1Tnes exist together (frame DCT
node) or a state in which top field lines and bottomfield lines are
separated fromeach other (field DCT node), and outputs the data to a DCT
circuit 56, as shown in Figs.17A or 17B. That is, the DCT node
swtching circuit 55 conpares the encoding efficiency for the case in
which the top field data and the bottomfield data are DCTed in an
intermngled state and that for the case in which the top field data and
the bottomfield data are DCTed in a sep@grated state, and selects a node

exhibiting a better encodin§ efficiencyw&,, Fqf exarple, the input
signal configuration is such a confi%ﬁr&&tion lCl_Jn whilch the top field
lines and the bottomfieldg Sam =
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lines are in a comm ngled state, as shown in Fig.17A The difference
bet ween signals of the vertically neighboring top field and bottom field
lines is calculated and the sum of absolute values of the differences
or the sumof square values of the differences are found. Al so, the input
signal configuration is such a confi g;ﬁzﬂténon in which the top field

40- lines and the bottomfield lines a a separated state, as shown
in Fig.17B. The difference between signals of the wvertically
nei ghboring top field and bottom field lines is calculated and the

sum of absolute values of the differences or the sumof square val ues of
the differences are found. The two suns of the absolute val ues are
conpared to each other and the DCT node for the smaller value of the suns
is set. That is, if the former sumis snmaller, the frane DCT node is set,
whereas, if the latter sumis smaller, the éeld DCT node i s set.

-
)

l

l
FIG.2
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Then, data of the configuration associated with the selected DCT node are
outputted to the DCT circuit 56, and a DCT flag specifying the selected
DCT node is outputted to a variable length coding circuit 58 and to a
notion conpensation circuit 64. If the 3:2 pull-down source input
flag S115 is set, the input frame 810439%%§f a progressive structure, so
that the DCT node is fixed at the frame node. It is seen on
conparison of the prediction node in the prediction node switching circuit
52 shown in Figs.16A and 16B and the DCT node in the DCT node swi tching
circuit 55 shown in Figs.17A and 17B that the data constructions in these
two nodes are substantially identified with each other. The picture
data of the I-picture outputted by the DCT no swi.tching circuit 55 is
supplied to the DCT circuit 56 where it is ed é%d converted into DCT

coefficients. These DCT coefficients are fed®Ro afuantization circuit 57
and quanti zed A
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41 with a quantization step associated wth the quantity of data stored
in a transm ssion buffer 59 so as to be fed to the variable |ength coding
circuit 58. Fromthe frane header information, the variable

l ength coding circuit 58 transmits the picture encoding type, topfield
first and repeat_first_field. The variable length coding circuit
58-is responsive to the quantization §%é§{or scal e supplied fromthe
quantization circuit 57 to convert picture data supplied from the
quantization circuit 57, herein data of then]-prctuge—tmjo variable

| ength codes, such as Huffman codes, and to put e converted data to
the transm ssion buffer 59. The vari able lengtis encogling circuit 58
al so variable |l ength encodes input data theretg, tmg is the quanti zation
step or scale supplied fromthe quantlzatlmn cirotd he prediction
nodes supplied fromthe prediction deC|sEb8cQ|rCU|}F54 hat is the nodes
speci fyi ng which one of the intra-pictur@ ¢odhhs Por walr d predictive

[ P .
codi ng, backward predictive codi ng and bljir'qstgna priedi ctive codi ng has
been set, the prediction flag 7o} 05
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supplied fromthe prediction node swtching circuit 52, that is a flag
speci fyi ng which one of the frame prediction node and the field prediction
node has been set, and the DCT flag outputted by the DCT node swi tching
circuit 55, that is the f.lag specifying which one of the frame DCT node
and the field DCT node has been set. 5718

42 However, if the 3:2 puII-down/%ource i nput flag S115 has been
set, both the prediction flag and the DCT flag are of fixed values of the
frame node, so that these flags are not outputted by the variable Iength
coding circuit 58. Instead, the variable length cqeding circuit transmts
the information that the flag S115 has been set, Zthat 1is that the

input frame is of the progressive structure. gc: The transm ssion
buffer 59 transiently stores the input dat uts data corresponding

to the stored quantity to the mo"—
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guantization circuit 57. If the residual data quantity in the
transm ssion buffer 59 is increased to an allowable upper Iimt, the
transm ssion buffer increases the quantization scale of the quantization
circuit 57 by the quantization control signal for decreasing the
data quantity of the quantized data. Q@ rsely, if the residual data
quantity in the transmssion buffer Is decreased to an
allowable lower limt, W the transm ssion buffer decreases the

guanti zation scal e df-u;iﬁ quantization circuit 57 by the quantization
control signal for & gﬂ ng the data quantity of the quantized data.
Thi's prohibits over fl5gadig; under f | ow fr®m being produced in the

transni ssi on buffer ®%EY The datg%tored in the transm ssion buffer 59
Is read out at a pre-%t timng so g®&o be outputted to a transm ssion
pat h. On the oth néy data @ ighe |-pict@e outputted by the
quanti zation cirgyit-ozlare ggppl i ed_;@-,a chu&rtimat ion circuit
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60 so as to be dequantized in accordance with the quantization step
supplied fromthe quantization circuit 57. An output of the

dequanti zation circuit 60 is fed to an inverse DCT (IDCT) circuit 61 and

t hereby inverse DCTed so as to be then supplied to and stored in a forward
predi cted picture portion 63a of a fran? 1 genmory 63. When a picture
of -a frane to be processed as a P-pictu é I's supplied fromthe scan
converter 71, the suns of absolute values of the nmacro-bl ock-based
inter-frane differences (prediction errors) are supplied fromthe notion
vector detection circuit 50 to tqﬁgﬂ?EdiCtion node swtching circuit 52
and to the predictig deci si omfCi t 54, in the sanme manner as descri bed
above. The frane/fieIdSEABaict on node, intra-picture prediction node or

the forward predicti® pue TS setobn association with the suns of the
macr o- bl ock- based predictioreppors 1 When the intra-frame prediction
node is set, the cal qul dPin nit 53 sets the novable contact of the

switch 53d to its fixed

the I-picture data, t
top_fieﬂy

YES
Y 1004

’709 as descri bed above. Thus, simlar to
spongi ng data is supplied via the DCT node
NO

REDUNDANT
FIELD
?

YES 1006 1008 -
/ \ /
top_field_first =1 top_field_first =1
repeat_first_field =1 | | repeat_first_field =0
Y { 1010
1007
007y fp = fp+1 g
fp = fp+2

REDUNDANT
FIELD
o

NO

1012 1014
S ¢

top_field_first=0 top_field_first=0
repeat_first_field =1 || repeat_first_field =0

[] 1013
fp = fp+1
I

FIG.7



switching circuit 55, DCT circuit 56, quantization circuit 57, variable

| ength coding circuit 58 and the transm ssion buffer 59 to the

transm ssion path. The sane data is also supplied via the dequantization
circuit 60, IDCT circuit 61 and the calculating unit 62 to a backward
predi cted picture portion 63b of the frane nenory 63 for storage therein.
44- At the same tinme as the switch 88H8is set to the side of the fixed
contact b for the forward prediction node, data of a picture stored
in the forward predicted picture portion 63a of the frame nenory 63,
herein the picture of the I-picture, are read out and notion-conpensated
by the notion conpensation circuit 64 in association with the notion
vector outputted by the  notion vegtor detection circuit 50. Qut put

predi cted picture data frjomit he nu%roq;ﬁ%ed+e{+ﬁﬂ;;cti{uit 64 is fed to a
calcul ating unit 53a, whijch |subtracts,” | J _
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fromthe data of the macro-block of the reference picture supplied
fromthe prediction node switching circuit 52, the predicted picture
data for the macro-bl ock, supplied fromthe notion, conpensation circuit

64, and outputs the difference, that is predicted errors. The difference
data is transnmitted on the transm ssiogpgth via the DCT node sw tching
circuit-55, DCT circuit 56, quantization circuit 57, wvariable length
coding circuit 58 and the transm ssion buffer 59. The difference data is
al so locally decoded by the dequantization circuit 60 and the |[IDCT circuit
61 so as to be supplied to the calculating unit 62. However, if the
3:2 pull-down source input flag S115 has been set, both the prediction
flag and the DCT flag are of fixed &alues of the frame node, so that these
flags are not outputted by the riabl e length coding circuit 58.

I nstead, the variable Ilength cdﬁ?nd”circuit transmts the information that
the flag S115 has been set, tha is that the input frame 1is of the

45
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progressive structure. The calculating unit 62 is also fed with the
sane data as the predicted picture data supplied to the calculating unit
53a. The calculating unit 62 adds the predicted output picture data of
the notion conpensation circuit 64 to the output difference data fromthe
IDCT circuit 61. The picture data of tgﬁ P-picture are fed to and stored
in-the backward predicted picture porti /183h of the frane menory 63.

When fed fromthe scan converter 71 with the picture of a frame to be
processed as a B-picture, the notion vector detection <circuit 50 transmts
t he suns of the absol ute val ues of the nmacro-bl ock-based inter-frane
differences (prediction errors) to the prediction node swtching circuit

52 and to the prediction (decisijon ci e 4. —prjedi cti on node
switching circuit 52 and o thg predilctiof|deci%®iloN [circuit 54 then set
the frane/field node in dependence ugan thg gagnijtydes of the suns of the
absol ut eval ues of the macrjo- bl ock=baged—T mgr=f ranegdi f ferences, while
setting the prediction node to one of |tlke irtrajﬂicture codi ng, forward
predictive codi ng, backward predj2tive _codird®and | o~
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bi directional predictive coding. The switch 53d is set to the side of
the fixed contacts a or b for the intra-franme prediction node or the
forward predi cti on node, respectively, as described above. At this tineg,
the processing simlar to that for the P-picture is performed for dat a
t ransm ssi on. 46 Conversel vy,
when the prediction node is the backmarﬁllbﬁediction node or the
bi directional prediction node or, the switch 53d is set to the sides of
the fixed contacts ¢ or d, respectively. For the backward prediction
node when the switch 53d is set to the contact c, the data of the picture
stored in the backward predicted picture portion 63b, herein the picture
of the P- picture, is read out so as to+=be notion-conpensated~in
association with the’pntion vect or outpu%ted by the notion vector

N~

:
o
85 = - (o §

s (UL~ s Sl ~

G s i RERIIIZN )

— 20205 A -
RN,

FIG
FIG.11B



detection circuit 50. The predicted picture data outputted by the
notion conpensation circuit 64 is supplied to the calculating unit 53b.
The cal culating unit 53b subtracts the predicted picture data supplied
fromthe notion conpensation circuit 64 fromthe i nput nmacro-block data
supplied fromthe prediction node swtchin circuit 52 and output the
resulting difference data. The re%%(??ng difference data is
transmtted on the transm ssion path via the DCT node switching circuit
55, DCT circuit 56, quantization circuit 57, variable |ength encoding
circuit 58 and the transm ssion buffer 59. The difference data is al so

| ocally decoded by the dequantization circuit 60 and the IDCT circuit 61
so as to be supplied to the calculating unit 62. The cal cul ating unit
62 is also fed with the sane data as the predicted picture supplied to
the calculating unit 53b. The calculating unit 62 adds the predicted

out put plcturegg?ta of the 47
e
At s
aFZ _
Cra o
pZO\ (7]
Zm© T e I o
3= i N e B
gé ) \\\\/\ & &
18 0 ~
w "Q \\// \\[(D
= A E\\
jg I\ (& ~
gl 83 | ¢ -3 f%--=| % @
1 ag L / O———r>| W
(1T / A <
ol w / 0. /’
ws N A
oG WA L
/ 7~
SEZ o L2 A% % N
GEQ ™ ] & o ™
=0 N A e ot . -
Z20e NN Y oy 1 <
s \ A AN e e
Z 0 N N N 10 << —
ol TR AN =0 T
=T = p-Y ~a =0
_IE I\ U)\_ /ZEE
- — > <
o| Og N r o <w>= m
| g | & / Q;j"?‘ L =T
Eu- / // a /’f "'Z
11| E Iy w_-
QE Z ‘; { 7 7
E< /// /&2
< 1/ 7 ) Q
s - -
0'6 -— // (0 >< Q:<
< = | d -
oy2 W |- ——»=! gl | )
EEg N\ EQ3
2L Qui=
: [a)
== <=z<
og o = 5
z ous Fg FZ
b =T o
254 Sk o
>E< n<g
oYY Z0
=Y <
@ =



©
O OO
oL C o
v O - C
(&} — —
— - O T y-
S+~ OO C
O - —_ —
C O~ 0OCoO
O wnWT CO
L . O C
fBSM
(@] — © -
© - C QO
© O O mcm
= O Oy ©
C OMm -
T O OLOLC
(O] L « O
DT L o O.—
o (] —
[ — O
D >N . —.— O
~_ 2T aa
D— 0 1
w— @© -0
— O OO -
—0C O >
T — +— O C o
— 20 O
- O C U -
SO e O
ptmeg
= — O
S 4= =] (&}
OO0 -0+
O O - O
O CT.— 5.~
htmptd
+— @ oo
© O .— —
(@] cCcCc oo
- O O —
[ (O]
< 5 - LT
O o O 0 =
—.— 0 @© C
—_ 000 .- X
S « © OO
OWMNWOT - ®©
- O L O
[ O
O.— @O (8]
(@) e -~
c O 4 @©
Ownw.—om
- 0O = —
S o cc
(%)) -~ O OT
c —_0.—- 0
e d ot S
ml .1 O - 0O
.- C O
OWO - Q;m
o
- V- OO
C._C O « o
O 5 5 35
— O D = =
..l.rerIdCC
mCFSpD.

@©
c . (&}
O @ AN (&N e))
T Lo cC C
@ 235G = AHOWIW IWVH
S 522 aime v = 2052 €9~( [ zunoE ] ) )
— O Y— L}
SaL Rl E——_— i - €L DI
= 2 5'33g09 AVIdsia NVOS €9 L adviHod | ¥9
5 ,._m r HOLIMS NOLLVSNIAINOO
05238, 0T dnve y 969 MO
s L 228,
e +— +— — =
o8 s542€ SAGIILMS e 9 | lauviova | | )
g, °95=s5 a.w CREETETTZE/ T
o C — @© Y— r I R —9
O G.o wdm . 1 g ~[FNOHIS L =t T T SLiS OV
. s e B ! i oL TTTT T I T Y 1ndNi 3024HNOS
sc®s5358l = _1|r||__|L_...sn..._ ' - i NMOG-TINd Z'€
o e — ! l...__.umlnhh..luununnihwn.-nnuuunnmuuu..u_fj_ "
E g FRm-ESm ooyt | 266 -4 4 ( BOLO3A| |
- a f.%.nauull hoZims el relbviiondiient * ovid | “ L] gg ! _ZOC.O__eu_ __
ni.ﬁm.t@%ﬁo —~ 09 “ 1Ja | | P -} : L | |
CRCReH NBNo-3a aiaid || Lgeg ! !
4 lec T, : 2 Anvas NOLLOIa3Yd » L) | I
=9 EQ3 fo===- | TvNolLOZHIGHE y— | [ | OV I | | !
wwm__ b oo | it oﬁ.ﬁ \.MIJ\ vaxa ) | _ !
olelTo 22> | LiNJuId oLoiazEd\ /1= ai3id + | 2G| ]
OO D SHHD |, Lok ONIHOLIMS | || quvadiova _ o | | AENVHd _ 09
P _ﬂu.m iy PEEW | g1314-3Wved o z%m.vﬂmww& .o%_mwm__%m _“( 1INOHIO
! %“n_. S HydP 21 | ] 7 NOLLOIG3Hd ! Q3101034d ONILO3 130
bl wdlhuend 49 | 95 95 ppg D aliibuviin v9|draaaniy) || “doion
LldE ST 2RIk e o - SIONIYILIA | __
Lejo __o o 4o 30OW NOLDIG-38d _ _ GNJOWNS Ao 3 7 AHOWIW ™.
m ﬁW.uhmw.muﬂ..mﬂnHHNHNN:HHHHH.ﬂ._ 7 LINOHIO ONIDAN) 40 INTVA | -7 "aWyEL o
et i Saat At T U qvNoLo3uig atniosay | 3 \o ) =)
558" 55° 5 p 11| Tvnoiodaig Bn1old |[ 3unold |[ 3untoid ) oo
o2 .5 Sl o Lt Al|vNisido || qvNisido || IvNIDIHO
& c 55 $ao-I2 111\ gunioigveln ;¢ ||lauvme0d| [soN3HI3Y] [anvmdiove
p -5 fongenguneniinylgdigiogingivg gy gty npbepfepdayadisalosiuty. “ 4 ]
e — -6 =3 OO el e -
TEes T 0o iy Y o I vS BIG /N QLS 04N\ 94§
W< o oo =t 65 LINOHID [ . p !
vCw S £ ¥3:44ng ONIdOONT [ HELLIANGD|Z05S | NRANG
o - -
A > H Wvadis| HLONIT e 4 £0SS NVOS JWVHS
E2 oB S®m T . ug  |3i8visvaj | DNIQOONS [3HNLDIg
50 o 3 .mdmv&wcm il MovaaaId UII4ng e
enteﬂmnmst
S8553:§1.3
o P I3} — Q —
m m >S5 m © O @©.—
o 00 0O.-©COT O



circuit 57, wvariable length encoding circuit 58 and the
transnission buffer 59. The difference data is also locally decoded by
t he dequantization circuit 60 and the IDCT circuit 61 so as to be supplied
to the calculating unit 62. The calculating unit 62 is also fed
with the sane data as the predicted pig}fée supplied to the cal cul ating
unit 53c. The 48 cal culating unit
62 adds the predicted output picture data of the notion conpensation
circuit 64 to the output difference data of the IDCT circuit 61. This
gives picture data of the locally decoded B-picture. If the 3:2
pul | -down source input flag S115 has been set, both the prediction flag
and the DCT flag are of fixed values of the frame node, so that these
flags are not outputted by the variable length coding circuit 58.

I nstead, the variable length coding circuit transmts the information that
the flag S115 has

FIG.14

101 |P03|B02|P05{B04|x01|P07{B06|P09/B08|x02P11/B10;P13|B12| x03

B* *:B-PICTURE
x % % : INVALID FRAME

I% *x:1- PICTURE
P % % : P- PICTURE

-|FO2|F02(F03|F04|x01|F05|F06|F07|F08|x02|F09{F10{F11|F12|x03|F13
101 |B02|P03{B04|x01|P05|B06|P07|B08|x02 P09(B10|P11/B12|x03 P13

S$104
S$501
$502



been set, that is that the input frane is of the progressive structure.
Since the B-picture is not used as the prediction picture for other
pictures, it is not stored in the frame nenory 63. In the frame
menory, bank switching is occasionally performed between the forward
prediction picture and the backwarslypgediction picture so that the
forward prediction picture or the backward prediction picture wll be
selected and outputted for a given reference picture. The foregoing
description has been nmade on | um nance bl ocks. However, the chroma bl ocks
are also simlarly processed and transmtted on the macro-bl ock bases as
shown in Figs.16A, 16B, 17A and 17B. The notion vector enployed for
processing the chroma bl ock corresponds to the notion vector of the
associ at ed | um nance bl ock halved in both the vertical and horizontal
directions.
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49 If invalid franes are fed fromthe scan converter 71, the DCT
circuit 56, dequantization circuit 60, inverse DCT circuit 61 or the
notion conpensation circuit 64 perforns no processing such that
nonsensi cal data is outputted by the calculating unit 62. No data is
witten at this tinme in the frame nmenory; @2 EUring this time, no
bitstreamis outputted by the variable ﬁ gth encoding circuit 58.

If the encoded data of the I-, P- and B-picture or the invalid frame is
routed as described above, the picture data |ocally decoded by the
calculating unit 62 is entered to the scan converter 72 which converts the
macr o- bl ock-based i nput data into raster scanning data S505. The raster
scanni ng data S505 enters a picture display sequence re-arraying unit 73.

Fig.18 shows illusteative exanBles of the output of the picture
di splay sequence reéhrraylng ungEt 73. The picture display sequence re-
arraying unit 73 rd% rays thegigspl ay sequence of the input picture in

accordance with thes Iomnng (=) (i) to (iii) based wupon the picture
encodi ng types. (|§n_ e I-pic@e initially entered, is stored in the
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(iii)

The |l ocally decoded picture S109 is outputted via a post-

206 to a nonitor

with reference to Fig.4.

P-picture
fromthe
expl ai ned

or

| f the picture entered next
the |-

the picture is directly outputted.
(ii1) The processing reverts to

(i)
or P-picture,

frame,

is the I-
pi cture display sequence re-arraying unit 73 is outputted.

currently entered |- or P-picturejis/rmsewy stored in the picture

di-spl ay sequence re-arraying unit 73.
207 as a picture outputting unit as

next
The locally decoded picture S109 is outputted

pi cture display sequence re-arraying unit 73 as shown in (i) to

di spl ay sequence re-arraying unit 73.
above.

the B-picture or the invalid
the picture entered
stored in the

The

50
processor

(ii).
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51 What is clainmed is: 1. A method of processing a signal representing a
novi ng picture which is divided into a plurality of frames such that each
respective frame is formed of one odd field and one even field, the signal
generated according to a 3:2 pull-down process where each respective
redundant field is repeated after two rggeigtive frames for converting a
notion picture filmto a noving picture irdeo and supplied at a
predeterm ned clock rate froma noving picture source for input to a signa
processi ng device for predeterm ned processing operations on the input
signal, said nethod conprising the steps of: detecting a redundant
field fromthe input signal; conbining the odd and even fields to formthe
respective frames such that the redundant field is elimnated fromthe

i nput signal; inserting a predetermned invalid frane into the input
signal to obtain an output signal for processing at a substantially the
sane clock rate as the predeterm ned clock rate of the input signal such
that the noving picture|source and| signal processing device are
synchroni zed to operatejat|substaniially the sane clock rate; and

addi ng supplenental datq tp the put signal for indicating which of the
respective odd and even (i conbined to formthe respective franes
and for indicating; whej btermined invalid frame is inserted,
wherei n the suppl enent al ides a first flag for specifying whether
the odd field precedes t el d in the respective frame of the input
signal, a second flag f g whether the respective frane of the

i nput signal contains tv three fields, and a third flag for
speci fyi ng whet her a cun of the output signal is

he pt
at-a— 1
even
Speci 1
i el ds
nt fra

FIG.18
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WO O3
the predetermned invalid franme. 2. The nethod according to cfaim
wherein the preHMM@mmlﬂngmm ng operations include an é'h’_'cddsi‘ ng
operation for s i, wherein the encodi ng operation™s’ i
carried out for the predetermned invalid e S
52 frane if the third flag is active. 51 3. The nethod accordi ng-t 6 &fai-m
2, wherein h% Led%timﬁ$éif§ﬁiis detected by calculating a difference

bet ween two Fiel’ds o € input -signal. 4. The nmethod accordi/mgsto...
claim 3, wierei & tiethad ¢f epriscertinene weighal heeprésenehog hsmoaticg ated
are success; c eyenfi ' ] : ; C ' | ai m
4, wher ei nﬁl\t%#%gu%ﬁ:{ ?ise!dglviq?eéietg}ﬁogdabyiggg%%itegg ﬁe%%é?gsrsgf&lt he

i nput si gndhatugprenarespert Feachragealpr égemetnigfe PR uedd t Réedff paSence
bet ween t hedawetég! g1, catigall gigdal gendratel 8BEHLdingf td estarning a
processed si q_p representing a novi jgi cture.which.is.divi gedll nto a
plurality &%k '?r?é‘gl RIIFGIR TS FEP L FRETH Bt FEURdRHEd T f 18ndSodd
field and aepeated fifdled, tiwberpspeesied Sramad iyt aiomeedni mgeeabicigna
redundant fj. [ | Dpyt S I eq,.agcordi ng : 322_pul_| - down
process wh rlgétgla{{:%ofrge%ge%?i %em?’ggﬁﬁdg%t% [tl’? %%%dq’ilgfe?)epafel%{e%l&% ?}a%dt \a/}g a
respect i ve Presiede imeimesh nedkeck ngake nrpon apinavimg frieswee asavyrag fpirct ur es

video, by GepRithi R the 8fgnand oNvsFedd MdS d&riff Medie peeRRekrkE nkianes
such that thé redundant field is elimnated fromthe ipput si

nal, by
i nserting PEAEFRIIGI ABGTRARYEPFd PR arkds ntBPHhe FHRALsi Fifld t BeS5BOS n an
out put  si grAdmdrdisipipatssistemd of :substantially the sane clock rate as a

pr edet er m ned clpgk rale of LG JARUE AP ponf BPY 449 18 upp! erent al

combining the odd and even fields to form the respective
frames such that the redundant field is eiiminated from the
input signal;

inserting a predetermined invalid frame into the input
signal to obtain an output signal for processing at a
substantially the same clock rate as the predetermined clock
rate of the input signal such that the moving picture source
and signal processing device are synchronized to operate at
substantially the same clock rate; and

adding supplemental data to the output signal for
indicating which of the respective odd and even fields are
combined to form the respective frames and for indicating:
where the predetermined invalid frame is inserted, wherein
the supplemental data includes a.first flag for specifying
whether the odd field precedes the even field in the
respective frame of the input signal, a second flag for
specifying whether the respective frame of the input signal
contains two fields or three fields, and a third flag for
specifying whether a current frame of the output signal is
the predetermined invalid frame.

2. The wmethod according to claim 1, wherein the
predetermined processing operations include an encoding
operation for signal compression, wherein the encoding

operation is not carried out for the predetermined invalid
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- the Qu'f put si gn@ﬁ l'BTiEEi n the supplenental data includes a first flag for
L

speci fyi ng whe HiHl,um d precedes the even field in the respective
frame of the i il d8cond flag for specifying whether the

respective frane of the 1 nput signal contains two fields or three fields,
and a third flag for specifying whether3& current frame of the output

signal is theu adetgidridgdd Miald 4 amvesai d met hod conprising the steps

of : separating fromth roocessed. si gnal the suppl enental data. which
i ndi cates whi ch 3of t H&*S eg‘ﬁgégfivea%%r%ﬂage\?é’n F&@Ilﬂs %\eré“’ iThed o form

t he respectneduridaartesfaatldf urds hdetentedatlss wheérelbthéngr edetidififieretcenval i d
frame was . . . I nserted; renoving the

pr edet er m r]?eeé-‘“{enevnaltlw(? ffrléar%edsf roofmttbf'?e lr}rpélé:essggélélgj]'gnal based on the

suppl emental datde; arthe methasheeadaonping espectaie 3ievberainhshpr twessed
signal at gipadd ot B aRchher pg edef edidiadk | nval i 1lhamR RS ahgnoved

for generating the redundant field, whereby the processed signal is
subst ant i alSUFaaRs i gnodss ql?l@‘ﬁ%tﬁles;idcﬁral . 7. An apparatus for

plrocelssi ng ? si gnal m&wemﬁahbag ﬁccﬁ@ﬂcﬂi@gpit@ ]chE:QaM! cfb% i wfgx\éi]gedtmt gda

plurality o r SLC at ea espective frane .i.s r of .one o

field and cfr?é{“é'%ﬁ&f igjr%:,[éth% §F§ﬁ5peéeﬁ’é’r é‘toélﬂltd‘&gortc}'f%g]?}%fgs 395 53’1‘? - down

process vm&@uaa(ﬂigrﬁxbemdﬂveﬂ;hmuupm; réae]_‘lﬁnc_i; sarppedeedmﬁned_ fcomnt

respective Jﬂear&%déeQ{erfc‘H“b%rd;Né& ?cHEDtﬂfo‘ q‘(l'ecltdéf%g Id DO A JPVi NG pi ctures
ed at a predeternined cloc r

vi deo and suppl _rate froma noving picture
source for inputtto & sigabhodro®dssi wepHeviee far Prerezsed nedigngdessi ng

operations QpAdeddig & 9REvin§aigh ARPA ak®s ROMPEI Sdf¥ided into a
plurality of frames such that each respective frame is
formed of one odd field and one even figfa, the
processed signal obtained by detecting a redundant field
from an input signal generated according to a 3:2 pull-down
process where each respective redundant field is repeated
after two respective frames for converting a motion picture
film to a moving pictures video, by combining the odd and
even fields to form the respective frames such that the
redundant field is eliminated from the input signal, by
inserting a predetermined invalid frame into the input
signal to obtain an output signal for processing at a
substantially the same clock rate as a predetermined clock.
rate of the input signal, and by adding supplemental data to
the output signal, wherein the suypplemental data includes a
first flag for specifying whether the odd field precedes
the even field in the respective frame of the input signal,
a second flag for specifying whether the respective frame of
the input signal contains two fields or three fields, and a
third flag for specifying whether a current frame of the
output signal is the predetermined invalid frame, said
method comprising the steps of:

separating from the processed signal the supplemental
data which indicates which of the respective odd and even
fields were combined to form the respective frames and
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[ | 09 Nov ms} 5
kil y

further indicates where the predetTrmigggwigyglid frame was




means for detecting redundant field fromthe input signal; means for

conbj’ni ng thellﬂmnmﬂm,mm" | ds to formthe respective franes such that
t he redundant ISRl ed fromthe input signal; means for
inserting a predétertnifled®invalid frame into the input signal to obtain an
out put signal for processing at a subst¥htially the same clock rate as the

predet er m nedGleek rate of the input signal such that the noving picture
source and si gnal procesg,ri 2% devi,ce are synchroni zed to oPlerate at

subst ant i aMISFIHES & & tegmdneg, dnvalidyframe; frongfhRqPLRFEEEREN al
data to thgiouaiubacghan ftdle isuPplairdig athiddt0f ddde respective odd and
even fields are _conbined to_formthe rfe_ggiﬁtivetfranes andc{%ré.. I_ndi cating

where the predeF&prﬁaﬁ:eld"q AVaFPESFraNe slerlltekbe, RAFer 657 Pénment al
dat a i ncl ueespartfiost firbag whirchs peb¢ f predetkemnbiaedt Hemvedd d | £Famer eaades
t he even fi |y t r e S r &Hﬁq' U ; shgnal o] flag
for specif#rq%‘}vﬁet gft e re?{stplglc isggf %taeme oar{kﬁekléia' Whéré%‘f the
54 input sPHPAICEST aFhgnaho IS ePERsERNERR LY f tedsSaBRd AR tHRe d i f or
speci fyi ng er a current frame of the output signal is the
predeterm ned invali %}{]rarre. The appar at us ,accgrdi ng to cl.aim?7,

a

8.
wherei n the predet er AthEPHEESERT BFOCaSEIRS BnelgnalaneRRESERhdRS
operati on faomosiigabicanpeewhioh, inhéielded hienten codilng addernaoifof riamerot

carried out__for .t pr.edet ] ciovalid f i he-third f.l.ag.i
active. such_ tk{hite ea%%%r%%&g‘glc%ér]d%\%g? o{%rg?]rfﬁ{\%é %e?%ﬁnofi ﬁe%ﬁ‘ggﬁis for
det ecti ng andedwed@ver ifdled bompe sdgnmeagenkyated egicaridiggatdi &f 8rénce
bet ween t wo, fiielfinPfptdieddRbtiesd I08¢h respective redundant field is

repeated after two respective frames for Sgnverting a motion
picture film to a moving pictures vide;-and supplied at a
predetermined clock rate from a moving picture source
for input to a signal processing device for predetermined
processing operations on the input signal, said apparatus
comprising:

means for detecting redundant field from the input
signal;

means for combining the odd and even fields to form the
respective frames such that the redundant field iseliminated
from the input signal;

means for inserting a predetermined invalid frame into.
the input signal to obtain an output signal for processing
at a substantially the same clock rate as the predetermined
clock rate of the input signal such that the moving picture
source and signal processing device are synchronized to
operate at substantially the same clock rate; and

means for adding supplemental data to the output signal
for indicating which of the respective odd and even fields
are combined to form the respective frames and for
indicating where the predetermined invalid frame 1is
inserted, wherein the supplemental data includes a first
flag for specifying whether the odd field precedes the even
field in the respective frame of the input signal, a second
flag for specifying whether the respective frame of the
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10. The-apparatus according to claim9, wherein the¢ MTE dg.sl‘)efween
which the d ul ated are successive ¢dd or even fiel ds!
11. The appHmﬂwanHﬂmﬂmt o claim 10, wherein the}me@gNMonIl cul ating
i ncl udes neans ¢ort ceunsing the fields of the inpuf s$ignal such thet upon
reaching a predeterm ned count the diff® ence between™The TWo fields!is
cal cul at ed.; S | e L.gr
representi ngput %ﬁglg ﬁ?égv\ﬁ ‘{1"% E%‘?%@%eggl ﬁi%%p 'Sﬁrggfig r}ﬁ# fFames
such that &hdwdr éé@gctfp\re spegid viieor shetdest apguragats fapmeamd one even

field, theiprocessRe igmah qbt ehee@xeﬁe@e&ﬁﬁhbag iavhedungaaieliel d froman
i nput si gnal generated accordin oa 3: uII-doSP ocess. where each
artglpfe é%E‘e

respective redufdant ¥iel3PREE REePER ki VTSR s thEy
converti ng@r@atelte&mheaur prbcéﬁsiﬁgarmyef@tmﬁé Urleﬁzl\iidBEOanbYeﬁQHHh_ﬁgng t he
odd and even fli—ﬁ- ? formthe resc&ectlve frame suc g the r dundant
fieldis ePPREALEER f FOM t PRITADUCTIRYETS I, | 5re88?8 nfded
invalid fraperattiont he irmputcasigiresd ¢utcianhhanpned@uermlgaél1hva11d

pr ocessi ng 34 @ ittb%th%”tt'hqlxjdy ft]_t;;1 %m?ac%l ;Qek rate as a predeterm ned clock
rate of thé i nput signal, i ng suppl emental data to the out put

si gnal , wherein%-he ?@ﬂﬂQﬁﬁﬁﬁ%ﬂuﬁkﬁ%F¢¥QﬁQ@e§°aCﬂﬁﬂ@tQHEﬁP¢¥ﬁl%p§bey|ng

whet her t hgcadd i) didt eceties hheeauaBahtelfd did tdngrasarcthegnér age of

the 1nput 5903l 3,5°50nd: Ehag.eL 3RRGLEN Q. unglle, the rsspective frame

fields or tsHgmalfields, and a third flag for specifying mhether a current
e o ol he oulpyl Tl Updiadle o BLEASLEL Lo, 2y pg?i d

apparatus conprisi'ng: or “Sep ar %Jef pr ocessred SI gnal
t he two fields between which the dlfferenc%r}s calculated are

-

successive odd or even fields.

11. The apparatus according to claim 10, wherein the
means for calculating includes means for counting the fields
of the input signal such that upon reaching a predetermined
count the difference between the two fields is calculated.

12. An apparatus for restoring a processed signal
representing a wmoving picture which is divided into a
plurality of £frames such that each respective frame 1is
formed of one odd field and one even field, the processed
signal obtained by detecting a redundant field from an
input signal generated according to a 3:2 pull-down process-
where each respective redundant field is repeated after two
respective frames for converting. a motion picture film to
amoving pictures video, by combining the odd and even fields
to form the respective frames such that the redundant field
is eliminated from the input signal, by inserting a
predetermined invalid frame into the input signal to obtain
an output signal for processing at a substantially the same
clock rate as a predetermined clock rate of the input
signal, and by adding supplemental data to the output
signal, wherein the supplemental data includes a first flag
for specifying whether the odd field precedes the even field
in the respective frame of the input signal, a second flag
for specifying whether the respective frame of the input



suppl ement al data which indicates which of the respective odd and even

fields had | rn1the respective frames and further
i ndi cat es \Aﬂmmﬂm‘“‘mm“ I% ned invalid frane has been inserted,
means for removiingithe psedetermined invalid frame fromthe processed
si gnal based on the suppl enental data; 5nd means for repeating a

respective fl K] 5pn§agnere& seedh gL Rl 1fle od ihds f GOm Whi £, khe

pr edet erm ne I nva rane een renove or gener atl ng the re aﬂdant
field, mmeﬁéﬁyspﬁ§1§Wé@esybet§ﬁ§nalcugrgnbsfaﬂmﬁa@fythﬁeoggm@taglghelunput

5|gnal is the predetermined invalid frame, said apparatus

comprising:

means for separating from the processed signal the
supplemental data which indicates which of the respective
odd and even fields had been combined to form the respective
frames and further indicates where the predetermined invalid
frame has been inserted;

means for removing the predetermined invalid frame from
the processed signal based on the supplemental data; and

means for repeating a respective field in the processed
signal at portion from which the predetermined invalid frame
had been removed for generating the redugggnt field, whereby
the processed signal is substantially the same as the input

signal.
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