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Recordi ng Me d Pi-@fure Slgnal Decodi ng net hod and Appar at us
BACKGRCUNB‘ FE | NVENTT'ON-This invention relates to a picture signal
encodl‘%;nethod ‘and apparatus ~appl i ed io encodi ng for recording or

t ranspissiion of foving picture s™gnal s, a skgnal recordi ng nedium havi ng

t he~€ncoded pi¢tture signals recorded thereon, and a picture signal decoding

~fret hrod an@; ggaogthEfQNVdﬁwmdNng the encoded picture S|gnals In a system
. for transn11t|ﬂg inovi.ng picture signals to renote pl aces, - in a

.teIeconfemﬁm¢anawsﬁenadrEmobduqslaﬁtmohepMGnéppﬂﬂﬁﬁﬂsd|Sﬂ£ﬂ§%r%ﬁ%ﬁqQ*P&w
I nter-frane. correlatlon of picture signals is enployed for conpression
encodlng‘Mbdpmmt@pd-ngﬁarg Signed PeeoddnggmeblPAgepdchBPeratfials on a
recordi ng nedlun1 such as a_nmgnet o-optical disc or a magnetic tape, and
reproduci HgBRERS, JHE SNYPNTIQ dlsplay on a display unit, line

correl . gpeggpggﬁgpfgggggﬁgo;a?aet ,00,%% PLELUE SIENE Sehodlhd dStIE"

and apparatus, applied to encoding for recording or transm1ss1on - T

of moving picture s1gnals, a signal recordlng medlum having’ the
encoded picture signals recorded thereon, and a picture- 51gna1
decoding method and apparatus for decoding the encoded_pioture
signals.

In a eystem for transmitting moving picture signals to
remote places, as dnf a teleconference system or televisioo
telephone s&stem, line correletion or inter—frameicorrelation
of picture signals is employed for compression:encoding of
'plcture 51gna1s When recording moving picture signals on a
recordlng medlum, such as a magneto optical disc or a magnetlc
tape, and reproducing the recorded signals for d1sp1ay on a
display'unif, line correlafion or. inter—frame correlation of
picture .eignals is utilized for h1gh—eff1c1ency compreSS1on
encoding of picpure s;gnals for 1mprov1ng . the recordlng'
efficiency on the recording medium. |

That ie, if desired to record the digital video signals of
.an-extremelr large information volume on a recording medium of
small sizé and small recording capacxty for prolonged record1ng.

time, means need to be prov1ded for high efficiency encodlng and
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encodivng  of - icture jgnals for inproving the recording efficiency
. on thp\rggor g nmediun@ That is, if desired to record the digital video
signalsﬁgf an extrenely large information volune on a recordi ng nmedi um of
snmal | sige and smal | recording capacityzfor prol onged recording tine, means
_ need:ﬁé“be provi ded for high.efficiency encodi ng and 2 recordi ng of
vi deo signals and for high efficiency decoding of the read-out signals.
Thus a hi gbeet@ingentyvedeodsagnayst amd evenplighi ed fiy iznkyvidegodiicEuad
Expert Goup (MPEG system exploiting the correlation of video signals,
has been pheposed-6ut ségpendi.ng Thust lacdd ghegfifriciemcy. emcgdinghd¥stem,
prior-art exanple of the systemconfiguration for encoding and decoding
movi ng pi exemplifgndl $yust ndlavieaiER tyre eBXPERL FiGROMP MPEED g ke e
supplied froma video tape . . L
exploiting the correlation of video signals, has been proposed
for responding to these requirements.

Fig.l shows a prior—art'example of the system configuration
for encoding and decoding mbving picture signals using the MPEG
system.

In Fig.1, a field 'pictufe supplied from a video tépe
recorder (VTR) 151 is converted by alscgn converter 152 intp a
frame picfure which is encoded by an encoder 153. With the MPEG

Lo e ' .
system, inter—-frame differences are found of the video signals
for lowering redundancy along the time axis. SubSequently,
orthogonal transform techniques, such as discrete cosine
transform (DCT), are employed'for lowering-redundancy along the
spatial axis, thereby‘efficiently éncoding video signals. The
encoded information may be recorded on a recording medium 154.

For reproducing a recording medium, having recorded thereon
high—-efficiency encoded signals, reproduced signals are processed
by a;.decoding_' unit 155 by, for .example, inverse orthogonal
‘transform, for deciding a frame ﬁicture, which is then converted
by a scan converter 156 for display on a monitor 157.

It is assumed that a film'pictﬁre, obtained from a film

picturé, by a tele-cine technique using so-called 2-2 pull-down,

is supplied from a VTR 151.



recorder (VTR) 151 is converted by a scan converter 152 into a frame
picture which is encoded by an encoder 153, Wth the MPEG system
inter~frame differences are found of the video signals for |owering
redundangy along the time axis. - Subseguent |y, orthogonal transform
~techr{ques, such as discrete cosine transform (DCT), are enployed for
| oweri ng. redundancy al ong the spatial axis, thereby efficiently encodin
vi deo si gnal s. Th#h2z—-2rmewklecdowr drarat tedemaynpet ¢ eboi aed TRt N3 EeDIHiURP
medi um 154. For reproducing a recording nmedium having recorded ther eztjlgl
hi gh- ef f i éhesry erictrR: B &TRiRl ure TiqpmRTReST sSogRs £ 1dMeP hrbLEes ety
decoding unit 155 by, for exanple,. inverse orthogonal transfor s for
deci di ng &rpmgmeesrerared wAkh P& fHeld ReR eI Dy 114830 E380& ' Cer The
for d‘isplayonarmnitr]t[qé-ltis ssuned that,a_ fi i(e,ur obtsyed
: : ' - 18O (FUY
froma fi PRCRFERUFE, wl}?’;ha i es-%l‘ha_elfee‘ihgﬁﬁﬁ% ﬁé?ﬁﬁng‘%%glﬁ d gf (PALY
pulljdownsyg%e%gpp%h§g ngghg XEES}Q%S iq reading out each piqture frame
of a film in two vidéo fields by interlaced scanning.
-Since the two fields'thus read out are read out from the
same picture frame, the two fields converted into a frame
_“structure may be handled as a non—interlaced frame. That'is,
this frame is équivalent to a frame obtained by reading out a
picture film of a film with a video frame by non-interlaced
: R :
scanning.

In general, a non—interlaced frame is higher in line—to-line
correlation in the vertical direction than the interlaced frame
and hence is higher in redundancy and frame éncoding efficiency
‘than a interlaced frame.

If 2:2 pull-down is performed regularly for the totality of
the picture frames of the film, the frames entering an:encoder
3 are necessarily non-interlaced frames, so -thaﬁ the frame
encoding efficiency is high and hence no problem.is presented.

" If, with the conventional encoding system, a picture string
converted from the non—inferlaced_ picture by the so—called
telecine operation by interlaced pictures is processed such as

by'editing, the encoding efficiency tends to be lowered. That

is, if video signals, containing irregular 2:2 pull-down patterns



The 2-2 pull-down is a tele-cine technique extensively used in converting
" 24-picture-frame-per-second filmpictures into 25- frane-per-second or
50-fiel d-per-second video signals in accordance with the so-call ed phase
alternatgon by line (PAL) system This éystem consists in reading out each
picture frame of a filmin two video fiéelds by interlaced scanning. Since
the two fields thus read out are read out fromthe sane picture frane,
the two diiéealdsubargrdmd priorleesiagf sank &4 riotld eedvighyi e, lenedisaighpdd ed
non-interlaced frame. That is, this frane is equivalent to a frame
obt ai ned Byome&biendTHut 151 pi ther & rfainiem eiter ing nthpt kngodiedect §3 ake Byt
non-interlaced scanning. In general, a non-interlaced frane.is hi ﬂhe-r i n
li ne-to- | heeegdrrilut i bhei nneAcinteriaarddi FeaBfon ERantPRd i nFéfFfacdde
frame and hence is higher in redundancy and franme encodi n19 gffigi'ency itshan
a interl ag@BVERhARNAFf SUSOFEH|.- doblte | s TBBPPor FREOPERNE ar FET 15 P RE
totality of .the pjcture franes fhe fi t he fir MBSy eLLpg,ay n'q'%der
3 are necgggﬁﬁf‘fg{’fﬁ%nif’ﬁféfg‘;cegﬁﬂ%ngé,ﬁmsb(')a teﬁ%)tlatqhe ?%ne | nf
Figs.2 and 3. . - '
In Fig.2A, non-interlaced pictures NF, such as picture
frames of a motion picture, are converted by 2:2 pull-down of the
tele—-cine processing into interlaced pictures of, for exémple,
the so-called PAL system. The sequence of the non-interlaced
film pictures shown in Fig.2A is converted by so—called telecine
operations into é_sé@d@nce of interlaced pictures bf_whiqh each
frame begins with a first field (top_ field), as shown in Fig.2B.
That is,'the sequence shown in Fig.2B is a sequence of frames
CF each made up of the first field.Ft and a second field Fb in
this order.’  Conversely, the sequence-of ‘the npn—interlaced
‘picture NF of Fig.2C is converted into a sequence of interlaced
. pictures of which each frame begins;with a second field_(bottom
field), as shown in Fig.2C. That is, the sequence shown in Fig.2D
is a sequence of frames CF each made up of the second field Fb
and the first field Ft in this order.
If these sequences are combined together at edit points Tg»
-Tm, as shown, there is produced an irregular sequence which

disrupts paired fields corresponding to the sequence 6f the non-

interlaced pictures NF in the original picture, as shown in



- encoding efficiency is high and hence no problemis presented. If, wth the
‘conventional encading system a picture string converted fromthe
-non-interlaced picture by the so-called tel ecine operation by interlaced

pi cturesyis processed such as by edlthg, the encoding efficiency tends to
be I quered. That is, if video signals, tontaining irregular 2:2 pull-down
pattérns 4 due to subsequent processing such as field editing, are
suppl i ed FigmEhe VIR fbd, ekhapleanshosat ein ngigh8Eeneodeend 58ipddndy is
necessarily the non-interlaced frame, so that, wth the conventional
- encoder, prQ@ecedréneeCEhtodth@acke¢f|th%n%@lt|E@£ﬁﬁk§§ rably | ower ed.

Thi s mﬁll be expl ained by referring to Figs.2 and 3.

non-i nt er | acedThe cieqeanddr skown By Higt é‘df"reé'r?éslyofafgeﬁﬂt%l ?}ﬁ’epipd‘tc&tué',e are

o ;gdsgzosbggggggggmcgt §0008! Sl 08a B8 WSSl e Ihg Lt prf aped

. The irregular sequence shown in Fig.ZE is encoded_during
encoding as frames of combined rectangular frames CP as~showg in
Fié.3A. If the ffame encoded.corresponds.to the combination CP1
constituting tﬁe non—-interlaced ffame of the.éombination CP1 of
the 6riginal'picture, the encoding efficiency is high, as shown
in Fig.3B. Convérsely, with the combina.t..ion'CPz other than the
correct comb1nat1on of the non—1nter1aced.p1cture NF, the picture
contains strong h1ghrfrequency components in 1ts edge portion,
as. shown in Fig.3C, despite the fact that the original picture

s. .the nén—interlaced picture, thus lowering the- encoding
efficiency. In Figs.3B ‘and Sd, the encoding 'efficiency is
lowered in the case of a picture representing a true circle
shifted transversely in the transverse direction.

As é techniqﬁe for effiéiently encoding é picture produced
by tele?cine processing as déscribed above, tﬁere has hitherto
been proposed a method consisting of removing repeated fields

. frqm-thef2:3'pu11ed-doﬁn picturesland-subseduently COnstructiqg
the frames so that the input frames will become non-interlaced
frames. However, the lone field not consﬁituting.the non-
interlaced frame, produced by the irregular 2:2 pull-down as

described above, is different from the iterative frame produced



the so-called PAL system The sequence of the non-interlaced filmpictures
shown in Fig.2A is converted by so-called tel eci ne operations ‘into a
- sequence ,of interlaced pictures of which each frane begins with a first
field (tédp field), as shown in Fig.2B. Tgat is, the sequence shown in
Fig.28 is a sequence of frames CF each made up of the first field Ft and ‘a
second field Fb in this order. Conversely, the sequence of the
non-i nt er lkar@d3ppet brdowd, Gindrihgn2€ ithisoraehn srlé rianno ts dpliempiopkd for
interlaced pictures of which each frame begins with a second field (bottom
field), asodivdmg itheripgopdemrhat is, the sequence shown in Fig.2Dis a
sequence of frames CF each made u of the second field Fb and the first
field Ft iQPIBRLS SND SUMMARY Sl JANENS conbi ned together at edit
points TR, g[ as. sho

1’*

d da | whi ch
“disrupts paired®iE9s (\&Agr};égp&‘?&:e%@%lg ;J%g’ sé’d‘&fr?g‘ggglfna‘{%ite engi?m%{”g%ced
pletures Nﬁgﬁ'%ffh fgdéyrgqcéhgéuencoéﬂnéhgwgn'Qn cases wherein moving

pictures to be fncoded suffer from irregular periods of the

paired fields constifuting the'non-interlaced frames or contaie
lone frames not constituting the non—ihterlaqed.frame, as a
result of pnocessing,'éuCh as field editing, of the sequence of
the non—interlaced frémes. Thus it is an object of the present
iqvention-to provide a picture ehcoding method and apparetus
whereby highly effic&ent enceding ‘'may be achieved even 1if
irregular patterns .are pfoduced by editing the string of
interlaced pictures.

It is another object of the present iﬁvention to provide a

"signal recording medium having recorded thereon signals thus
enceded and a picture decoding method and apparatus whereby the
encoded signals may be decoded éfficiently.

According to 'the present invention, & lone field not
constituting a non—interlaced picture in an input éicture signal :
is detected and_remoVed from the in§u£ picture signal. A picture
string of the input picture signale'is eonstituted from a field
sequence freed of the lone field 'and encoded.

According to the present invention, when a first field

sequence obtained on converting a non—interlaced picture in the



5 Fig. 2E. In the exanple showmn in Fig.2E, a lone field Fx is produced
directly at back of the edit point TE. The sequence shown in Fig.2E
adversely-affects the picture encoding efficiency, as now expl ai ned by
.referring to Fig.3. The irregul ar sequence shown in Fig.2E is encoded
during encoding as frames of conbi ned rdct angul ar frames CP as shown in
Fig.3A. |If the frame encoded corresponds to the conbination.CP1 g
"constitutimgut hpiaburéentsdgnaded intaneted tfheldsniieginndneCHiram fhdirst _
original picture, the encoding efficicency is high, as shown in Fig.3B. ,
Conver sel §ieidlt loft hen cdmbierdieiced OPbeber@r anfare t 18€ SO&Cr e%’te{:%nﬁie%éhepﬁﬁ of
"the non-interlaced picture NF, the picture contains strong hi gg-f requency
conponent 8btained @agEPVATIGME a8 SRAFALERTERGESCP IGLUSE 1R hEPE adtPlkat
the original picture is the ngn-interl.aced picture. thus |owerj t.he -

encodi ng EFFFBF%n%’yg.m_"isﬁ r11'ﬁ‘b_%."f?Br}a‘ﬁ&%Cgegﬁgnéﬂgoaf?f& aesf%?ocr}de%gflir&sc’f

| owered ipn the case of .a_picture representid lrcle:shifte :
transversgr‘ﬁ tRE gaf:regng\}é:(r%élé'ediarreegt(foou. e,&ggtaoa%ée{:ﬁ asu% %g%ég? fc?é’ntllsy
-encoding aeghgtgﬁefpéﬂdyﬁgdinput picture signals from which of the first

field or the second field begins -the set of field pictures

corresponding to one'of the.npn—interlaced_pictures, and the
picture stfing of th; input piqture signals is re—cOnsﬁruéted
into a non—interlaced picture string based upon the results of
detection.
Tﬁe detection &s”to from which of the fifst field or the
second field begins the set of field pictures may be. achieved
'by comparing the field correlation of two sets of field pictures
having a pre—set field as a reference'field and by judging a set
having a stronger carrelation as being a field pair cqrresponding
to a regular non—interlaced picture. In ﬁhis case, the
cofrelation of the péired fields is preferably found on the basis
of the correlatiog_bétween an i’th line 6f the first field and
the i’th line of the seéond fieid or from the correlation between
the j’thlline of the second field ad the j+lst filed of the first
field for detecting ‘the lone field on the basis of the
correlation. Also the currént field is preferab;y éheckeq as to
whethef it is the lone field on tﬁe basis of the correlation over

plural fields, that is past and future fields with respect tp the



by tel e-cine processing as described above, there has hitherto been
proposed a net hod consisting o0f renoving repeated fields fromthe 2:3
pul | ed down pictures and subsequently constructing the franes so that the

i nput frames will becone non-interlaced grames. ~ However, the lone field
not gonstituting the non- interlaced franme, produced by the'irregular 2:2
pul | “down as described above, is different fromthe iterative frane :
produced cur@eby 2igl@ul|-down, and hence this technique cannot be enpl oyed
for solving the problem OBJECTS AND SUMVARY OF THE | NVE ICN,In,viqM/of
the foregoi ng, RERBOBE&¥EN(LY nfds: | Bataehi @R e LW of fi'cl L8y IRdiqftdne

encodi ng even .in cases wherej n npvin jctures to be encaded ,suff.er from
i rregul ar YB&rPEGstBE £RE %5iF%ﬂn?}%}%sgb%ﬁ%Y?itﬁqqﬁfﬁﬂﬂgiiﬂ%iﬁﬁeﬁﬁ%ﬂﬂﬁy—

;gages or i%%rétreiia@eldorp]ﬁcft.ru%ge%tlﬂot':[hecoglisétit}ruet IQ@I‘%I&? gfm'thgt %rnlp%q:e%icftruﬁrge’
signal begins with the first field or with the second field and
is outputted fo} controlling the éncoding.

By detecting whether a éet af- ﬁwo field pictures
corresponding to a non—-interlaced piciure begins with the first
field or with the second field, gnd rchonstrgcting the set of
field piétures- during encoding based wupon the results of
detectiqn, encoding may be ach;éved in which the set of two f;eld
pictures correspondihé to the original non—iﬁterl#ced pic;ure

corresponds to a frame for encoding.

BRIEF DESCRIPTION OF THE DRAWINGS

Fié.l is a schematic block diagrhm'showiﬁg an arrangement
.of a conventional moviné picture'encoding/décoding system.

Figs.2A, 2B, 2C, 2D and 2E illustrate generation of an
irregular sequence due'to editing of two series of non-interlaced
.pictures. . _

Figs.3A, 3B and 3C illustrate the }owgfing of the encoding
efficiency by an irregular sequencé pattern.

Fig.4 is a schgmatic block diagram showing .an
encoding/decoding apparatus for ﬁoving picture signals for
illustrating an.embodiment of the present invention.

Fig.5 is a block diagram showing an illustrative example 6f'



result of processing, such as field editing, of the seguence of the
“non-interlaced franmes. Thus it is an object of the present invention to
provide a picture encodi ng nethod and apparatus whereby highly efficient
encodi ng¥ may be achieved even if i rrgegul ar patterns are produced by
editizng the string of interlaced pictures. It is another object of the
presént invention to provide a signal recordi ng medi umhaving recorded

t her eon sighetsibhusnéngetedadndofi ppoeurfd eddsodioty seribit ahin&ppam@nTs
wher eby the encoded signals may be decoded efficiently. According to  the
present invenipend Pactuppe field not.-constituting a non-interlaced

picture in an input picture signal is detectgd_ nd rempved fron1thefdygﬂ_
pi cture signal F1&-Bi ctileskater) &remad si npl ;ﬁa]taﬁfr e2&i ghafsorg Po .

oot o Shobe g, Lo AR RE BN Pl e L S SR P,
convertinqsatﬂgn?kgggrkgg?g.picture in the '

Fig."7 iliustrates signals and flags at various points
contained in a past sequence with respecf to a lone field which
is the second field.

Fig.8 illuétrates signals and flags at various points
coﬁtdined in a future sequence with fespect to a lone field which
is the second field.

Fig.9 . illuétréié% signals and flags at vérious points
contained in a past sequence with-respect tb e lone field which
is the second field. |

Fig.lo is a fléwchart\for illﬁstrating ihé operation of
detection and remdval.of the lone field with an illustrative
embodiment of the present invéntion.

Fig.11 is a flowchart which is a continuation "of the
flowchart of Fig.7. | .

Fig.12 ‘is .a. block dia.grﬁm- showing anbther illustrative .
embodiménf of a circuit for detection #n& removal of a lone
field not constituting a non—interlaced picture.

Fig.13 illﬁstrates an illusfrative example of an algorithm
for'detecting the combination qorréspg?ding to the correct non-

. 4
interlaced picture.



7 input picture signals into two fields beginning froma first field of an
I nterlaced picture and a second field sequence obtained on converting a
non-interlaced picture in the input picture signals into two fields -

begi nning froma second field of the intgetlaced picture are coupled
together, by editing, it is detected fromthe input picture signals from
which of the first field or the second field begins the set of field

pi ctures corredpondidng & ca Wik ai ¢ fwescwion-d it grdnaceitowi g Laresi 1 huslt theive
picture string of the input picture signals is re-constructed into a

non-i nt er lexemp 8 ofurecirennly Hasetktgudringhéheesaimbénatidat eerrespon@ing
detection as to fromwhich of the first field or the second field begins
the set oftq el grRafte Nanmi e rd@siesdy @d c¥pr@onparing the field

correl ation of t_wo_s'_et§1 of field pictures havi n?.a r,e-i(gt_i field as_a
reference fiel & Hrd HFPHgoPALEARRYe RAVFRGEANSE FBHgé?n 28 APPYH £E2Bi ng

?h}c Isel ga'gg cI;r fﬁrg%%%gqggxl,ngrtegovglr ea%uc{ ar_inpr& n- Io@t eg.l aIC()erge ptj_icetlu eby tg-xg.

construction of Fig;9.
Fig.16 shows another example of re—conétitﬁtion of an input
frame for detection, removal and input of a lone field by the
construction of Fig.9. |
Fig.l? illustrates an ekample of an algorithm for judging
the Qmeination of two fields making up a'non—interlgced frame.
Fig.18 is a _fi&@chart for illustrating. the processing
séquence corresponding to the algorithm of Fig.14.
Fig.19 .is a sphématic block diagram of a picture signal
encod;hg apparatus according to the present invention.
| ' Eig.ZO-'illustrates. an irregular patterq ip which <the
-combination of the sequences of non—-interlaced pictures is
_ disrupted. .
Figs.21A, 21B and Zlc-illustrate the operation of detecting
regular'patterns. o
Figs,ZZA;_ZZB, 22C and: 22D illustrate the encoding of
objectionable patterns. '
Fig.23 illustrates an example of interpolating a lone field
by itération of a previous field.

Fig.24 illustrates an example of interpolating a lone field



correlation of the paired fields is preferably found on the basis of the
correlation between an i'th line of the first field and the i'th |line of
the second field or fromthe correlation between'the j'th line of the
second fiteld ad the j+Ist filed of the first field for detecting the
lone . field on the basis of the correl @}on. Also the current field is
preferably checked as to whether it is the lone field on the basis-of the
correl ati @y owairaiwmloff i£lgleeviidial fig@ast and future fields with respect

to the 8 current field. Responsive to the detection output, a flag
I ndi cati ng whethigg. 25hd Idets tofa e dn el Ol yi tatatrioe catamgsiponaf ng gootibeo fron-
I nterlaced picture of the picture string of the input picture signal begins
with the fRicfturfdeld or with the second field and is outputted for
control i ng theFien.CZOESd-i _nsg. Byflocizeéheacr:[ti ng \A@?aﬂg‘rcraginsetthe()fo c;tz\'l\ftiofni % g
pi ctures g is a or g P o
detecting and removing a lone field according ﬁo a modification
of 'the present invention; )

Figs.27A and 27B illustrate signals and flags in various
portions contained in a future sequence with fespect to the lone
field which is the first field. |

| Figs.28A and ZSB.illustrate_signals.and flags in various
portions contained in a past sequence.with respect td the loné
field which is the First field.

Fig.29 illustrates signals aﬁd flags n various portions in
case é flag specifying removal of a lone field is 1 in a further
embodiment of the invention. o

Figs.30A, -30B and 30C illustrate the relation between the
picture type and the method for -designating a -flaé for an
encoder.

Fig.31 shows an eXamp;e of re-constitution of an input.framé
for detection, removal and input of a lone field. |

Fig.32 shows anéther example of re—constitution of an input-
frame for detection; removal and input of a lone field.

Fig.33 illustrates another example of an algorithm for

judging the combination of two fields making up a non—-interlaced

frame.



corresponding to a non-interlaced picture begins with the first field or
with the second field, and re-constructing the set of field pictures during
- encodi'ng based upon the results of detection, encoding may be achieved in
which the& set of two field pictures corresponding to the original
non-igterlaced picture corresponds to a f2zame for encoding. BRIEF

DESCRI PTI ON OF THE DRAW NGS Fi g.1 is a schematic bl ock di agram showi ng an

‘arrangenent of Fige@dvensi cnalf lnercihag tpi £o0r e ldneadiatd/ngecotengp syst €ning
Figs.2A, 2B, 2C, 2D and 2E illustrate generation of an irregular sequence
due to edlaqugirmfe ther ddvel @d gofr itdum- ioft &ilad8@d pi ctures. Figs.3A, 3B and 3C

illustrate the Iomerlng of the encoding efficiency by an irregul ar seguence
pattern. Fig.4Fig-85 pllustpehesi @ Phrbere %t&’g'rtan?lggﬁbvm"dg’ agnflag

- encodi ng/ decodi n apparatus for  nmoving picture signals

i 11 ust r.at i#F o bitient hg eppRdppe it Sthrem FBHW"FFB S°P§e%tb1’6c"k1th

di agram st}ovm rgg an illustrative exarrple of

-Fig.36-i11ustraies a picture output signal and a flag
associated with the encodihg bit stream shown in connection with
Fig.4. . |

Fig.37 illustrates a picture output s1gnal and a ffag_
associated with the encoding bit stream shown: in connect1on with
Fig.b.

Fig.38 illustfét;s a picture oﬁtput signal and a flag
associated with.the encoding bit stream shown in connection with
Fig.6. | |

Fig.39  is a block diagram showing an  illustrative
_construcfioﬁ of a. picture encoding unit. ‘

Figs.40A and 40B illustraté the principle of high~efficiency
eﬁcoding\

-Figé.41A and 41B illﬁstrate picture types for compressing
picture data.‘ :

| Figs.42A and 42B illustraée.tﬁe princiﬁle of encoding moving
picture signals. |

Fig.43 is a block diagram showing examples of const;uction
of a picture signai encoder and decoder according.to the present

invention.



9 detection and renoval of lone fields not constituting.a hon- interlaced
picture. Fig.6 illustrates signals and flags at various points contained in
a future sequence wi'th respect to a lone field which is the first field.
Fig.7 ilkustrates signals and flags at various points contained in a past
sequence with respect to a lone field W3 ch is the second field. Fig.8
illustrates signals and flags at various points contained in a future

sequence W t'h respesd Q. e s itdled opeirelt iioh lfe foemandcbhekdsibingod a
illustrates signals and flags at various points contained in a past
sequence Wéimdespadietdich |ofvecditel o viri ghig st@.he second field. Fig.10 is
a flowhart, for illustrating the operation of detection and renoval of the
| one field mnthFBm 45I1mshrhloub<ilagram shOW1ng an example of construction

of the encoder 18 shown in F1g 40.

Fig.46 illustrates the operation of a prediction sw1tch1ng

~circuit 52 of Fig.42.

Fig.47 illustrates the operation of the switching circuit
55 shown in Fig.42.

Figs;48A, 48B and 48C are Block views showing an example of

.eonstruction of a decoder 31 in Fig.40. -
DETAILED DESCRIPTION OF THE PREFERRED EMBOD IMENTS

Referring to ?h;,drawings, preferred embodiments of the
present invention will be explained in detaii.

Fig.4 schematicaily jllustrates a arrangement of a picture
signal encoding and decoding system for picture signals embodying
the presentlinveﬁtion. -

In this f1gure, ah input mdving pfcﬁure signal S1 ‘is
supplled from, for example, a video tape recorder (VTR) 161, to
‘an’ input terminal 171. This input moving picture signal S1 is
a signal of moving pictures containing lone fields which.do not -
constltute a non—interlaced frame or which are irregular 1n the
perlod of paired fields of the non—1nter1aced frame because of
processing, such as field. editing, performed: on - tpe non-—

interlaced frame sequence (Fig. 2).

The input moving picture signal S1 is’ supp11ed to a non-

=



enbodi ment of the present invention. Fig.11 is a flowchart which is a
continuation of the flowhart of Fig.7. Fig.12 is a bl ock di agram show ng
another illustrative enbodinent of a circuit . for detection and reroval

a lone ffel d not constituting a non-int qryl aced picture. Fig.13 illustrates

an ildustrative exanple of an algorithmfor. detecting the conbination
corresponding to the correct non- interlaced picture. - 10 Fig.14 is a
bl ock ci r cisitte rdiagidafir ainevd erge @i 1t lcistendtti ¥82exqmel sonfinterieogpd fpgme
detecting the conbination corresponding to the correct non-inter|aced
pi cture. Mekel3 iophevig cari texidifpl de tofe tre-tden stdmbinadni g o thputifstngndor

det-ecti on,
Fi g. 9.

renoval and input of a lone field by the con&t{uction
second fields making up the non—-interlaced frame or detects a

lone field not constituting the non—interlaced frame. The lone
field thus detected is controlled so as not to be encoded by a

downstream side encoder 163. This may be achieved by removing

the lone field from the inpuf moving picture signal S1 by the

non—interlaced frame detection circuit 172, as will be explained
sﬁbsequently.

Thé non-interlaced frame detection circuit 172 outputs a
field signal S6 which is converted by a scan converter.162 in the
input seqﬁence intélé frame pictufe to produce frame signals
which,afé provided fo'an encoder 163 which will be explained
later in detail. An encoded bitstream signal §204 from the
encoder 163 is taken out at an output terminal 173 so as to be

provided to and stored in,  for example, a storage medium 164.

An encoded bitstream signal from, for example, the storage

ﬁedium 164, is provided to an input terminal 176 of the decoding
abﬁaratué and thence to a decoder 165 so as to be aecoded into
a frame signa1-206. This frame signal 206 is provided to a scan
converter 166 ‘for being converted into a field signal 8207 which

is provided to an output controller 177 where it becomes an

output moving picture signal S208. This output moving picture

sighal S208 is taken out at an output terminal 178 so as to be

displayed on a monitor 167. These components will be explained

of

of



Fig. 16 shows another exanple of re-constitution of an input frame for
detection, renoval and input of a lone field by the construction of Fig.9.
Fig.17 il]Justrates an exanple of an algorithmfor judging the comnbination

of - two fiel ds making up a .non-interlaced érarre. Fig.18 is a
for 4llustrating the processing sequen&

| owchart

corresponding to the algorithm

of Fig.14. Fig.19 is a schematic block diagram of a picture signal encoding
appar at us iacdertdiilg subseheeptégent invention. Fig.20 illustrates an

irregular pattern in which the conbination -of t he sequences of

non-i nt er | aced Tiiectaandsi gurati iqnipoéd.tiE gaoiintonmeed fremel IQ%Q&%R@Q he -
operation of detecting regular patterns. Figs.22A 22B,  22C and 22D
i.l lustrat élqch@teﬁgédpﬁgFle4®bF88fF5HaBF1efﬁ§t FEF%“WQ“ obon¢ | {8 ydytand an

exanpl e of nt er pol 3’“ nggﬁﬁl one field %é eratiaqn & ﬂvgﬁgw ous f el d.

Fig.24 ill

.exp a1ned

Phseguent FBEokhE n‘?%‘?‘b \ Jr?d‘eafPS

by referring to_F1g.5.

To an input terminal 200 of Fig.5 is supplied'the input
moVing picture signal S1 of Fig.4 SO as to be.sequentially stored
in field mémories 201 to 203. Thus, when the current field is
stored in the memory 202, a past field and a future field are
stored in the memories 201, 203, respectively. An adder 204

calculates the pixel—by—pixel-differénCe between the past field

. P 4 .
signal S301 and the current field signal sS302 to find a

difference signal 8304. The absolute valﬁe of the difference
value signal 8504 is found by an absolute'value circuit 206 and
a field-based sum of the -absolute valﬁes of each field is
calculated by a sum circuit 208. Similarly, -an adder 205 finds

a difference value between.the future-field signal S303 and the

'current field signal S302 on the ﬁixel basis to find a difference

signal S305. The absolute value of the difference value signal
5305 is found by an absolute value circuit 207 .and a field-based

sum of the absolute values of each field are calculated by a sum

. circuit 209. The sum signals S308 and S309 are entered to a

.cbmparaior 201 which compares the magnitudes of the signals S308,

S309 to each other and outputs the result to a flag S2. The

value of the flag S2 is



by iteration of a previous field. Fig.25 illustrates an illustrative
exanpl e of a group-of- picture. Fig.26-is a flowhart for illustrating the
operat'i on, of detecting and renoving a lone field according to a
nodi fi cat'ion of the present invention. Fi s.27A and 27B illustrate signals
and fdags in various portions .contained Th a future sequence with respect
to the lone field which is the first field. Figs.28A and 28B illustrate
signals and fl &§s=i & ¥ari §898p3dr 6B6Asandnt ai ned i n a past sequence with
respect to the:lone field which is the first field. Fig.29 illustrates
signal s and f| 8s=nOv&pPro8808ort S8A8-in case a flag specifying removal of a
lone field is 1. in.a further enbodi nent of the invention. Figs.36A -30B and
30C i | | ustrat e 1fn82r % a2 90m! R ieeri tt fgdicates that the current field is

corrélated more strongly with the future fiéld, whereas, if 82
'is equal told, it specifies fhat the current field is correlatéd
more strongly with the past field. The values of S2 up td past
two fields are stored in delay circuits,Zfl and 212.

Figé.e to 9_show an example of caléulgtions of the flag S2
for an actual input moving picture signal S1. In ‘Figs.8 and 9,
upber case letters and lowér case letters specify the first field
(top_ field) and.the second field (bottom_'fieldi, respectively.
A.non—intérlacéd fraﬁefis'constituted by the same upper and lower
case letters. The symbol "?" stands for a lone field not
constituting a non~interlaced frame. It is seen from Figs.6 to
9 that, if a non-interlaced frame is converted iqto two fields
beginning ffom'thé first field (top_. field) of?an interlaced
frame, such as shown at |A a| in Fig.s, the_first'field (top
field)'is correlated more strongly with ;he future secohd field
(bottom_ field){ so that the flag S2 is 1. On the other hand,
the second field (bottom_ field) is corrélated,more'étrongly with
the past second field (bottom_ field), so that.the flag 82 is 0.
If a non-interlaced ffame'is cdnvérted into two fields beginning
from;the second field (bottom_ fiéld) of an interlaced ffame,
such as shown at d|D in Fig.s, tﬁe #econd field (bottom_ field)

is correlated more strongly with the future first field (top



pi cture type and the -nmethod for designating a flag for an encoder. Fig.31
shows an exanple of re-constitution of an input franme for detection,

removal and input of a lone field. Fig.32 shows another exanple of
re-consti%tution of an i nput franme for de;zctlon removal and input of a
‘lone field. Fig.33 illustrates another npl e of an algorithmfor judging
'the conbination of two fields making up a non-interlaced frane. 12

Fi g.34 isfie¥dowsieatthatf dhe iflllagsSRatisnd - tGe bh@c@bb?hgh%’éﬁueh’é’é fobrsthe

al gorithmof Fig,30. Fi illustrates pi cture output- sign and a
flag associ =l (9Pt I"lgeéﬁéodlsngc%ﬁ"fe%‘%?%‘bn‘i‘%ﬁ%mﬁ@ﬁ“égﬁné’dﬁ%or?% tpast

Fig.3. Fi gs 3c6or|1cl liu lrcfit ottonPI Cftluerl%) ,OUt p'ghail e fl%.réd S% filsa%.

The flag S2 at a lone field "?" is explained. Since the
1one field in Figs.6 and 8.is contained in sohe future-sequenée,
the.fIAg 82 is set to 1, whereas, in Figs.7 and 9, the lone_field
is contained in some past‘sequence, so that the flag S2 is set
to 0. |

The lone field is detected by a control circuit 215 shown
ih Fig.5 based upon the flag S2. The detected ldne field is
remqved by a field removing unit 218 from the input moving

.picture signal S1. ‘ _ |

The flowchart of the algorithm is showﬁ in Figs.10 and 11,
where fp represents the field time as f:om the inputting of the
field of the input moving picture signal and incrementation of
the fiéld £ime fp denotes that the time of the.signal S1 advances
towards future. For e#ampie, fp.= fp + 2 denotes that the time
of the siénal.SI has advanced two fields toﬁards future, that is
that the inputting of SI_is.aavanced'by two fields. The suffixes
such as [fp] to S2 denoie the field tim;. .

A signalns3.becomes 1 at a field time when a lone field not
constituting the non~interlaced frame is detected.

The parity of the curfeﬁt field at time fp is reflected in
a signal 84, which becomes 1 and 0 for the first field (top

fieid) and. for the second field (bottom__ field), respectively.



associ ated with the encoding bit stream shown in connection with Fig. 4.
Fig.37 illustrates a picture output signal and a flag associated with
the encoding bit stream shown in connection with Fig.5. Fig.38 illustrates
a.picture output signal and a flag ass_oc;lgt ed with the encoding bit stream
shown.in connection with Fig.6. Fig.39 a block diagram showi.ng an
illustrative construction of a picture encoding unit. Figs.40A and 40B
il lustrate thefprit&net eSof i gh- Eleecisene) fEAREdithet A gdiglA dvs Aeen
A B £ YRR b0 (SOIRI RS ALSLM 8 I3k (s Ryt 188,
S h oSS 10N A, 5,0, TRVRHDUR b8 52 Bufibyt o onal encoce
The signal S5 may be thought of as a flag specifying which
of proximate two past fields dr prqximate two future fields are
correlated more strongly with.the removed field. The signal S5
"~ is i for the two field showing stronger correlation. The two ‘past
and.future fields neighboring to the removed field constitute
encoded frames..

The signai S4 may be-thought of as a- flag specifying which
of the first field (top_ fieid) or:the'seéond field (bottom
fiéld) of the encoded frame is to be displayédi-first when
decoding and reproducing the encoded frame.

'Referring to the flow chart of Fiés.lo and 11, the operatioﬁ
of the lone field getectipn is explained. _

At a fifst step-301 of Fig.l10, the field tiﬁe fp of the
signal s1 is set to 1 (fp = 1).

At step 302, the parity of the field of time fp
discriminates whether or not the field is the first fieid (top
field). If the result of detection at step 302 is YES, that is
if the parity‘of the fiela.is'top__field, processing transfefs
to‘step 305 via node 303. If the result is NO, processing

| transfers to step 316 via_qode 304.

At a step 305, it is discriminated whether or not the flag

82 [fp + 2] two fields towards futupe-is 1. If the result is



13 Fig.44 illustrates the operation of fornat conversion of a fornat
conversion circuit 17 in Fig.40. Fig.45 is a block diagram showi ng an
exanpl e of construction of the encoder 18 shown in Fig.40. Fig.46
illustrates the operation of a predictiq switching circuit 52 of Fig.42.
Fig.47 illustrates the operation of the™switching circuit 55,6shown in
Fig.42. Figs.48A, 48B and 48C are bl ock views showi ng an exanpl e of .
construct Y&8,otha geocodesiBg tnaRsfess. tOEFLeR Y ORESCR AT Q¥ grwige ., to
PREFERRED EMBODI MENTS Referring to the, draw ngs, preferred enbodi nents of
t he presemteiPnd®®-ion will be explained in detail. Fig.4 schematically

illustrates a arrangenment of a picture signal encodi ng and di system
for picture si@ﬁaﬁ§%8n§8§yiﬁge Eigngr S4 ?fpa ERANES Aifa f P A W

set to i and 0, respectively (S4[fpj = 1 and S5[fp] = 0).
At step 307, the time of the signal S1 is advanced two
. fields (fp = fp + 2), after which processing reverts to step 305
via noﬁe 303. - |

At a step 309, it is discriminated whether or not the flag
s2 [fp + 1] one_field_towards future is 1. If the result is YES,
the processing tranéfers to step.310'and, if otherwise, to step
311. | |

_At step 810, ‘thé field of time fp is a lone field not
constituting a non;interlaced frame. The flag SS[fp] is 1 and
the field of time fp is removed from the signal S1.

At step 8311, the field of time fp + 2 is a lone field not
constituting a non—interlaced frame. The flag S3[fp + 2] is 1
and the field of~time (fp + 2) is removed from the signai 81,

At étep 312, next to tﬁe steps 310 énd 311, fhe flag S4[fﬁ]
and flag S5[fp] are set to 1 (s4 [fp] = 1, 85 [fp] = 1). '

At step 313, the time of S1 is advanced three fields (fp =
fpf+ 3). Processing then feverts to step 316 of fig.8 via node
304. | 3

At step 318, it is judged whether or not the flag S2 [fp +
2] forltwo.field towards future is 1. If the peSult_is.YES,

processing transfers to step 317 and, if‘otherwise, to step'320._



the present.invention. In this figure, an input noving picture signal Sl is
supplied from for exanple, a video tape recorder (VIR) 161, to an input
termnal 171. This input noving picture signal S1 is a signal of noving
plctures'contalnlng | one fields which do not constitute a non-interlaced
frame; or which are irregular in the per|8@ of paired fields of the
non-interl aced frame because of processing, such as field editing,

performed on Athestegn-3iMt etRacErhd rsaTe] SeNuaNCee { Fig. @) . wihEe | tipelt £ bagi ng
picture signal Sl is supplied to a. non- 14 interlaced frame detection
circuit - 179 [Mrl nion-seft erd LS4 rldipd detOgctsisord f@ilr uiod .172 detects the
conbi nation of the first and second fields nmaking up the non-interl aced

- frame or detectAt #eammd%0.clid st jecgsd wheithgrt e neh- theerligred $2ahép

The - Ione field thus detected is controlled so as not to be_encoded by a
.+ 1] one field towards future is 1. If the result is YES,

processing transfers to step 321 and, if otherwise, to step 322.

At step 321, the field of time fp is a lone fieid not
constituting a non-iqterlacedﬂérame. The flag S3[fp] is 1 and
the field of time fp is removed from the s1gna1 Si.

At step 3;2, the field of- t1me fp + 2 is a lone field not_
constituting a non—lnterlaced frame. The flag S3[fp + 2] is 1
and the field of time (fp + 2) is removed from the signal S1.

At step 323, néxf to the steps 321 and 322, the flag S4[fp]
and.flag S5[fp] are set to i (s4 [fp] = 0, 85 [fp] = 1).

At step 324, the time of S1 is advanced three fields (fp =
fp + 3). Processing then reverts to step 305 6f Fig.10 via node
303. | |

In tﬁis manner, the lone fields not constituting the non-
interlaced frames are detected and removed.

In Figs 6 to 9, examples of the flags S3 to 85 and the field
51gna1 S6 from the ione field detection and removal circuit 172
are also shown in addition to the'flag S2.

Referring to Fig.12, a modified circuit of the non-
interlaced frame deteéyion circuit 172 is explained. In Fig.12,
the parts cofresponding to those shown in Fig.5 are denoted by

the same reference numerals.



downst ream si de encoder 163. . This may be achieved by renoving the.l one

field fromthe input noving picture signa

detection circuit 172, as will be explained subsequently. The-
non-interlaced franme det.ection circuit 142 outputs a field signal S6 which
I's converted by a scan converter 162 in the input sequence into a frane

picture to produce franme signals which are provided to an encoder 163 whi
wi || be explal f&d dmt teputh Herminal 200 edcdded 1Bi tist rsdwnm lsiqghalt hes2apyt om
the encoder 163 is taken out at an output termnal 173 so as to_be_ proyvided
to and st AWdNE, PRGtUSRan§i8nad sBdragé nEdBuf 164. TRhS ent b8RYL bi 5t rkdim

i gnal f f . l e, the stor; dium 164, | j ded t [ t
OO Ot AR Gl 5 e Tl ] S8 B0 3 g
ccan comy e £ {ATE, SR ad Wha B i AR ¢ S Lo ret ' BB el
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or ’being coh

_ _ 1 el'd STgha
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picture si gnal S208. T%I'S out put " movi ng picture signal S208 I's taken out
at an out pgife f£l M 448 a?of@l_ﬁuté) fe1d, are stored in the memories 201

and 203, respectively.

The non-interlaced frame calcuiating circuit 224 performs

“calculations as to whether or not, the (n - 1)st field 8321 and

the n’th field S322 represent. the combination of the non-
interiaqed frame, and du£puts'fhe results of calculations 8324
to a comparator 226;' The noh—inﬂerlaced frame calculating
circuit 225 performs calculaﬁions as to whéther or not the n’th
field 8322 and the (n + l)st field 5323 represent the combination
of the 'hon—interlaced frame; and outputs the results of
calculations 8325 to the comparator 226.

Thé algorithm for calculating whether or not two given
fields represent the combination of the noh—interlaced frames by
these’ non-interlaced frame cglculating circuits 224, 225 is
exblained-by referring to Fig.13, in which the algorithm is
represented by the so-called C-langﬁageu

‘ Referring to Fig.13, "F(pixel, line)" represents the value
of the pixel in-a frﬁme constituted by the (n - 1)st field S321
and the n’th field S322 and the v'a.l-ue of the pixel in a frame

constituted by'the n’th field 8322 and the (n + l)sf field S323

S1 by the non-interlaced frane

ch

to
a



di spl ayed on a nonitor 167. These conponents will be expl ai ned 15 in
detail subsequently. The configuration of the non-interlaced frane
detection circuit 172 of Fig.4, configured for detecting a lone field and
" subsequeritly renoving the detected | one flel d, will be explained by
referging to F|g 5. .To an input terni nal22 200 of Fig.5 is supplied the

I nput noving picture signal S1 of Fig.4 so as to be sequentially stored in
field menoin gshe2(da tau 2OBing uissecwihten 22 anid radft, fredpedbiveyed I'hindl
menory 202, a past field and a future field are stored in the nenories 201,
203, respétqflq/feqsy the gquagdeplpedofathelnumien lof Jiinels- by- pi £epmgi trér bace
between the past field signal S301 and the current field signal S302

to find a RYT SNt gnapximpn vaipe Hframen yordiicelor sig& "di f TBeefckh

val ue SIQHPJ 830 aé {gun?lgx 8“ ag 8|% e %%g% %Hﬂ&y'ﬂnﬁﬂ? 9Qd"11ne=1",

represent the first field (top_ field) and the second field
(bottom_ field), réSpectivély. "pix" denotes the count value of
the number of pixels on each line and is counted up to.a maximum
value of “frame__ horizoﬁtaL; size". . The 0’th pixel, that is
"pix=0", begins with the left-most pixel of each line.

The equation & in Fig.13 calculates the ling—to—line
difference “difi" for calculating the correlation between the
i’th lines of the first and second fields. If each field is made
up of'N iines; i assumes part.or all of values from 0 to (N - 1).
On the other hand, the'equation b calculafés the line-to—line
difference "dif2" for calculating the éorrelation between the
j’th line of the second field and.the (j + 1)st line of the first
field. The value of j assumes part or all of the values from O
to (N.— 1). The sum "var" of the absolute values of the line-to-
line differences is calculated, as. shown in-the équation c.

.By, employing the equations a& and b simultaneously,
calculations may be cérried out for'checking if any given two
‘fields represént the combination for.the non—interlaced framé.

- The calculations for the square sum may be employeé in place of

those for the absolute values of the equation g.

The algorithm of Fig.3 may be represented by hardware shown



a field-based sum of the absolute values of each field is calculated by a
sumcircuit 208. Simlarly, an adder 205 finds a difference val ue between

t he future field signal S303 and the current field-signal S302 on the pixel
basis to*find a difference S|gnal S305.__The absol ute val ue of the

di fference value signal S305 is found By an absolute value circuit 207.and

a field-based, sumof the absolute values of each.field are calculated by a

sum ci rcut® B8 1ihe sum signal s S308 and S309 are entered to a conpar.ator

201 which conpares th gtngca)logry 1ﬁucle;,{s’sgfhet gﬁmgl {)@13@Oﬁ,ofsgfg%otlgt%agglggger

and outputs the"re5u a e value of the flag S2 is

=1 for ? 5%919 £ &0h s -b@ﬁvié%!n R0 1H033d% 1liheS2are @@uaulbted, fbt
i ndicates that the current fi I's correlated nore strongly with the
future fighgdigveetsagr, idndSXFy. That is, as for the field set CFj, the
nifferences between the data of respective lines of the first®
field shown by a solid line in Fig.14 and the data of respective
 lines of the ‘second field shown by a broken line and the
‘differences between the dafa of respective lines of the second
field- and tne data.of respective lines.of the first field are
found by subtractors 111, the corresponding_absolute values are
found by an.absolute value circuit l12 and the sum of the
absolute values is foufd b&_an adder 113 for finding the sun Varl
of the absolute values of the differences betneen respective
neighboriné lines. As for.the field set CFZ’ the differences
between ihe data of respective lines of the first field shohn by
a slid line-in Fig.14 and the data of respective lines.of the
-second field.shown.by a broken line and the differences between
the data of respective lines of the second:field' and the data
of resneetive lines of the first field are found by subtractors
121; In addition, the corresponding absolute values are found
by - an absolute value cirecuit 122 and the sum of the absolute
values is found by an adder 123 for finding the sum Var2 of the
absolute values of the differences between respective neighboring
lines. The sums of the absolute values Varl and Var2 are

compared to each other and the smaller sum value is judged to



Is equal to O, it specifies that the current field is correlated nore
strongly with the past field. The values of S2 up to past tw fields are
stored in delay circuits 211 and 212. Figs.6 to 9 show an exanpl e of

cal cul atFons of the flag S2 for an actual input noving picture signal Sl1.
In Fijgs.8 and 9, upper case letters ar’® | oner case letters specify the
first field (top field) and the second field (bottom field reapectlvely
A non- i ntRERRRSANY ridhee P%lceﬁsfi?h@%dCBVP?ﬁE°§8HEgu§BeFQ%1 JTRESE cAQR™
letters. The synbol "?" stands for a_ lone field not nst| utin

non-i nt er%’h‘c’-’e‘ﬂl"fcreéjnefrat"ie i s T IFIA Pf‘?ﬁ %“f’d‘ga % J‘I‘ EMEHhont ?n?gaFaced

[1614) of i FH{ETS LLALET aRE, Hoieirodd SEHolip 5 A & haddd e futtpPe

field (t f | h s | d
JEER R e e e

freld (bOé:wémf' rﬂ% L 3m €O re’cﬁ%egbm@tétwngéy VehP1 6HE6d PRE+ e SLCORElY

field (bottom field so t e flag S2 is 0. [f a non-interlaced frane
i s converpedriepliact¥o vy el BeGhpai Ramf.r ONThAe segomnthe i £bshb (boé t 0aLue

fleld) of an interlaced frane,
circuits 112 122 may be replaced by square circuits.

In the algorithm of F1g.13, the signals S324 and S325 are
outputted by the caleulating circuits- 224 and 225 es calculated
values- "var". The sighals S324, 8325 are provided to the .
-comparator 226 Qhere the magnitu&es of the signals_8324 and S325
are compared to eacHlo%her to output a flag S22 for the result.
The value of the flag S22 is assumed so that, for 8324 < $325,
822 = 0 and, for S324 2 S325, S22 = 1. On the othe? hand, if the
| flag S22 is "1" it specifies that the n’th field is the
comblnatlon of the (n + 1)st field and a non—interlaced frame.
This algorithm takes advantage of the fact,that,'1f any given two
fields correspond to the eombinatioh for a non—interlaced frame,
the line—toeline correlation between two fields is high so that
the sum of the abselute values of the line-to-line differences
becomes small.

Figs.15 and 16 show an example of cal:ulations of the flag:
S22 for an actual input moving picfure signal S1. In Figs.15 and
16, as in the above example shown in Figs.6 to 89, the upper case

letters and lower case letters spec1fy the f1rst f1e1d (top



such as shown at diDin Fig.6, the second fiel'd (bottom_ field) is
correlated nore strongly with the future first field (top 17 field), so
that the flag S2 is 1. On the other hand, the first field (top- field) is
correlatéd nore strongly with the past second field (bottom field), so
that the flag S2 is 0. The flag S2 at a2bone field "?" is explained.

Since the lone field in Figs.6 and 8 is contained in sone future sequence,
the flag $deild)send ahk sdwrmhstidd Fgstfomndfleltihe Irespekitévelys A
contained in sone past sequence, so that the flag S2 is set to 0. The |one
field is a#enedngddrpcadcbnemel isi constiibedhhomwnt her FHme Jipree dnddewere
flag S2.. The detected lone field is renpved by a field renmoving unit 218
fromthe icas8t HOVESRS pi ctThe svghal ST Thtanfiswdedr taoflanfe ARGLAI TRh i s

shown in Fi%§.10 and 11, . )
constituting a non—-interlaced frame.

It is seen from Figs.l15 and 16 that, if a-non—interlaced
frame is éonverted;into two fields beginning:from the first field
(top_ field) of an interlaced frame, such as shown at“lA.a| in
Fig.6, the first field (top__ field) "A" is correlated more
stronglf with'the.futﬁre second field (bottom__ field) “a",lsd
that the flag §22 is 1. On the other hand, the second field
(boftoﬁ_'field) fa; is correlated more strongly with the past
sécond field (bottom_ field) "A", so that the flag S22 is O. If
a non—-interlaced frame is converted into two fields beginning
from the second field (bottom_.fieid) of an iﬁferlaced frame,

'suéh as shown at dlD in Fig.6, the second field (boﬁtom_ field)
"d" is correlatéd more strongly with the future first field (tdb
field) "D", so.that the flag S22 is 1. On the other hand, the
first field (top_.field) "D" is correlated more strongly witﬁ the
past second field (bottom_ field) "d", so that the flag 2 is 0.

The reason the lone fiéld "?" is produced is that field
editing has previously bgeh.carriéd out on the non-intérlaced
frame sequence at each edit time point.

The flag S2 at a lone field "o is exﬁlained. Since the
lone field in Fig.15 i$ contained in some future sequeﬁce, it h;s

strong correlation with the future field, so that the flag S2 is



where fp represents the field tinme as fromthe inputting of the field-of
the i nput noving picture signal and increnentation of the field tinme fp
denot es that'the time of the signal S1 advances towards future. For
exanple, fp = fp + 2 denotes that the thge of the signal Sl has advanced
two fjelds towards future, that is that the inputting of S1 is advanced by
two fields. The suffixes such as [fp] to-S2 denote the field tinme. A signal
S3 beconesek ab a.fi@t dtHd BRhaleRandl otre fidldl Ml aBstbhtbingdt be some
non-interlaced frame is detected. The parity of the current field at tine
fp is reflmcdtedséquenas gneid JHeneki basbetoong toamel@tfion twidH it past d
(top field) and for the second field (bottom field), respectivelY. 18 A
si gnal S5 fieldf sy Whedcitthe fd agh$223 ifsi sled as Obeen renoved since tine fp

until two.fields on the future side of the time fp. The lone field detected
at S3 is rennvggﬂhough Judgment as to the comblnatlon of the non-

interlaced frame_is given on the -basis of the flag S22 ohtputted
from the comparator 226, there are occasions where an iﬁcorrect
value of the flag S22 is outputted. Such incorrect judgment may
be reducéd by storihg séveral values of the flag 8522 time-
sequentially in a memory or register 227 and by giving ultlmate
judgment as to the combination of the non—1nter1aced frame on the
basis of a pattern of an array of plural values of the flag S22.
Aﬁ 'illustratiéé! example _of a method for‘ judging the
combinafion of the non-interlaced frame from the flag S22 is
shdwn in Fig.17, ig which the aigorithm_is shown by the'so—calied
C~language representation.. |
In Fig:17, n specifies thé field time elapsed since the
input of ; field of the input moving pictufe signal S1, while
Siin] and S22[n] specify the flag 822 for Si[n]. If n is
incremented, it specifies that the time of the éignal S§1 proceeds
towards future.  For example, n = n + 2 specifies that the time
of the signal S1 has proceeded tﬁo fields towards.future, that
is th#t the'inputting of S1 has proceeded fwo fields.
In Fig.17, the variable "isTop_ field" reflects a parity of

the field n = 0 as an initial value. Since the field sequence

of the input signal S1 shown in Figé.ls and 16 begins with top



The signal S5 may be thought of as a flag specifying which of proximte two
past fields or proximate two future fields are correlated nore strongly
with the renoved field. The signal S5 is 1 for the two field show ng
stronger correl ation. The two past and futuré fields neighboring to the -
renoved field constitute encoded frames. The signal S4 may be thought of as
a flag specifying which of ‘the first field (top_ field) or the second field

(bottom fiekda, of i dFep enqedad 1fr ag8 §Row® L€ tdieSnlinked i rvig Wen deqedi ng
and reproduci ng the encoded frame. Referring to the flow chart of Figs. 10

and 11, theeopardityorntof fibedl aief irel ds depeceboadi Srexthai nediabhlea tbipr st
step 301 of Fig.10, the field tine fp of the signal S1 is set to 1 (fp =
1). At st é&ped82 fiimstgar)ityitofisheeti ¢bd "df" tiee f'P"difoaritrimat €sehtiephrer
or not the field is the first field (top field). |If the.result of
det ect i onbattemept Bobd| e chivali.s Af venbabhei ropertt el gstel §iieddilogd
field, processing transfers to step 305 via node 303, . If the result is
NO, proce§§iﬁgf1ag specifying removal .-of the long variable. The variable
pattern[n] is used for controlling an output of a picture output
controller 228 of Fig.12. .

If the AND condition from line 7 to line 10 of Fig.17 is
met, removal of the lone field is commaﬁded, with_repeat_ first
field[n] being 1. The variable top; first_ field(n] is set in
accordance with the value'of "iéTop_ field“. The next_check is
carried out fhree fiéfds 1até;, as n=n+3 at line 29 ‘indicates.
Thus the value of "isTop. field" is invé?ted so that it operateé
as a parity for the'hext check field,.as Iine 18 And line 26
indicate.

| If the'above AND cphdition is hot hét; the.previous state
of the variable persists. The next check is performed two fields
Iater, as line 39 indicates... |
| Fig;18 shows an algorithm corresponding to the algorithm of
Fig.17.

In Fig.18, the conditions CND, to.CND; of Fig.17 correspond
to'-fespective decision steps CND; to' CND; of Fig.18. The
remaining steps of Fig.ié specify the setting of the variables
n, "isTop_ field", top_ firsf_ field[n], repeat_ first; field[n]

and pattern[n].



transfers to step 316 via node 304. At a step 305, it- is discrimnnated
whet her or not the flag S2 [fp + 2] two fields towards future is 1. |If the
result is 19 YES, the processing transfers to step 306 and, if
otherwi se, to step 309. At step 306, the_signal S4 [fp] and the signal S5
[fp] are set to 1 and O, respectively (SA[fp] = 1 and S5[fp] = 0). At step
307, the time of the signal Sl is advanced two fields (fp = fp + 2), after
whi ch processi dg reeesiptle bd Stieywl i35 twipa Modest30Ficdtdm bt el ifirst
di scrim nated whether or not the flag S2 [fp + 1] one field towards future
is 1. |f thelddall endspyEsernhel pfocddw rigrutandiesed £4 shepn3im Bigs. 19
otherwise, to step 311. At step 310, the field of tinme fp_is a lone field
not and 16 in accordance with the algorithm shown in Figs.15 and 16
is now explained. in Figs.ls and 16, S24 and 525 specify top
first_ field[n] and repeat_ first_ field[n], respectively.
The process in which a picture output controller 228 of
Fig.1l2 controls. a picture output of a delay unit 229 to output
a signal S26 is explained.: The delay unit 229 is a-mehory for
storing fields on the future side with respect to the (n + 1)st
field and is able to. output a field picture with a specified
delay from a picture output_controller 228. In the example of -
Figs.15 and 16, a 7—fié1d memory is required. A frame memory may
. be employed for'constituting the delay unit 229 and the field .
memories 202 to 203.. |
The picture'outpu£ S26 is outputted as shown in (1) to (6)
below on the basis of a variable "pattern". Specified examples
are shown in Figs.15 and 16. |
(1) For pattern = 1
Two fields of a field signal 8104; delayed by four frames
from Sl,.are outputted sequentially.
(2) For pattern = 2
A signal 8103, delayed three frames from S1, is outputted.
A signal S104 and two invalid fields |--| are then outputted in

this order.

(3) For pattern = 3



constituting a non-interlaced franme. The flag S3[fp] is 1 and the field of
time fp is renoved fromthe signal S1. At step S311, the field of tine fp +
2is alone field not constituting a non-interlaced frame. The flag S3[fp
+ 2] is Y and.the field of tinme (fp + 2% is renoved fromthe signal S1. At
step 312, next to the steps 310 and 3112%the flag S4[fp] and fl.ag S5[fp]
are set to 1 (4 [fp] =1, S5 [fpl =1). At step 313, the tine of S1 is .
advanced threeTWpeEdsléﬁpof fher B)gna IProts simg th@nlnevéﬁﬂsfu91§§epP316
of fig.8 via node 304. At step 316, it is Judged whet her or not the flag 82
[fp + 2] PBFPukbed; éndthémapBdefuture is 1.0 If the result is YES,
' proceSS|n? hransfers to steg 317 and, if otherw se, to step 320. 20 At
step 317, ‘#RheFPFaB28heFRpT s set to 0, while the flag S5 [fp) is set to O

'(34 [fp] 0, §Ss£ggll SfB4_1s outputted, and a signal S105, delayed five
frames from the siénal S1, is then ou#putted.
(5) For pattern = 5

Two fields of a signal S104 are oqtputted sequentially.
(6) For pattern = 6 |

A signal S104 and a signal SiOS are outputted sequéntially.

The invalid field is such a field entered to the next stagg
encoder but not proéessed effectively. The ;nvaiid Signﬁl is
specified by a symbol’ "-". In Figs.1l5 and 16, frame delay
amounts of the output“SZS relative to the input signal S1 aré
shown.

The example of Figs.15 and 16 indicate that, as compared to
the input 81, the outpﬁt S26 is freed of the -lone field "°?",
while the first field and the second fiéld making up a non-
interlaced ffame are changed to an interlaced frame in which the
first field is entefed_first. By insertihg the invalid frame,
the ffame peridd of_SZS_is locked with ;espect to the frame
period of the input 81.° Tﬁus the downstre;m side encoder is able
to be locked in operation with respect to the frame period of the
input S1.

Refepring again té Fig;4,_the field signal 82, outﬁutted by

the non-interlaced frame detection unit 172, is converted by the



At step 320, it is judged whether or not the signal S2 [fp + 1] one field
towards future is 1. |If the result is YES, the processing transfers to
step 321 and, if otherwise, to step 322. At step 321, the field of tine fp
is aloné field not constituting a non- %&terlaced franme. .The flag S3[fp]
iIs 1 and the field of tinme fp is renoved fromthe signal S1. At step 322,
the field.of time fp + 2 is a lone field not constituting a non- |nterlaced
frane. Thean @9nS8rfter+ 18R iim khendrdfe fdegjuibnefe tinte (4 pfra® psctwrmyved
fromthe signal S1. At step 323, next to the steps 321 and 322, the flag
SA[fp] andrf thg €5phplecot Figs 1o n@Sa6pfh| " oD SZ§5$[t.p:p S—fQ}‘ the %‘f%’?ﬁ
324, the time of S1 is advanced three fields (fp fp + . Processi t hen

reverts tdosn&aryos Jhusi 10 sviseeroddedoR ﬁ?ﬁ"l%l%l“fﬁ‘fﬁ‘%rlst?\%n?ﬁh u'f‘?%l ds
‘not constituting the non- interlaced_franes pixﬁ%e%ﬁt ected and r enove

Figs.6 to8 ®xafpresvet ofe ¥Wugdigddso oz RLARS dug?ﬁnalhe%a ¢ ?’n

the lone field detectlon and reanaI circuit 172 are also shown in addition
to the fl &

Thg 'inpﬁt frame 8203, associated flags 824 (fop__ first
field[n]) and (repeat_ first field[n]) and an inyalid frame flag
are entered to an encoder 163. .The flags S24 (top__ first
field[n])-aﬁd (repeat__ first_ field[n]) can be encoded using
flags of the same name as defined in MPEG2. The encoder ddes not
effectively process an input frame for which an.invalid'frame
flag has been set.'lfhe detailed structure ﬁf the encoder 163
will be explained subsequently.

An encoded bitstream S204 is supplied to the recording
medium 164. In the above—descr1bed embodlment the algorlthm for

' judging the combination of the non-interlaced frame shown in
Fig.23 1is constructed u;ing a pattern of array of seven S22
signals S2[n] f.SZ[n+6]. However, a pattern of array of a larger
number of signals S22 may be employed for further reducing the
risk of.giving mistaken judgmenf of the non—intérlaced frames.
Converéely, a pétteqn of array of a smaller number pf signals S22

_ may be employed for reducing the frame delay amount of the output
826 at the cost of the incfeased possibility of giving mistakgn
judgment of the non—interlaced frames.

Referring to Fig.19, a modified embodiment of the picture



Referring to Fig.12, a nodified circuit of the non- interlaced frane
detection circuit 172 is explained. In Fig.12, the parts corresponding to
those shown in Fig.5 are denoted by the sane refeéerence nunerals. 21 To
~an input termnal 200 of Fig.12 is supplied the input noving picture .
signa] S1 of Fig. 4. This- signal S31 is sequentially stored in field
menories 201 to 203. Thus, if the current field, such as the n'th field, is
stored in aigEnajespcpdios, apmré'ws ab)estr dfiingg] ¢ o the @reisent pagentiendwi bhd a
(n +1)st field, which is a future field, are stored in the nenories 201
and 203, r%;ﬁ"eﬂ%’é}%ﬂ Hhdetdriint er | aced frarre cal culating circuit 224

perfornms cal cul ations as to whet her or not n - 1)st field S32]1 and
the n'th field %@?2‘ AaBMEsERFmipaL EBW%&&‘I%‘&%f“’[%@“ﬁ&ﬁeq ne&r fGchgput

frane, andpfuélprut S t hgen rlesm ts gfc Sgleculéltl ons cS<)3n2v4erted from the non-

~interlaced pictures NF into plura.l fie.ld sets each made up of two
field plctures, that is fra.mes CF, each beginning with the first
field or top field Ft of an interlaced p1cture, as shown it
Fig.2B, and another picture string converted from the non-
inte.rlaced pictures NF. into plural field sets each. made up of two
field pictures, that is f_ra.n'les CFj, each _beginni_ng with th_e second
field or bottom field Fb of an interlaced picture, as shown in
Fig.ZB. These picture étring_s are linked to each other by editing
as shown in Fig.2D.

The.input picture signal is provided to an irregular pattern
detection ci:rcuit 103, as detection means for a pre—processing
circuit 102, where it is judged whether two f_ieldé corresponding
to one of the non—interlaced pictures begins with the fi_rst field
or with the second field. The. irregular pattern detection signal
and picture data, as output signals of the irregular pattern
detection circuit 103, are provided to a re—constructiné circuit
104 for the non-interla;:ea picture as _re-—constructing means.
This re-constructing circuit 104 reconstructs and outputs a non-
interlaced picture depending upén whe.ther' pa.ired_ field pir_:tures
corresponding to the non—inf_.erla.ced pictures of the picture

string of the input picture sigrials begin with the first field



'to a conparator 226. The non-interlaced frame calculating circuit 225.
performs calculations as to whether or not the n'th field S322 and the (n +
1)st field S323 represent the conbination of the non-interlaced franme, and
outputs the results of calculations S325 to the conparator 226. The

al gorjithm for cal cul ati ng whether or noB2two given fields represent the
conbi nation of the non-interlaced franes by these non-interlaced frane

calcul ati pg whtaUthe 228dend2Piksqexpl ained by referring to Fig.13, in which
the algorithmis represented by the so-called C | anguage. Referring to

Fig.13, "F(pi xgh, ottpe) "s i ESENithet Be-vahserattihg Pixetitnia4ffarethe
consti tut ed by the (n - 1)st field S321 and the n'th field S322 and the
~val ue of nhe-pnkerlaned piatereorist idnavediesly dsheam’ ot puel ¢i8822 afd thee (n
+ 1)st field S323 22 in the calculating circuits 224 and 225,
'respectlv@P? procppﬁeng -circuit to an encoder 105. In the present
mod1f1cat1qn, an encoder for perfdrming cdmpression encoding by
éiploitingliné—to¥1inécbrrélationcn?frame~t6—frame correlation
of picture signals is employed as the encoder 105, while three
sorts of flags picture_ coding_ type, top_ first_ field[n] -and
repeat_ first_ fiéld[n] as later explained are'used,'in addition
to picturg data, as a signal provided from the pre-processing
unit 102 to the encoder 105. The encoder 105 generates encoded
data in accordance with these flags and outputs the generated
data at an output terminal 106. An illustrati#e example of the
encoder 105 will be explained subsequently.
First, the manner of detécting'paired fields or a frame
constituting a gérrect non—interlaced picture by the irregular’
'pattern detection circuit 103 as detéction means of the pre—
processing circuit 102 of Fig.19, is explaihed.
.Fig.20'§hows an irfeguiar pattern in which the combination
of sequences of.nqn—interlaced picfureé is disrupted. It is seen
‘that objectionabie sequences SQ1 or SQ2 are produced when a
sequence of paired fields corresponding to a nén;interlaced
picture beginning.fram the fi:st.field Ft and a sequence -of
paired fields (franes) cbrresponding t§ a non;interlaced picture

beginning from the second field Fb are liﬁked together by



.denotes the count value of the nunber of lines of a frame and is count ed up
to a maxi mum value "frame_ vertical _ si ze". The Oth line, -that-
"l'ine=0', : and the first line, that is "line=l", represent. the flrst fleld
(top fi'el d) and the second field (bot 1t{x.o,m field), respectively. "pix"
denotes the count value of the number plxels on each line and is counted
up to a maxi nrum val ue of "frane_ horizontal ' size" The O th pixel, that
i s ' pi x=O'edieifigns with the |eft-nost pi xel of each line. The equatlon ain
Fig.13 calculates the line-to-line difference "difl1l" for calculating the
correl ati on betMesn, tde shavn | imeBigf21he tiwpssedsdoseddred dsi §IFsandf CEach
field is made up of N lines, i assunes part or all of values fromO to (N -
1). On thee@ntriningde tresatat £ém 18, crens in eg t$rReIndhefigle; n%bo: are
difference "dif2" for cal cul atlng the correlation between the j'th |ine_ of
the secondf?7®8%Y afdret (& (9f 4"hf) feldfe BF BhETd4me stis made upnafyy) fitebt
assunes part qof the. valu fromO to .
absol ut e v‘éﬁ"u‘fes"T‘;f*l EHE ST Eéeig ’?fi A&y Bt F&FB%Eegl?l wula&rgaegaén %B?Nﬁ in
the equation.e; B THOYAr HRE o P AN ad AL £Rand, MUK ARGQUSLY.

of a field pair of a second field Fb0 and a first field th. One

of these field sets CF1 or CF, represents a combination

corresponding to the correct non—interlacgd frame, as_indicated

in Figs.21B or 21C.

For Qeﬁecfing the set of fie@ds constituting a frame of a
correct non—interlaaeé pictgre, a detection circuit shown for
example in Fig.l14 may be.employed. |

The method for encoding an objectionable pattefn following
detection of an irregular pattern in case of disruption of the
combination of the non—interlaced sequencés is now explained.

Fig.22A shows an irregular pattern detected as described
above, or the objectiohable sequence SQ. What is objectionable
in eqcoding.the sequence is the lone field Fx shown in Fig.22B.
The lone field Fx is a field generated by editing and-hot having
a countefpart in forming a ndn—interlaced frame. If encoding is
to Be made by exploiting e.g., fraﬁe correlation, this lone field
Fx cannot be encoded. Thus, as shown in Fig.22B, such lone field
Fx is basicélly removed for interpolatiqn using e.g.; forward or

backward side fields.



cal cul ations may be carried out for checking if any given two fields
represent the conbination for the non-interlaced frane. The cal cul ati ons
for the square sum may be enployed in place of those for the absolute

val ues of the equation c. The algorithmof Fig.3 nay be represented by
hard@are shown 23 in Fig.11. Referrigg to Fig.14, the suns Varl, Var2 of
~absolute val ues of the differences between neighboring |ines are.cal cul ated

for field sets,, ' N i S, . f.or ' ; , e

di fferences bé“tl%]eznﬁ{]%eh d’é‘hi a o#hasﬁeesb%cﬁbéegl sl‘%%g yfl?%ﬁ%éfi&? g&f P%deg rSwn
by a soli ' i L O : ag egpecid ig1dddessofnth ¢ead
field sh.on\%]d_éb)r/tfya %%%(%\gnﬁgl ﬁéed%%]%l‘e}t(ﬂgé dif 1?% %a?e?]g’egldbelﬂée%@n ?ﬁe gat gegfg
respecti vigdd Nese 08 e seaqerd déel drandid e dataudbsl esqimdrt Veidd neachf

the first field are found by subtractors 111, the correspondi ng absol ute
~val ues aKﬁEpetitiqn of the previous frame Ft;, is termed CFt;. Such
interpolation may also be made by'repeating a.succeeding field
th in place of the removed'léne field Fx, as shown in Fig.22D.
The set of field pictures, comprising such repetition of the
.succeeding frame th, is termed CFtr Of the sets.of paired
fields corfesponding to the non-interlaced picture, or frames
being encoded, in Figs.22C and 22D, the set of field pictures
beginning from the first field Ffjand_that_beginning from'the_
secoanfield Fb are terﬁed'CFt and.CFb, respectiveiy.

Fig.23 shows an.examﬁle'in.Which the pattern shown "in
Fig.22C i; processed with_mo?ing pictﬁre'encéding using ffame
correlation as later explained. -in.this encoding, the sequencé
of the set of field pictures CF or frames correSponding to this
_non—intérlacéd picture can be encoded using the combination of
two sorts of flags, namely the fiags top_ first; field[n] and
repeat_ first_ field[n].

Of these, the flag top_ first; fieldlﬁ]is 1 or 0 when the
set of field pictures of frame being encoded is the set CFt
.beginning from the first-fiéld Ft or that beginning from the

~second field Fb. |

The repe;t__first_ field[n]is 1 or 0 when the first field

of the set of field'pictures-or frame being encoded is or is not



found by an absolute value circuit 112 and the sum of 'the absol ute val ues
Is found by an adder 113 for finding the sumVarl of the absol ute val ues of
the differences between respective neighboring lines. -As for the field set
CF2. the*differences between the data of respective lines of the first

field shown by a slid line in Fig.14 andgsthe data of respective |ines of
the second field shown by a broken |ine.and the differences between the

data of rgﬁggggkéﬁe%%gﬁgyoéig g% %&gnpe%%figiv@ﬂﬁ.the data of respective

| i nes of are y s ractors 121. . In addition, the

correspondi ng aRael the HRbUHEAL 8 WKL &Y b9Na 8DEOLUL Rg RNET WA 1C Wiall uba2
and the sum of the absolute values i1s found by an adder 123 for finding the

sum Var 2 gholvheiabsokube val vre elagbe differences between respective
. nei ghboring lines. The suns of the absolute values Varl and Var2 are
conpared to eaghgokheshows dmexamileco fsancuding the | paiybern of Fizs 22D.
| In Figs.23_and 24, the two flags top_ first_ field[nl and
B - repeat_ firsf_ field[n] are both i for the sets of the encoding
e . frames or set of field.éictures CFty and CFty, in which the
beginning field is the first field Ft and in which this beginning
field is repeatedly:displayed. It is noted that, in the set of
field pictures CFtB of Fig.24,'in which the backward field Ft, is
repeated, data of fhe first field Ft as the beginning field is
repeated as encodinélégta. |
The're—cohstfucting'circuit for the non—-interlaced picture,-
shown in FigllQ, executés reconstruction of the set of field
pictures or the encoding frame CF, containing picture type
scheduling as explained subsequently, and 6utputs three sorts of
" the flags, namely picture_coding type, top_ first_ field[n]_and
repeaﬂ_ first__ fieid[n]. These flags are provided alpng with
picture data to the ehcoder 105. |
The encoder 105 geperates encoded data by the following
méthod, using the above flags, and outputs the data at an outpﬁt
terminal 1-6. -
| The enéoded‘oﬁtput signals from the 6utput terminal 106 are
recorded on a signal recording medium, such. As an optical

recording medium, for producing a recording medium having



represent the paired fields correspondi ng to the correct non- interlaced
frane. The reason for giving this judgment is that the paired fields of the
correct non-interlaced frame suffers from tshe high frequency conmponents
near theredge to a | esser extent, -The sum of the absolute val ues, enployed
herein, may- be replaced by the square s3& - That is, the absolute value
circdits 112, 122 may be replaced by square circuits. In the algorithm of

Fig. 13, tP@cé R theIh H1Enaddd WD RYthetilRh be iedlenulyakinegddingcui ts
224 and 225 as calculated val ues "var' The signals S324, S325 are

provided to tingt i yHArAidie 236 artiereal tnhﬂ/m’fgrpitdidas ehcbldd ngi gredhe dS824
and S325 are conpared to each other to output a flag S22 for the result. .
The val ueappathtus| agnS2Ping essupedesecuhad, af bprS8pns&rggtingsan framegnd,
~for S324 > S325, S22 = 1. On the other hand, if the flag S22 is "1", it
speci f i esso heliat hen iRt | ftame 9vilHe RRAANN A inemHim terd aced frpae f iedled® and

~a non-interlaced frame. This al gorithmtakes advantage of th%1fact:ghat i f
any gi venifwbhe i ReRiod AF ekl ol thdraloits R e f"g‘r“ sy | eTE

frame, the ! RS tOndd MoriQd S A SN PELetebttal! @15 | Tl 0B 894! i

COnstituting a non—interlaced frame is contained in the. input
mov1ng p1cture, so that hlghly efficient plcture encoding can be
achieved. The above-described method or apparatus is effective
when encoding video s1gnals conta1n1ng an 1rregu1ar 2:2 pull-down
pattern due to proce551_ng, such as 'fleld editing, of v1deo"
signals,_With a frame rate of 25 Hz, produced by 2:2 pull-down
from film pictures.
The use of the MPEG encodlng standard as the encoding

standard is now explalned. .

| W1th the encoding by the MPEG system, each video seqﬁeace
is divided in terms of groups—of—picturas'(GOPs),'that is a group
of frames, such as 12 frames. By the prediction system, each
frame is claasified inta three'types, namely intra—cedéd pictures
or I-pictures, predictively coded picturas or P—pic@ures, in
which motion preaiction is_from past_andxfuture P- dr I—pigtures,
and.bi—directionally coded pictﬁrea or B—pictures{ in which
motion prediction is from past and future P- or I—picﬁures. In
the pfesent embodiment; the flag SS explained in'copnection-with.

Figs.4 to 11 is controlled so as not to be. 1 when encoding an



the sum of the absolute values of the line-to-line differences becones
small. Figs.15 and 16 show an exanple of calculations of the flag S22 for
an actual input noving picture signal S1. In Figs.15 and 16,as in the above
exanple shown in Figs.6 to 9, the upper case letters and | ower case letters
specify the first field (top 25 fiel 87 and the second field (bottom
field), respectively. A non-interlaced frane is constituted by the sane

upper and jlnpeer feame akehtBLpictuFBe SYARS! the Mmetiddnsls cdiirallione £dd el d
not constituting a non-interlaced franme. It is seen fromFigs.15 and 16

that, if aheonenntiatkatedelir demeSdeo8yetibéfdcintoit wrd idd fite fegirom nchd rom
t he first field (top_ field) -of an interlaced frame, such as shown at |A a
_in-Fig.6, method shpwnf ial §ig(topn thiel despeal, akthaugke| thedvworme tBtadngl y

with the future second field (bottom field) "a", so-
are 81m11ar in the remaining respects.

' The algorithm of processing in the non—inferlaced f;ame
‘detection circuit in the.examplé of encoding by the MPEG system
“"is explained by referring to the flowchart of Fig.ZS.-The'signal
S7 specifies the ffame encoding method, and is designated from
a encoding unit 163..The algorithm of Fig.zsldiffers from the
algorithm shown in Figs.10 and 11 in that the condition of the’
._cénditional branching 305 and 316.are ﬁodified to steps S§331 and
§332. Since the aléo?ithm of Fig.26 is otherwise the same as
that shown in Figs.10 and 11, only the quified.portion inclusive
of the sfep 8331, S332.are shown without Showing the remaining
poptions. _ -_ | _
That is, the cpndifidnal branching step 305 of Fié.lO'is
modified as shown at the. -conditional branching step 331 of
Fig.26. At this step 331, it is discriminated whether the flag
forward by two steps S2[fp + 2] is 1 or whether the signal 87
specifies a B-picture. Oh the o6ther hand, the conditional-
branching step 316.of Fig.11 is modified to the.conditional
branching step 332 shown in Fig.26. At this step 332, it is
judged whether the flag forward by two fields S2[fp + 2] is 1 or
" the signal S? indicates a B~picture.

Figs.27A and 27B, showing illustrative examples of signals



that the flag S22 is 1. On the other hand, the second field (bottom
field "a" is correlated nore strongly with the past second field (bottom
field) "A", so that the flag S22 is 0. If a non-interlaced frane' is B
converted into two fields beginning fromthe second field (bottom field)
of an interlaced frame, such as shown a38dID in Fig.6, the second field

- (bottom field) "d" is correlated nore strongly with the future first-field

(top field), "': so that the flag, S22 is_1, ther hanfla it her fLgst
field (t&F° fi'@&H i VRLT s  BY B B, 478 ?Sﬁé??e% Bﬁ’ he past ngfecj(c)%%

fie1d (boim 46l dhy" e Soupliat t0G 1189053, 15 Bigdheraednan athe hoae

field "?" 1s produced is that Tield edirting has previously been carried out

on the nQiditeld 26CEht " REENSE WIHGE: fdd eat e ffide tilde widihnFigihe tbag1S2.
at a lone field "?" -is expl ai ned. Since the lone field in Fig.15 is

cont ai ne¢id t0he Mdthodl sVGURPd ainfedndsn lomerg tdenr elidti ¢ gwi2idh t he
future field, so that the flag'S2 is S

The time of the field "?" is the current time {p. In
Fig.27A, "?" is detected as a léne field and removed. The frame
}£F| is.designated as the B-picture and the flag S5 is set to 1.

In Fig.27B, since the encoding of the B—picturg is specified
at time fp of the field "?", "o" is not detected as a lone fieid.
When the -field time has advanced by two fields (fp‘=_fp +.2), the
encoding of the P—pictﬁre is'. specified. The field “F" |is
detected as a lone field and removed. The frame |gG| is encoded °
as a Pipicturg.qnd the flag S5 is ée;. If, iﬁ the algorithm
shown in Fig.26, the tiﬁe of the field "F" .is the current time
fp, the field "F" is'jﬁdged to be oné frame not constituting a
non-interlaced frame in a field sequence on the temporally
"forward side of the current time fp. B

Another example of removing the ione_field is shown in
Fig§.28A.and ZSB, in which the lone field is removed by the
signal bottom_ field. Figs.28A and 28B show an example of the
method explaiﬁed in ﬁonnection with FigstIto 11 and an exampie
of the method explained in connmection with Fig.26.

'in Figs.28A and ZSE, fhe time of the field "c" is the
curreht time fp. In Fig.28A, "?" is detected as a lone field and

-removed. The-frame lccl is designated to the Bﬁbiéture and the



26 set to 1. On the other -hand, the lone field is contained in sone past

.sequence, and hence has strong correlation with the past field, so that the
flag S22 is set to 0. Although judgnent as to the conbination of the non-
interlaced frame is given on the basis of the flag S22 outputted fromthe

- conmparator 226, there are occasions where an incorrect value of the flag
S22 i's outputted. Such incorrect judgﬁ%ht may be reduced by storing several

val ues Off1F§ §bags SQ2itiger. sequentially in a menory or register 227 and
by giving ultimte judgnment as to the conbination of the non-interlaced

frame on the bagipig{2eBpatherviné aprafiaydofcpl usathwakies 6p &hé thag
S22. An illustrative exanple of a nethod for judging the conbination of the
non-i nt er baeedihganmethodmshdekliggatid te thewA-pacFigel7soi ihahi CR"t A
algorithmis shown by the so-called CI|anguage representation. In Fig.17, n
_speci fi esnbhedkitecdedi ms dleinde slome fheldnpuivhem athe ef He bd Ph@ei'%ﬁﬁt

novi ng picture signal S1, while Sl[nA and S22[ n] specify the tla% S22 for
Si[n]. progepded by four fields, the encoding method ‘is designated to

 P-picture and the fieid "qa" is detected as being a lone field and
rémoved. The frame |Ee| is encoded as a P-picture and the flag
"S85 is set to 1. If, in the algorithm shown in Fig.26, the time
for the field "d4d" ié the current time fb, the field "d" in the
field sequénce on the temporally forward side of the current time
fp is judged to be a lohe field.not constituting a non—interlaced
frame. ‘

By the above procedu&é,.éhe lone field not constituting a
non-inteflaced frame is detected and femoved. _

The field signal S6, thus freed of the lon? fields and
outputted from the.fiéid Qetection and removal circuit 172.of
Fig.4, is converted by the scan converter 162 into frame pictures
in thg inﬁut sequence. The example of the- signal F6 lis as
explained in connection with Figs.27 and 28. The input frame
sigﬁais S203 and the associated fl&és S4 and S5 are entered to
the picture encoder 163. The two flags's4 and S5 may be encoded
using top_ first_ field[n] ahd }epeat_ first_ field[n] defined
in MPEG2. The detailed structufe of the encoder 163 is described
subsequently. . The enéoded bitstream S204 is supplied to the

recording medium 164.



incremented, it specifies that the tine of the.signal Sl1 proceeds towards
future. For exanple, n = n + 2 specifies that the tinme of the signal Sl
has proceeded two fields towards future, that is that the inputting of Sl
has proceeded two fields. In Fig.17, the variable "isTop_ field" reflects a
parity-of the field n = 0 as an initial aqplue. Since the field sequence of
the I nput signal Sl shomn in Figs.15 and 16 begins with top 27 field,

"isTop- fieldsppe aéms(ﬂguﬁérp@ Plafhdd Iere 8 NEE hale%htsx.b%

[+
field tinme nis reflec int vari a e top field Tftirst , It is set to

"1"  or "¥led Ahd Q:B._cftluQJedd‘é'E:oQ@trt a8k £he!shrfosRacdd & the /:\,mersl ¥ he
repeat _ first_field[n] is a flag specifying renoval of the |one variable.

The vari abd-ecphl éMPRML i(Ratiifeprddileant mdin N@varl JOLEMPEG2 a4 [Timituie,
out put controller 228 of Fig..12. If the AND condition fromline 7 to line
10 of Figvliile = flag 1ndlcat1ng that the lone field not const1tut1ng the
. non—1nter1aced frame has prev1ous1y been removed is transmitted
u51ng.repeat_ first_ fleld[n] of MPEG2, MP@ML of MPEG2 proh1b1ts
repeat__ firsé__field[n] from being set to 1 for the.frame fete,
of 25 Hz. Thus the above specific embodfment is used for
avoiding this rule as well as achieving highly efficient picture
encoding.
The embodiment of'compulsorily setting the encodihg method
to I or P for the flag S5 equal to 1 is explained.

"In general, the P-picture or . the prictube appears
cyclically in a GOP. For example; in the GOP strgcture'shown in
.Fig.25; both tﬁe.P—pictures or the I-pictures appear .every three
frames.

-In the instant embodiment, the frame encodlng method is
compulsor11y set to an I-frame or to a P-—frame when the flag S5
explalned in connect1on with Flgs.ﬁ to 11 is set to 1. Thus the
instent embodiment differs from the previous embodiment as to the
method for controiling the signal S? specifying the freme

~encoding method performed by the encoder 163. The 1nstant
embod1ment is otherwise the same as the embodiment explalned 1n.

connection with F1g536 to 11.

‘An illustrative example is explained by referring to Figs.29



met, renoval of the lone field is comanded, with repeat_ first field[n]
being 1.. The variable top first_ field[n] is set in accordance with the
val.ue of "isTop_ field". The next check is carried out three fields later,
as n=n+3 at line 29 indicates. Thus-the value of "isTop_field" is inverted -
so that it operates as a parity for theddext check field, as line 18 and
line 26 indicate. If the above AND condition is not net, the previous state
of the vardrablde pEheisime ofTthendiklahtek is qeydoreredst wo lbnel fiseldteid as
line 39 indicates. Fig.18 shows an al gorithm corresponding to the algorithm
of Fig.17.rdmpvRdy. MhilhetBeondilaigoss OND1sebCND5 lof Frpelenecodeesg®id i
respective decision steps CND1 to CND5 of Fig,18. The remai ni ng_ steps
of Fig. 18 RAfRATS iehéhesetpngndidasignstigsabhesPnpicturepy ftihe gigngypS7.
first_ field[n], repeat first_ field[n] and pattern[n].

It is noted -that if the P-pictures are used every three frames,

the B—picture is be specified.

- The field signal S6, outputted by the non—interlaced frame
detection circuit 172, is converted in the input sequence by the
scan converter 162.' Fig.29 shows an eXampie of the signal S6.

"The input frame signals $203 and the a;soéiated flags 54 and
S5 are entered to the-bicture encoder 163. The two flags S4 and
S5 may be encoded using top_ first_ field[n] and repéat* first
field[n] defined in MPEG2. The detailed structure of the encoder
163 will be described subsequently. The encoded bitstream S204
is supplied to the recording medium 164.

The specific embodiment .explained herein .is again
indispensable when the picture decoder has the performance of the
class of the so~called MP@ML (main profile at main level) of MPEG
2. That is, the rule prohibiting repeat_ first_ field[n] of the
B-picture from being set to 1 as described above may be avoided
while effidient picture encoding may be achieved.

Meanwhile, if the above MPEG encoding standard is used in
picture signals of the PAL (Phase Alternation by lihe) system,
it is prescribed that field repetition in the sequence of the PAL

system is to be prohibited by the B-picture. The irregular

_telécine pattern as described above appears in the above PAL



28 An exanple of fi'nding top first_ field[n], repeat_ first field[n] and
pattern[n] for the input signal Sl shown in Figs.1l5 and 16 in accordance
with the algorithmshown .in Figs.15 and 16 is now expl ai ned. In Figs.15
and 16, $24 and S25 specify top first_ field[n] and repeat first_ field[n],
respectively. The process in which a pigure output controller 228 of
Fig.12 controls a picture output of a delay unit 229 to output a signal S26
i s explai ggdtedhgndelr@edinitdo 289 kspadMwiRhy dpyradnidtglyfi eTosson st how
future side with respect to the (n + |)st-field and i$ able to output a
field picexpeaihel Byspetefredgdedbapigr®m a picture output. controller 228.
In the exanple of Figs.15 and 16, a 7-field nmenory is required. A frane
nmenory may be &npFage80foitcdsstunt utd nthe hendedley tai degldegihente Fieldy
menories 202 to 203. The gicture output S26 is outputted as shown in (%? to
(6) bel owrepethtibasis tof bg deme dinr engadisenthe apirstiRpRle Nl EREW
shown in Figs.15 and 16. . . s .
pattern, In the present embodiment, field repetition 1is
scheduled to occur at an I-picture or at a B-picture.

';That is, with a sequence containing the irregular pattern.
aé shown in Fig.30A, encoding can be done without contravening
the.above rule by scheduling th§ set of fields CFtB containing
field repetition so as to correspond to the P-picture as shown
in Fig.30B. Meanwhile, if the set of-fields_CFtF containing the
field repetition corresponds to the B-picture during encoding,
fhe above rule is violated. Thus the scheduling is done for
avoiding such encoding, and the sequénce thus scheduled islrouted
to the encoder 105 of Fig.lQ;,

In the non-interlaced picture re-constructing circuit 104,
réconstruction of the encoding frames of field picture sets DF,
inclusive of the picture type scheduling as described above, is
performed, and three sorts of flags picture_ coding__ type, top
first_'field[n] and rgpeat; fifst_ field[n] aré oﬁtputted and
routed along with picture data to the encoder 105.

An illustrative example of wusing a non—ihterlacgd frame
detection circﬁit configured as shown iﬁ Fig.12 is now explained
in detail.

An illustrative algorithm for jddging the combination of the



(1) For pattern 1 Two fields of a field signal S104, del-ayed by four
frames from S1, are outputted sequentially. (2) For pattern = 2 A signal
S103, -del ayed three franes fromS1, is outputted. A signal S104 and two
invalid fields |--1 are then outputted in this order. (3) For pattern 3
29  Twp fields of the signal S104 and twot3nvalid fields are outputted in
this order. (4) For pattern = 4 A signal S104 is outputted, and a signal

S105, del aied ihitee lacades rhme themStgnal1a3l,5925 ihheasous pudherby () iy
pattern = 5 Two fields of a signal S104 are outputted sequentially. _
' ~circuit of Fig.12 is shown in Fig.33. The flag "picture_ coding
type on line 7 denotes the frame encoding method deéignated by
the downstream side encodef 163 shown in Fig.4. The present
algqrithmciiffers'from the algorithm shown in Fig.17 with respect
to the ‘AND conditions on 1lines 7 to 11. .In the instant
embodiment, the condition for repeat_ first_ field[n] being 1 in
the'aléorithm of Fig.17 holds if additionally "picture_ coding
type" is other than_"B—pictureJ.
The flowchart corresponding to the algorithm of Fig.33 is
shown in Fig.34. | | |
In this figuré,' the conditions CND; - -CNDM of Fig.33
correspond to the condition discrimination steps CNDy; - CND;; of
Fig.34. The remaining steps of Fig.34 show variables n,.isTop
"first, top__ first__ .fiéld[n], repeat__ firsf__ field[n] and
pattern[n]. |
An illustrative examplé is shown in Figs.31 and 32, of which
Fig.31 shpws the .reSults -0of discrimination of top__ first
fieid[n] and repeat__ first_ field[n] for the same input S1.as
that of Fig.15 by the algorithm of Fig.33. Fig.32iShOWS the.
results of judgment of top_ first._ field, repeat_ first_ field
and pattern by the algorithm of Fig.33.
The deference of Fig.31 from Fig.15 resides in the fact
fhat, in Fig.15, pattern=15 for repeat_ first_ fié1d=1 at n=15,

‘that is at "?" at the 15th field of S1, such that the lone field .



(6) For pattern = 6 A signal S104 and a signal S105 are outputted
sequentially. The invalid field is such a field entered to the next stage
encoder but not processed effectively. The invalid signal is specified by
a synbol* "-". . In Figs.15 and 16, frane del ay anounts of the output S26
relative to the input signal Sl1 are shov)gl.1 The exanpl-e of Figs.15 and 16
i ndi Cate that, as conpared to the:input , the output S26 is freed of the .
lone field "Fonovdl ] ewﬁ@?egé,rsgnf iFglegd 3and dihR Sesiiifd el dod@kigng Upypenon-
interlacéd frame are changed to an interlaced frame in which the first
field is @ymadtdd st tHY 18R] ting thepipvetute f respeat hef frate peedlad of -
S26 is | ocked with respect to the frane period of the input S1. Thus the
downst r eaig Siode seitcadel . i SImbtiee tedl drer i ok axk iR goBe@r,atiitod swifplr tbspsel St o
the frame period of the input S1. Referring again to Fig.4, the field
signal SXomut fuktldd"by thetnoepeéstef i needf fekdnbegomest ilon agnwhi¢hotips
converted by the ,
pattern=5 and the field "i" is removed.

The differencé of Fig,32 from Fig.lsiresides in the fact
that, inJEig.IS, pattern=5 for repeaﬁ_ first_ field=1 at n=4,
that is at "C" at the foﬁrtﬁ field'of S1, such that the lone
field "?" is removed, Qhéreas,'in Fig.?Z, since picture_ coding
_ type designated by the field "C" is B-picture, repeat_ first
field is not set ts.l. In the algorithm of Fig.33, it is for n=6
for a field #?" that repeat_first_field begomes'l,_at which ﬁime.
pattern=2 and the field "?" is removed. |

In Fig.31, the field "i" is inherently a combinatibn of
producing the field "I" and the non-interlaced frame. In the
algofithm.of Fig.33, the fiéld "i" is reﬁoved due to limitations
that repeat_ first_ field is not set to 1.for the B-pictgre. The
re#son is that the fields "h" and "I" ‘are combined to form a non-
interlaced'frame, which is not inherently correct, so'that, wheén
the -field "J" and "j" are combined to-fomn a pqq—interlaced
frame, the field "i" has to be set to the lone fiefd.' Thus, in
the instaﬁt embodiment, in distinction from the algorithm'of‘
Fig.17, a .frame. éuffering from lowering in the encoding
.efficiency tends to be produced‘at back or ahead of the frame

where repeai_ first_ field is 1 (frame |1 hllof Fig.31), due to



30 scan converter 162 in the input sequence into a frame plcture In the
exanpl e of Figs.15 and 16, "|" of S26 stands for the.frame boundary. Thus
it is seen that a frane picture is constituted at an interval of two fields
out putted. based upon the above pattern. The input franme S203, associ ated
flags, S24 (top_ first field[n]) and (ggpeat_ first_ field[n]) and an
invalid frame flag are entered to an encoder 163. The flags S24 (top_

first fielgln]dmane {denaate fddste figldl nloi Qan ikenercededeusi g rf kags of

the same nanme as defined in MPEG. The encoder does not effectively process
an i nput grapeehes. Wrheh afef ividddy Fhage vd agf hest beerny sebpedhev e abled

structure of the encoder 163 will be explai ned subsequently. An encoded
bit stream&2Oingi sheuppt i et é of b Metliechratmerg medi um 164. In the
above-descri bed enbodi nent, the algorithmfor judging the conbination of
t he non- |nterlﬁhedlémad@r@hbwnt|nonstltutlng the non—1nter1aced frame is
| detected as described above and removed.

Referring again to Fig.4, the output field signal S26 from
the non—-ihterlaced frame detection unit 178 is converted by the
scan converter 162 in the input sequence into a frame picture
S203. It is seen that, in the embodiment of Figs.31 and 32, "|"

‘in'SZG is-the frame boundary. It is seen thatla frame picture
is constructed at an interval of two fields outputted on the
basis of the above pattern.

The input frame Szosiand the'aesociated flags S24 and 825
are entered to the picture encoder 163. These two flags S24 and
S25 may be encoded using top_. first;'fielﬁ[n], repeat__ firste
field[n] defined in MPEG2. The encoded bifstream 5204 from the
encoder 163 is stored in the storage medium 1644

The decodiﬁg apparatus shown in Fig.4 is explained.

From the storege medium 164 of Fig 4, an encoded bitstream
signal 8205 is provided via a terminal 176 to the picture decoder
165. In he picture decoder 165, a frame 51gna1 SZOG is reproduced
from the encoded bitstream signal S205. 'The picture decider 165
will be explained subsequently in detail.

For each frame of the frame signal 8206 'a first flag S10

specifying from which of top_ field or bottom_ field a picture



Fig.23 is constructed using.a pattern of array of seven S22 signals S2[n] -
S2[n+6]. However, a pattern of array of a |arger nunber of signals S22 may
be enpl oyed for further reducing the risk of giving mstaken judgnent of
the non-"nterlaced franes. Conversely, a pattern of array of a smaller
nunbgr of signals S22 may be enployengor reduci ng the franme del ay anount
of the output S26 at the cost of the 1 ncreased possibility of giving

st aken LB Al obIE a8 hes! 25E8a L PIES: Y heieharLtnat ohe
aceor 1o Lrd PRGN oA koL BRI 1) Sl e et
string coaygsd eddd omiiie a0~ A | gged i Chur as N a0 Ayralndd el
sets each nade up of two field pictures, that Is franes , eac egi nni ng
with the Ebhféction with the explanation for the encoder.
| Each frame of the frame signal 5206 is converted by the scan
converter 166 into two fields of the field signal S207, that is
top_ field?and.boptomL field. An output contrcller 177 controls
“picture display of the.figld signal SZO? b& the flags S10 and
S11. ' _ o
When the flag S10 is 1, top__ field is outputted first,
whereas, when fhe flag-810 ig 0, bottom__ field is oﬁtputted
first. R
If,tﬂe flag S11 is 1, ohe previously decoded and.reproduced
field is interpolated. For example, an initiélly_butputted
field,.as commanded by the flag1810, is iteratively outputted.
In such c;se{ the two flégs S10 and'Sll-may be reglized'using top
first_ figld-gnd repeaﬁ_ first_ fieid defined.in MPEG2. .In this
'mapner; a signal S208 'is outputted on;the pasis of the signal
S207 and tﬁe flags S10 and S11. This signal S208 is displayed_on
‘& monitor 167. |
- The processing by an output.contréller is specifically shown
in- Figs.35 to .38. These fouf éxamples iilusﬁrate outputé
correspondiné to the encoded bitstreams of thé .sequences
explained in ponnectfon with Figs.Gito 9, respecti?ely.

"An jillustrative example of the picture encoder 163 shown in



field or top field Ft of an interlaced picture, as shown in Fig.2B, and
anot her picture string converted fromthe non- interlaced pictures NF
into plural field sets each nade up of two field pictures, that is franmes
CF, each*beginning with the second field or bottomfield Fb of an
interlaced picture, as shown in Fig.2B%7These picture strings are linked to
each ‘ot her by editing as shown in Fig.2D. The input picture signal 'is '

provi ded to jrr tier Lo Cid:GUiatq 10 S | ans
For o pret Hhopcht] SRELEI A b1 3o ERRTAEDR o Fidige i nd he i Sl ot OF
corr esponﬁ@@eé. Oinwfe.mnw%@wr&tﬂ | aEEsla P £ 1k Bfo Degb RS M 1hg tite £he st
field or w h.the second field. The 1rregular pattern detection signal and
pi cture dadmbimst (K RYt mStgBAl-sofbehbat bar DYt &+ f Pathd @reddettdoni andcDCTUI t
103, are provided to a re-constructing circuit 104 for the non-interlaced
pi cture agid€rgaséwnicin 'MPEGE®RNS. This re-constructing circuit 104
reconstructs and outputs a non- interlaced picture dependi ng upon whet her
paired field pimt inpsitconoespondiingure t hégnah- i $RAY | Aseos R gds a¢f 2he

picture string of the input picture signals begin with the first field
terminal 360 of Fig.39. Each frame is encoded by any one of

three methods of I—pictufesy P-pictures or B-pictures.

- In case of a GOP édﬁposed of 12 frames, as shown in Fig.25,
a frame I2 is encoded as aﬁ I-picture, while frames BO and Bl are
encoded as a B—picturé and a frame P5 is encéded as a P-picture.
The frames B3, B4, P8, B6, B7, P11, B9 and B10 are then encoded
in this order. The,ﬁiéture encoding method is carried out py a
picture encoding type designating circuit 371, which outputs the
signal S7.

This signal S7 is entered to a m&tion'vector estimation'
circuit 370 where inter—frame motion vector is detécted. Motion
veétor esfimation is performed by péttern matching between a
feference frame and a currént 16 pixel by 16 line macro-blogk.
That is, a sum Ef of absolute va.lue.s |aij - Fij| of the
difference between the signal Aij of the current macro-block and
the signﬁl Fij of an arbitrary biock indicated by a motion
vector, that is

Ef = 3|ALj - Fij]
is found.

The motion vector detection circuit 370 outputs the motion



32 or with the second field. An output signal of the re-constructing
circuit 104 for the non-interlaced picture is provided as an output signal
of the pre-processing circuit to an encoder 105. In the present
modi fi cafi on, an encoder for perform ng conpression encodi ng by expl.oiting
“line-to-line correlation or frame-to-frage correlation of picture signals
i s enpl oyed as. the encoder 105, while three sorts.of flags pi cture_ coding_

type, t Opuetf:{'.é?t infbehsl pdnagdsr epealnibh gl _pbiehdkNhiasmuat er Aexptaioed
are used, In addition to picture data, as a signal provided fromthe

pre- prOce§§hﬁgnﬂﬂtloﬂozlﬁﬁé$¢¥%éﬁK¥EK£rﬂiﬁkadempﬁﬁﬁiﬁk&odO&ng&neﬁata§7
encoded data in accordance with these flags and outputs the generated data

at an out putpuesna natedist i orAipiidtiurst sdgned 82anpkedodut hel emcdoematO®n | |
be expl ai ned subsequently. First, the manner of detecting paired fields or-
a frame vector information S23. An adder 361 calculates the difference
between signals.SZO3 and S90 to fake.out a predicted residue
signal 8981. If the signal S7 indicates an I-picture, prediction
is not mgde and the input moving picture siénal S203 is directly
outputted. .

‘The prédicted residue signﬁl 891 is processed by a DCT
circuit 362 with two—dimensiondl DCT. If prediction ?s not done,
it is the original signal that is processed withltwo—dimensional
DCT. The DCT coefficients are séalaf—quantized by a quantization
circuit 363. The resuiting quantized output'is Huffman-éncoded
"by a variable length encodlng (VLC) 'circuit - 368. The
quantization step Q and the motlon vector 1nformat10n S44 are
Huf fman—encoded on the frame basis by the VLC circuit 368 on the
macro-block basis: The frame signals S7land_thé éonefmentioned
flags S4 and S5 are Huffman—encoded by the VLC circuit 368 on the
frame basis. '

A buffer 369 smoothes the bié rate _outputfed on a
traﬁsﬁission channel. If.overflow is likely:to occur, the buffer
369 operates to feed back that effect and increases the
quantizaﬁion step of the quantization circuit 363 while
decreasing the amount of tﬁé.information outputted from ﬁhé

quantization dircuit 363.



constituting a correct non-interlaced picture by the irregular pattern
detection circuit 103 as detection neans of the pre- processing circuit 102
of Fig.19, is explained. Fig.20 shows an irregular pattern in which the
conbi nati*on of sequences of non-interlaced pictures is disrupted. It is
seen that objectionabl e sequences SQL &9 S are produced when a sequence
of paired fields corresponding to a non-interlaced picture beginning from

the-first field Ft d . of [ fiel f '

Lo a non- i nt er PRoddii GEOFE. Beginni WL r BHPHAL Slaonty [ LEF S Lyt oG
together by .33.aditing  Thus, h j N Fig. 21A, W0 et We fiite! {
Clci)geangr Cﬁér(?é‘r}% .S%QI dlsn%ed uosa. ]?dlseeqsu(_f.?lvg}eiaq.lolng c%%’ulg; fiBthw% qf 1t ds'S

taining a pre-set rern a secon d Fbo, are.

f or med. - .qf it i r i fo asfd Da f a
o S SRS 1 Eo R 2P ST i ko

‘the quantization circuit 363. An output of the dequantization
circuit 364 is éupplied'to an inverse DCT circuit 365 for inverse
DCT processing. Aﬁ outpht of the dequantization circuit 364'is
entered to the inveréeﬁDCT circuit 365 where it is inverse DCTed.
The Aecoded prediction residue signal S92 is eﬁtered to an adder
366. | |

The same data as the prediction residue signal SS0 supplied
to the adder 361 is supplied to the adder 366. - The édder 366
adds the signal SQOit; the signal S92. This generates lbcally
decoded picture data. This picture is the same signal as the
output picture on the receiver side.

ﬁeferring to Figs.37 to 45, illustrative examples of
encoding and.décoding offthe moving_pictufe signals are explained
in further detail. 1In these illustrative embddiments, picture
signals are encoded for compression by exploiting line-to-line
or inter—frame-cérrelafion of picture signals;

If the iine-to-line correlation is exploited, picture.
signqlé can be further processed with, for example, discrete
cosine transform (DCT) for data compression.

In inter—frame correlation is exploited, picture signal can
be further  compressed by encoding. For example, .if frame

pictures PCI; PC2 and PC3 are generated at fime'points t = t1,



order, while the other CF2 of the fields, or a frane, is made up of a field
pair of a second field FbO and a first field Ft2. One of these field sets
CF1l or CF2 represents a conbination corresponding to the correct _
non-intefl aced frane, as indicated in Figs.21B or 21C. For detecting the
set of fields constituting a frame of  a58orrect non-interlaced picture, a
detection circuit shown for exanple in Fig.14 may be enpl oyed. The net hod
for encoding an objectionable pattern follow ng detection of an i.rregul ar
-pattern i nZamed 0f3di srespleican vefl yt,heaoghowat-iion Rifg .t40a ,novhe ntéffacedce
sequences is now explained. Fig.22A shows an irregular pattern detected as
descri bed tefovaen ghet pécbbFecs i omabs co S ddngefcemsPighuares sPObjeaet PE4aBRE in
encodi ng the sequence is the lone field Fx shown in Fig.22B. The | one field
Fx is a fika Fagetehadied 4 RReTalke ahdPhetuRaVPRy2 a 2DURPRYRalR FABH PRI ng
a non-interlaced fra | f encoding is to be made by exploitipg, e.g., franme
correl ati oL khe ofEIfPEERCEX EaﬁﬁSP_ﬁgeeﬁﬁﬁ &de 215 %ﬂoﬁﬁeiﬁ?ame
F19. 228 SUED: 4008 3l pds® P H i3 dob IPHeY chbul RE8EPR6EERE AR E"Y
e.g., forwd ¥ .

' piéture PC23, as shown in Fig.40B. Since pictures of frames of
temporally neighboriﬁg frames are not changed so significantly
from each other, the difference signal produced on calculation
.of the difference between the two pictures is of a small value.
Thus, as for the picture PC12 shown in Fig.40B, a signal of a
hatched portion of the picture PC12 of Fig.40B is obtained as the
difference between picture signals of the frame pictures PCl'and
PC2 of Fig.40A. Similarly, as for the picture PC23 shown in
Fig.40B, a-signil of a hatched portion of the pictufe PC23 of

- Fig.40B is obtqinéd as the difference between picture signals of
“the frame pictures PC2 and PC3 of Fig.40A. The amount of the
codes can be compressed by encoding'this difference_éignal.
However, if only the difference signal is transmitted, the
original picture cannot.be restored. Thus the pictures of"
respective frames are arranged into three sorts of piqtures,
namely an intra—coded picture or I-picture, a predictively coded
picture or P-picture and a bi-directionally coded picture or a
pricture; for comﬁressioq coding the picture signals.

That is, 17-frame picture signal from a frame F1 to a frame

F17 are grouped as a group-~of-picture, serving as an encoding



backwar d S|de fields. 34 Fig. 22C shows a case in which such

i nterpol ati on has been nmade by repeating a previous field Ftl in place of
‘the renoved | one field Fx. The set of field pictures, conprising such
repetition of the previous frame Ftl, is ternmed CFtF. Such
-interpolation may al so be nmade by repeasing a succeeding field Ft2 in place
of the rempved lone field Fx, as shown in Fig.22D. The set of field-

pi ctures, conpri si such repetition of the sycceedin franE | S & med
CFt B. rPﬁe §ét§g8V“péPrgdgF|éﬂﬁsaegr?égpon ?mfid&f 12%er aced
picture, S be g ncoded g d he of,

pi ctures n f rdcl)e% tFEe %' rs?n & E and %tggg’éalénnrﬁgtlfr opn%c{tﬁle&

second fi 6‘4 % ro% bHTEL (Jila Ak QEB, o SAER el Y P Idr S proibtedihs

~exanpl e the pattern shown in Fig.22Cis processed with nmovi ng
picture eQP@dbﬂQtﬁ%bnﬁnﬁrQQEh P-picture, respectively. The fourth and the

- following frames'F4-to'F17 are.aiternately pfocessed as B-
pictures and P-pictures.

As picture signals of the I-picture, piqture signals of one
frame of the I-picture are directly_fransmitted. As picturé
signals of the P—picture; basically the difference from the
temporally‘previous I- or P;pictures_is encoded and transmitted;
as shown in Fig.38A. As ‘picture signals of the B-picture,
baéically. the difféf;nce ‘from mean vaiues of a temporally
pfevious frame or a temporally succeeding frame is found and the
difference is encoded and transmiéted, as shown in Fig.4OB.

Figs.42A and 42B illustrate the principle of the method for
ehcoding moJing picture signals. Specifically,-Fig$.42A and 42B

| illusfrate:frame d#ta of moving picture signals and transmitted
frame data, respectively. In Fig.42, since the firét frame F1 is
. processed as an I-picture or as a non—interpolated frame, it is
directly transmitted oh a transmission éhancel'as transmission
data F1X (non-interpolated transmission data). As for the second
frame F2, proéessed as a B-picture or as ah interpolated frame,
the difference from the mean value between t@e temporally
previous frame F1 and the temporally succeeding frame F3 (inter-

frame encoded ndn—interpolated_frame) is found and the resulting



correlation as |ater explained. In this enceding, the sequence of the set
of field pictures CF or franmes corresponding to this non-interlaced picture
can be encoded usi.ng the conbination of two sorts of flags, nanely the
flags top_ first_ field[n] and repeat _ first_ field[n]. O these, the flag
top_ first_ field[n]is 1 or O when the ﬁft of field pictures or franme being
encoded is the set CFt beginning fromthé first field Ft or that beginning
fromthe second field Fb. The repeat  first_ field[n]is 1 or O when the
first fididfefrense sés otrénsnit bedt 1r®es toensmdid egei AgtencobEgnsuibteds

not 35 to be repeatedly displayed, respectively. Thus the encoding is
achi eved ig einod@dtach & radie daday) \y’fgl es shown in Fig.23 to the flags.

Fig.24 -shows Maor}‘eexgggl:?f ?I:a?ilg?di_t%%'l:[eheapgt tf%rur}' chli ﬂf‘grggp modes, for
processing as the B-picture, which may be éwitched on a macro-
" block baéis. The first mode directly transmits data of the
original frame F2 ﬁs transmission data F2X as indicated by a
broken—line arrow SPl1 (intra—encoding mode). The processing is
similar to ﬁhat for the_I—picture._ The second mode calculates
‘the difference from the temporally succeeding frame F3. and
transmits the difference as indicated by a broken—line arrow SP2
(backward prediction ‘mode) . The third mode transﬁits the
difference from the temporally previous frame Fl as indicated by
a broken—iine arrow ‘SP3 (forward'prediction mode). The fourth.
:mode generates the difference between the tempordlly previous
frame-Fl and the temporally sﬁéceeding frame F3 and transmits the
difference as transmission data F2X (bi—directionalnpbediction'
mode) .

Of these four modes, the mode ‘which minimized the
transmission data is employed on tﬁe macro—-block bgsis.

When transmitting thé difference déta, the motion vector x1
from the prediction picture, that is the ﬁotion.§ec£or between
the forward predicted frames F1 and F2 and/or the motion vector
x2 between the backwatd. predicted famés F3 and F2, Iis
transmitted along with the difference dafa;

As for the frame F3 of the P-picture (non—interpoiated frame



In Figs.23 and 24, the two flags top_ first_ field[n] and repeat first._
field[n] are both 1 for the sets of the encoding frames or set of field
pictures CFtF.and CFtB, in which the beginning field is the first field Ft
and in which this beginning field is repeatedly displayed. It is noted
.that,.in the set of field pictures CFtB%¥ Fig.24, in which the backward
field Ft2 is repeated, data of the first field Ft as the beginning field is
repeated as encoding data. The reconstructing circuit for the

non-interl ae&d Piatricansomredicrtignly, xecdidd ereassst #ugrebn fofom hhset
of field pictures or the encoding frane CF, contalnlng picture
.schedul i ng 58™BRPPA}Hedr enffye dild 8t fhtss PﬁFgé §6PPSHﬁ°HW§§¢I&§S

nanely pict
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t he above f ags ta at” an out pu erm na

encoded OUtBQEd§b9@3hSm3&éWQtlxiﬁgﬂdgﬂlJEQqu@ﬁe 40628 £ the original frame

F3 is directly transmitted as transmitted data F3X, as indiceted"
by a broken—line arrow SPl1 (intra-coding modef; In this P-
- picture, as in the B-picture, the particular method of

transmission which reduces the transmitted_data volume to a

larger extent ie-selected on the macro-block basis.

| The frame F4 of'the.B—picture'and the frame F5 of the P-
picture are procee;ed in a siﬁi}ar manner so that tragsmission
data F4X, st and motion vectors x4, x5 and x6 are produced.
Fig.483 shows an illustrative. construction of an apparatus
for encoding, transmltting and decoding moving plcture sxgnals
in accordarce with the above-~described principle. An encod1ng
apparatus 1 encodes input.picture signals and trensmits the
encoded signals.to a recording medium 3 as a transmission path
for recording thereon. A decoding apparatus 2 reproduces signals
recorded on a recording medidm 3, decodes. and eutputs reproduced.
signals. -
In the encoding apparatus'i,.input picture signals VD are

supplled via an input termlnal 10 to a pre—proces51ng circuit 11

where it is separated into lumlnance and . color signals (chroma

signals) which are A/D converted by A/D-Converters 12 and 13,



recorded on a signal recording nedium such as an optical recording nedi um
for producing a recordi ng nedi um havi ng 36 recorded thereon signals
encoded with high efficiency encoding. Wth the above- descri bed novi ng

pi cture éncodi ng net hod or apparatus, .encodi ng can be executed after
constructing a frane so that an input fisare will becone a non-interlaced
frame, even if the period of field pairs nmaking up the non-interlaced frane
of the input noving picture is irregular or a lone field not constituting a

non-interlaced.£{o8ByiS apet 3 neciid! ERgnbNBUL AVDVidiGh weiraldd by S@nthal/D
hi ghly eff|C|ent pi cture encoding can be achi eved. The above-descri bed

met hod orcgpparebys 18,efiBeald B gitell esitgking, vateosappghakd tontaifiiang an
irregular 2:2 puII-domm pattern due to processing, such as field editing,
of video meégoays,14mM fbra sftroamer ateenélﬂS HzInprtdeuctdany Zehogy | 1dows

fromfilmpictures.
luminance signal frame memory 15 and a chroma signal frame memory
16 store luminance and chroma signals, respectlvely.

A format conversion circuit 17 converts frame-format
signals, stored in the frame. memory‘ 14, into block-format
signals. ~ That is, three picture signals stored in the frame
memory 14 are in the form of frame format data comprising V lines
each consisting of H.dots, as Shown in Fig.44A. The format
convers1on 01rcu1t 17 slices the 1-frame signals into n slices
each consisting of L6'11nes. Each slice is d1v1ded into macro;_
blocks, as shown in Fig;44B. Each macro-block ie made up of
luminance.signals corresponding to 16x16 pixels or dots, as shown
in Fig.44C. These luminence-signals are further divided ‘into
blocks Y[1] to Y[4] each consisting of 8x8 dots. These 16xlé dot
luminance signals are associated with 8x8 dot Cb signals and 8x8
dot Cr 81gnals o |

| The data thus converted 1nto block format data is supplled
.frOm the format cénversion circuit 17 to an encoder 18 where 1t
is encoded, as will be explained subsequently witn reference to
Fig.45. -

The signals‘encoded by the encoder 18 are outputted as a
biﬁsﬁream on a transmission chancel so as to be recorded on, for

example, a recording medium 3.



The use of the MPEG encodi ng -standard as the encoding standard is now -
expl ained. Wth the encoding by the MPEG system each video sequence is
divided in ternms of groups-of-pictures (GOPs), that is a group of franmes,
such as 12 franes. By the prediction system each frane is classified into
threg types, nanmely intra-ceded picturgg or |-pictures, predictively coded
pictures or P-pictures, in -which notion prediction is frompast and future
P- or I-pictures, and bi-directionally coded pictures or- B-pictures, in

whi ch notion pratiecida®a r&ptbattpast réint Hdlliéled rfidi n@r medpuat 8r £s.sdppl ide
present enbodinent, the flag S6 explained in connection with Figs.4 to 11
is control lted scdexodext 30 b2 Lthehdecedindi agpamratus3?2 ifyputddacaimeas Bhe
B-picture. Thus the nethod of controlling for the non-interlaced frane

det ecti on decadar BA2wiiliflee sexXplomingre sméatsteachesﬁdm inndeitgid by referring

respect, although the two net hods
to 1g 48

The data decoded by the decoder 31 is supplied to the format .
conversion circuit 32 for convecsion,from the block formet data
into frame format data. The frame—format luminance signal_ere
proQided,to a luminance sigoal-frame memory 34 of a frame memory
33'for storage ﬁherein, while chroma sigoals are supplied'to'a
chfoma signal frame memory 35 for storage-therein. The luminance

signals read out from the luminance signal frame memory 34 and
I .

the chroma signaIS'iéhd out from the chroma signal frame'memofy
35 are DA converted by D/A converters 36, 37, respectlvely, and
thence supplled to a post-processing circuit 38 for synthesis.
The.resulting output picture signal are outputted at an output
terminal 36 to a display, such as CRT not shown, for display.

An illustrative construct1on of the encoder 18 1s explalned
by referring to-Fig.45.

Picture dete-supplied for encoding via an input terminal 49
are enfered on the macro-block basis to a motion vector detection
circuit 50, which then procesees the frame_picture'data as I;,
P-- or B—pictﬁres in accordance with & pre-set sequence...It.is
pre-set by which of tﬁe I-, P- or B-picfgres'the sequentially
entered frame pictures are to be processed. For example, the .

group-of-pictures constituted by ffames'Fl to F17 are processed



are simlar-in the remaining respects. The algorithm of processing in the
non-interlaced frane detection circuit in the exanple of encoding by the

. MPEG systemis explained by referring to the flowhart of Fig.26. The

signal S7? specifies the frane encodi ng nethod, and is designated froma
encoding unit 163. The algorithmof Fig. 2 differs fromthe al gorithm shown
in Figs.10 and 11 in that the condition of the conditional branching 305

and 316 are nodified to steps S331 and S332. Since the algorithmof Fig.26°
i s ot her witde It:-h@ sd&re Bas Bohat- -Sholin &% BHg¥mMdrafdet£l-only the nodified

tion inclusiye of the step S331 S332 are sh ith how, pg t
Femi ning port it a?te?g??eha_f’ cabnﬁfelzm%?éweo%e_rs%ﬁ% - Ygﬁgagi’%ﬁ SoeeF: et
IS nNobdiTl edq, a 1Ll C :
Lhi o step ofag® nooe Fnoo 18 RAARSaEAT 28R EhPPaBk P R0qPhr ety Lok

S2[fp .+h2]cdii:$ct'19r5 hered ﬁ.%ﬁgﬁ?afpﬁﬁéiﬁﬁéfu@i@-Pi&t&fethe ERakbe
and,

ot her e conditional branching step 316 of Fig.11 is nodified to
the condi tignaly 512aehi B8osheR 8REreNAVWADLE the2bpictie idhita sep 33dmeit
'IS -processed as a B-picture, such as a frame F2, is transmitted to
a reference original picture unit 51b, and thé'picture data.of
a frame processed as a thiétﬁre, such as a frame F3, is
transmitted .to a backward original picture unit 5lc for storage
therein.

When a picture of é frame to be processed as a B- piéture
such as the frame F4 or as a P-picture, such a§ the frame F5, is
en£ered at thé next tiéing, pictqre data of the first f—picture
frame F39, so far stored in the backward original ﬁicture unit
Sic, is transferred to thé forward original picture unit 5la.

- On the other hand, piéture data of the néxt B—picture (frame F4)
is stofed by overwrite in the-forward original picture unit 51b,
while picture data of the next P-picture (frame F5) is stored by
overwrite in the backward original picture uﬁit 51b. This
sequence of operationﬁ.is performeﬁ fepéatedly.

The signals of thé'respective pictures stored ih the frame
memory 51 are read out therefrom so as 'to be processed with frame
prediction mode or field prediction mode by a prediction mode
switching circuit 52. The respective picturé signals are also

processed by a processing unit 53 with the intra-coding mode,



judged whether the flag forward by two.fields S2[fp + 2] is 1 or the signal
S7 indicates a B-picture. Figs.27A and 27B, showing illustrative exanpl es
of S|gnals -38. and flags at various portirons, are directed to renoval of
the lone'field by the signal top_ field. Flgs 27A and 27B are directed to
‘the nethod explained in connection with $7gs,6 to 11 and to the nmethod now
expl ained in connection wWith Fig.23. The time of the field "?" is the

current tinme fp. In Fig.27A, "?" is detected as a lone field and reaned
The frarrefprﬂﬁrﬁspaééighat)éd a9dehe qumle'tfmde-mlt%é% agt B i sO%et big

In Fig.27B, since the encodlng of the B- ture is s ec fied at
the fiel ddipectionaiy pradiptieq oMoLe 186&% AT th% fqreeldcfmst’1r"r€l has

citanced g it )£y 11e7 B fuflas a0 PR ok Wi 3 5,

frame |gG et%rﬁQSQQng the macro-bock basis in assoc1at10n with prediction
error-signals,.that is the difference between.tho reference
signal and the prediction picture. Thus the motion vector
detection circuit 50 generatos the‘sum of absolute values of
preoictlon error slgnals used for such decision and the__.
evaluation valies of the intra-coding mode corresponding to the
prediction erroo signals on the macro—block basis. The square sum
may be employed in place of the sum of the absolute values.

The frame pred1ct10n mode and the field pred1ct1on mode in
the prediction mode switching circuit 52 are now explained.

If the frame prediction mode is set, the prediction mode
sw1tch1ng c1rcu1t 52 directly outputs four luminance blocks Y[1]
to Y[4], supplled from the motion vector detect1on c1rcu1t 50,
to the downstream side processing unit 53. 1In such case, da;a
of lines of even fields and data of lines of odd fields co—exist,
as shown in Fig.46A. In Figs.éSA.and 46B, solid lines and broken
lines in each macro—block represent data of lines-of an odd fielo
(lines of the first field) and lines of an even field lines of
the second field), pespecfively, while a and b in Figs.44a and
465 specify units of motion compensation. . In "the frame
ﬁrediction mode, predlotion is‘ﬁade in terms of four . luminance

blocks (macro-blocks) as a unit and each motion vector is



as a-P-picture and the flag S5 is set. If, in the algorithmshow in
Fig.26, the tinme of the field "F'" is the current tine fp, the field "F" is
judged to be one frane not constituting a non-interlaced frame in a field
sequence‘*on the tenporally forward side of the current time fp. Another
exanpl e of removing the.lone field is she8n in Figs.28A and 28B, in which
the l'one field is renoved by the signal -bottom field.. Figs.28A and 28B
'show an exanpl € of the nethod explained i.n connection with Figs.6 to 11 and
an exanpl ea®dod teet eetvwinich gl A Neti ddh cOMREIHHLN Wi th Fig. 26. I n Figs. 28A
and 28B, the tinme of the field "c" is the current tine fp. In Fig.28A, "2"
is detected as Bf | the field amédnenmoedmodﬁhesfﬁana |t predidetignamnedet o
the B-picture and the 39 flag S5 is set to 1. In Fig.28B, the tinme for
field "c" $¥iteleing neirpubhd52heauses luminance blocks Y[1] and Y[Z] of
four luminance blocks of the signal entered from the motion
vector detection circuit 50 in the configuration shown in Fig.46A
to be cbnstituted only by dots of, for example, odd field line
dots, while causing the-remaining two luminance blocks Y[3] and
Y[4] to be constituted only by data of lines of even fields. Theﬂ
resulting data is outputted to the processing unit §53. In_such'
case, one motion vector is associated with two luminance blocks
Y[(1] and Y[2], and another motion vector is associated with the .
‘remaining two luminance blocks Y[3] and Y([4].
In the frame prediction mode, chroma signals are supplied
tb the processing unit 53 in a state in which data of lines of
- odd fields and data of lines of even fields co-exist, as shown
in Fig.46A. .In the field prediction mode, upper half portions
(four lines) of the chroma blocks Cb and Cr are chroma signals
of en edd field corresponding to the luminance blocks.Y[lj and
Y[2], while lower half portions (four lines) of the chroma blocks
Cb and Cr are chrome signals of.an even field corresponding to -
the luminance blocks Y[3] and Y[4], as shown in Fig.4SB.
The motion vector detection circuit 50 generates, in the
pred1ct10n decision circuit 54, the_evaluatlon values of the

intra-coding mode and the sum of absolute values of prediction

errors for determining'which of . the intra-coding mode, forward



encodi ng nethod is designated to the B-picture, so that "?" is not detected
as being a lone field. When the field tinme has proceeded by four fields,
-the encoding nethod is designated to P-picture and the field "d" is
detected®as being a lone field and renoved. The frame IEel is encoded as a
P-picture and the flag S5 is set to 1. I§g in the algorithmshow in
Fig.26, the time for the field "d" is the current tinme fp, the field "d" in
the field sequence on the tenmporally forward si-de of the current time fp is
j udged topeddcitdna friogled nttowsmtst Prediayien nBadent eckeed d RFRA1IHiqmhe
above procedue, the |lone field not constituting a non-gaﬁerla%eﬁ frame is
det ect ed Meder @fobiael biTid reicdiignailgpapdist ipRUBORE ARF 3 ik O ohRS 1§ 2419

and outputted fromthe field detectiqon ang.repoval circuit, 172 of Fig.4, isS
convertedfﬁ?dﬂﬁé1§@aﬂ°88n9éngP i&n?ﬁegiﬁ °Bi%?g?e%re LR i %S #gkor :

In"tThe inpu

' . Th I f t ' . F6 | | ai I [ w th
i g5, 27 amE SR CC ke REREGT noaNe -oirgal sienathBGPIREY EB EREPRER PO 0 )
and S5 are entgngd 4Q The RICYA SIS Vel ofl End Won{t@0 SFhantb &, may

be encoded-

a sum of absolufe'values of the differences between the-éignal
of # macro—block of a reference ﬁicture to be encoded Aij and its
mean value, that is Z|Aij - (mean value of Aij)], is found. As
the sum of absolute values of prediction errors of forward
pfediction, a sum of absolute leues of the differences between

the signal Aij of a macro-block of a reference picture agd the
rJ

signals Bij of a macro-block of a prediction picture (Aij - Bij),

£hat is-Z[Aij —~ Bij|. is found. The sum of absolute values of
prediction errprs of backward prediction  and bi-directional

prediction is found in a similar manner for each of the fraﬁe

predicfion ﬁode and the field prediction mode on the condition

that the prediction picture is changed to a prediction picture
different from that for the forWard prediction.

These sums of the absolute values are provided to a
prediction decision circuit 54.which then selects the smallest
one of the sums of the absolute values of prediction errors of
forward prediction, backward prediction and bi-directional
prediction for eaéh of the frame prediction mode and.the field
predictiﬁn mode as the sum of absolute values of predictidn

errors for inter-prediction. The sum of absolute values of the



using top_ first_.field[n] and repeat- first. fleld[n] defined in MPER:

The detailed structure of the encoder 163 is described subsequently. The
encoded bltstrean18204 is suppli.ed to the recordi ng medi um 164. 40 The
speci fi c "enbodi nent expl ai ned herein is indi spensabl e when the picture
decoder has the performance of the classggf the so-called MP@L (main’
profile at main level) of MPEG 2. That is, while a flag indicating that the

| one field not constituting the non- i nterlaced frame has previously been
r emoved |Br?ﬁihﬁ%h??teé'd%sﬁ od Féﬁeh‘t’tﬂ'r%t‘edw%%‘tf[ A 6+Smpaw@$«e dthe

MPEG2 prohlbLés [ epeat |r§ flelgk fron1be|ag se& E?r t he f&

rate, of 9%afpatio hﬂ%r?ﬁe b5h8 %B ATPRALRBORPHENEDD; & ﬁ?& £&r °8%0i'di ng

o o T Bl LB hEe R P bRl S P B TRER e

: selected as-the prediction mode and ‘the . frame/field prediction

mode. That is, if the evaluatfon vaiue of the intraecoding ﬁode
is smaller, the intra-coding ﬁode is selected. If the sum of
absolute values of prediction errors of inter-prediction is -
smaller, one of the forward prediction méde, backward predictioﬁ
mbde or the bi-directional prediction mode having the smallest
value of the sum of the absolute values is set as the prediction
mode and tﬁe frame/field prediction mode.
| As described above, the prediction mode Switching circuit
52 provides the macro-block signals of the feference picture to
the p;ocessing unit 53 in the configuration shown in Fié,4é
éorresponding to the frame prediction. mode or the field
prediction mode as selected by the prediction decision cirecuit
54, The mption vector detection circuit 50 outputs a mgtion
vector Between the prediction picfure and the reference p;pture
corresponding to the predictidn.mode selected by the prediction
decision circuit 54 and provides the motion vector to a variable
length encoding circuit 58 and to a motion compensation circuit
64 as later éxplained.' For fhis.motiop vector, suqh a motibn
vector associated with the smallest sum df.absolute values of the
prediction errors is selected.

When the motion veétor detection circuit 50 is reading out



tol or Pfor the flag 'S5 equal to 1 is explained. In general, the
P-picture or the |I-picture appears cyclically in a GOP. For exanple, in
the GOP structure shown in Fig.25, both the P-pictures or the |-pictures
appear every three franes. In the instant enbodi nent, the franme encoding
methqd is conpulsorily set to an I-framébr to a P-frame when the flag S5
expl ained in connection with Figs.6 to 11 is set to 1. Thus the instant
enbodi nent differs fromthe previous enbodi ment as to the nethod for
control | i pgctheesdghal o 57t e+ i tgre hirdm arte divodingy awsitghiaw lp@rifcdraped by
the encoder 163. The instant enbodinment is otherw se the sanme as the

enbodi menundkplSdienectien poeddetion diechsipgs.cd neytitl Sdanseffudbpatintga-
exanple is explained by referring to Figs.29 . 41 and 4. The .ting of .the
field "?" codipng: meded (pode mete FordioFming motion compensation) and sets

a switch.53& of the processing unit 53 to a contact a. This
routes picture data d the I-picture to a DCT mode switching
circuit 55.

The DéT mode switching circuit 55 seté data of four
‘luminance blocks to a 'state in which lines .0of. odd fields.and
lines of even fields co-exist (frame DCT mode) or a state in

| which the liﬁes of odd fielas and the lines of even fields are
iéoiated from each oth?r (field DCT mode), as shown in Figs.47A
and 47B. The DCT moae'switching circuit 55 then outputs the data
to the DCT circuit 56. | |

The DCT mode switching circuit 55 compares the encoding
effiéiency which would be achieved if DCT processing is &one for .
data compris}ng odd field data and even field data together, to
the encoding efficienby which would be achieved if DCT processing
is done for d#ta compfising odd field data and even field data
sepafated from each other, anﬁ selects the mode with a higher
encoding efficiency. _

' The input signals are set.to a state in which the lines of
the odd fields and the lines of the even fields éo—exist as shown
in Fig.47Aul The difference between the signals of the vertically
adjacent lines of the odd fields and even fields is calphlétéd,

and the sum of the absolute values or the square sum is foundf



renmoved, while the flag S5 is set to 1. The encoder 163 is responsive
thereto and designates the P-picture by the signal S7. It is noted-that if
the P-pictures are used every three frames, the B-picture is be specified.
The fiel d signal S6, outputted by the non-interlaced frane detection
circyit 172, is converted in the input sepence by the scan converter 162. -
- Fig.29 shows an exanple of the signal S6. The input franme signals S203 and
the associated flags S4 and S5 are entered to the picture encoder 163. The

- two flagsabdeandtEoebpy tige eiromde s igmidls taae skitr $6_af sedtgnin arlliclepdet
first field[n] defined in MP9&. The detailed structure of the encoder- 163
will be désoesbed sinesezdibnfigldThendnddeed ineasstafeaths20ens fdgddsi earea o
the recording nmedium 164. The specific enbodinent. explained herein
i s agai nisndespdndalome omeh oftkegi @ur shawsodar hig-4he PBef gthkiRRe™Ie t he
class of the so-called MP@L (main profile at main | evel), of MPEG 2. That
is, the r@PéwﬁﬁﬁhFBPfFﬁgn?bﬁeaf_th?r%?f?%?%iﬁYanb???%%_%%?ﬁiﬂ?ﬁef??(ﬁﬁ
te)ﬁlz(r)]a ﬁgt ﬁé%lééageﬁf'\%gerel'hpfeidefé)sogg ggilcg‘fagggl, da%jd Iel %u%f I)Ifc{:ﬁ’\gta. scg: Llflt‘rg
values or the square sum is found. The two sums of the absolute
values are compared to egch'other'and the.DCT mode corre§ponding
.té the smaller value is sét. If the former is smaller, the frame
DCT mode is set and, if otherwise, the field DCT mode is set.
The data of the confiéuration-cqrresponding to the selected
DCT mode is outputted to the DCT circuit 58, wﬁiie a DCT flag
specifying the selected DCT mode &s dutputted to the variable
length coding circuit 58.
~ On chparison of.the frame/field prediction mode in the .
predictién mode switching circuit 52 (Fig.46) to the DCT mode in
tﬁe.DCT sﬁitching cifquit 55 (Fig.47), it is seen that the-daté
sfrucfures of the luminance block in the two modes remain
'substantially the same.
If-the frame prediction mode (the mode in_whiéh éven lihes
#nd odd lines exist together) ié selected in the prediction mode
switching circuit 52, the probability is high that the frame DCT
.mode (the mode iﬁ.which even lines and odd lines exist together)
be sihilarly selected in phe DCT mode switching circuit 55. On-

the other hand, if the field.prediction mode-(thg mode in which

‘even lines and odd lines are isolated from each other) is



‘Meanwhil e, if the above MPEG encoding standard is used in picture signals
of the PAL (Phase Alternation by line) system it is prescribed that field
repetition in the sequence of the PAL systemis to be prohibited by the
B-picturé. - The irregular telecine pattern as descri bed above appears in
the above PAL 42 system and needs to lgg coped with appropriately. This
I's now explained by referring to Fig.30. In Fig.30, it is up to the encoder
to decide where field repetition is to be done for encoding the

obj ectiongbl ectededyl athpatpeédiction N mddee spiesbmhg ewbwdiintent2, fkbed
repetition is scheduled to occur at an I-picture or at a B-picture. That
is, with areegbibitycomthighnghatether yeldr DEEtnede Ashsheofei An FYisbA,
encodi ng can be done without contraveni ng the above rul e by schedulingFthe

set of fieves CHmBscomndi mddy Livpd rafset ispdated drom e8FRe QINRTF X oPehe
P-picture as_shown . . . . ) :
similarly sélected in the DCT mode switching circuit 55.

However, this is not hecessarily'the case and the prediction
mode swifching circuit 52 sets.the mode for mihimizing the sum
of absolute values of predictién errors, while the DCT mode
switching circuit 55 seté the mode for optimizing the encoding

“efficiency.

Tﬁe I-picture data outputted by thelDCT.mode switching
circuit 55 is supplieq to the DCT circuit 56 and thereﬁy DCTed
for conversion'into 5CT coefficients. The DCT coefficients are
supplied to the quantizétion circuit 57 and.thereby quantized at
quantizﬁtion steps cdrresponding'to the amounts of data storage
in the transmission buffer 59 before being supplied to the VLC
circuit 58. | '

The VLC circuit 58 converts picture data (data of I-
pictures) from the quantization circuit 57, in accordance.with
tﬁe quantization steps (scale) supplied from the quantization
circuit 57, into variable length codes, such as Huffman COdes,
which are outputted to the transmission buffer 59f

The VLC circuit 58.is also fed with the quantization steps
(scales), prediction mode (mode indicating which of the intra-
coding mode, forward prediqtion_mode, backward prediction méde-

or bi-directional prediction mode has been set), motion vector,



in Fig.30B. Meanwhile, if the set of fields CFtp containing the field

- repeti-tion corresponds to the B-picture during encoding, the above rule is
vi ol at ed. Thus the scheduling is done for avoiding such encoding, and the
sequence‘thus scheduled is routed to the encoder 105 of Fig.19. In.the
non-interlaced picture re-constructing ciggcuit 104, reconstruction of the
encodi ng franmes of field picture sets DF, 1nclusive of the picture type
schedul i ng as described above, is perforned, and three sorts of flags

‘picture_ chdi ngrediypeionopfiagst (fiagl dép¢cafivingpethickiraf ¥hel dfrgmare
outputted and routed along with picture data to the encoder 105. An

i |l ustrat pvedéghiphemede ugr nhhe ﬁoﬁlanEPﬁa@éHOPrﬁﬂﬁec&&%xﬁ?%ﬁl%ﬁ?bU|§nd

configured as shown in Fig.12 is nOM/epra|ned |n det ai | ustrat.i
algor|thnﬁfngJ@aggnéfﬂﬁg @@ﬁggﬁgﬂp@nw@ﬂcph@ thp; frame Dé¥] e or h

field DCT mode has been set) from the quantization cifcuit 57,
_predlctlon dec1s1on clrcuxt 54, mot1on vector detectlon 01rcu1t
50, predlctlon decision circuit 54 and the DCT mode SW1tch1ng
circuit 55, respedtively, for variable length encoding.

- The tfansmission buffer 59 tempbraril& stores the input data
aﬁd'outputs data:oorresponding to the stored data volume to the
quantization circuit 57.

If the residual data volume in the transmission buff 59 is
increased to an upper tolerable limit value,.the transmission
buffer increoses the.quaﬁtization 5ca1e_'by o.-quontization
control signal for decfeasing the data voiuﬁe of the quantized
data{ Convefsely, if the résidual datafvoiume in the transmission
buff 59 is decreased to a lower tolerable Iimit value, the
tfansmission buffer decreases the quantization scale by a
quantization control signal for incroaéing the data volume of the
quantized data. Thio prohibits the overflow or underflow in the
transm1ss1on buffer 59 from occurring.

: The data stored in the transmission buffer 59 is read out
at a pre-set timing so as to be outputtod on the transmission
path via an output terminal 69 for storage on, for example, the
recording medium 3. . |

The I-picture data outputféd'by the quantization circuit 57



non-interlaced franes fromthe flag S22 in case of enploying the circuit of
Fig.12.is shown in Fig.33: The flag "picture coding type on line 7 _
denotes the frame encodi ng net hod designated by the downstream si de encoder
163 showh in Fig.4. The present algorithmdiffers fromthe al gorithm shown
g p g g
in Fig.17 with respect to the AND condébions on lines 7 to 11. |In
the instant enbodinent, the condition for repeat_first_field[n] being 1
in the algorithmof Fig.17 holds if additionally "picture coding typeg" is
ot her thamreB-pupplied THe f bowtéeumantizsebpongiimguid t hd%l YBETEhnt of 1S
Fig.33 is shown in Fig.34. In this figure, .the co_ndit,ionst CND1L 'CN%%S
of Fig. 33dequeadiErd is @IsCOTSIdCE v thi dhe AURDY IR oDy S 1R FYPPARSTS of
Fig.34. The remaining steps. of, Fig.34 show vari ables, n, s firsgt, .. top_
First. {QPa njEhe [ opuartierien © FHEFALh]  odnd partier npRfSian OF ' tHEP-
illustratiyve exanple.is shown.in Bigs. 31 and 32, of whi Jd0: :
) . ¢ ' : a-t

t he resuldtesq“aé’f%lz&%sl(?ﬂ SitAEH N f"lf)mgLS £6) f'rilfelérsto filel'dr'n Shd rep(zﬂz?taﬁs)
first_ fi eclid c,n i'tf ¥1 %%f%arﬁet 'i%mitDcﬁledasand' supplied via an adder 62 to

a forward prediéﬁion picture unit 63a of a frame memory 63 for

storage therein.

When processing picture data of sequentially entered variou;
frames as the I, B, P, B, P, B, ...pictures, the motion vector
detection circuit 50 processes the initially "entered frame
picture as an I-picture and, before processing the picture data

IR
of the next frame as a B—picﬁure, processes the picture data of
the frame succeeding the next frame as a P-picture. Since the
B-picture ié likely to be accompanied by backward prediction and
forward prediction, it cannot be decoded if the P-picture as_thg
backward prediction picture is not provided in advance.

Thus the motion vector detection circuit 50 starts
prdcessing picture data of the p—picture stored in the backward
originél picture unit 51c. - As in the above case, the macro-block
based evaluation value of the intra—coding mode and the macro-
block based ihter—frame difference (prediction errors) are
supplied from the motion vector detection circuit 50 to the
prediction decision circuit 54. The prediction decision circuit

54 is responsive to the sum of absolute values of the predicpion

errors and the evaluation value of the intra-coding block on the



that-of Fig.15 by the algorithmof Fig.33. Fig.32 shows the results of
judgnment of top first_ field, repeat_first_ field and pattern by the

al gori.thm of Fig. 33, The deference of Fig.31 fromFig. 15 resides in theé
fdct thaf, in Fig.15, pattern=15 for repeat_ first_ field=1 at n=15, that
is at, "?" at the 15th field of Sl1, such fglgat the | one field 44 is
reaned whereas, in Fig.3% since picture_ coding _ type designated by the
field "?" is B-picture, repeat_ first_field is not set to.l. In the

algorith”&@kr%L%l%%k blsis féU's%QeoBelgffﬂﬁefiﬂaﬂg $redictlibat mbapeat the.
- firstfield becones 1, at which tine pattern=5 and the field "i" is renoved.

The di ff errarqe qa‘re'il&t?a_%rﬂ‘ muadi ghd 6oheSbHeshien 1meaf—eerdm}gatmoden degtié,
pattern=5 for repeat_ first field=1 at n=4, that is at "C' at the fourth
field of Sbmwmnﬂqp&hmﬁc&henlmmﬁefiekd'"Bheimapenebédpkwhereas;hbszig.32,

since picture_ coding L
. When the 1ntra—cod1ng mode is set the processing unit 53
sets the switch. 53d to the contact a as described above.
Simila;ly to the I—picture.data, these data are.transmitted via
the DCT sQitching circuit 55, DCT circuit 56, 'quantization
circuit 57, VLC'circuit 58 and via the transmissicn buffer 59 to
the transmission path. These data afe also suﬁplied via the
dequantization circuit 60, IDCT C1rcu1t 61 and the adder 62 to
a backward predicticn picture unit 63b of the frame memory 63 for
storage therein.
For the forward phediction mcde,"the switch 53d is set to
a contact b, while pictupe data stored in the fofward'prediction
p1cture unit 63a of the frame memory 63, herein the I-picture
data are read and motlon—compensated by the motion compensation
circuit-64 in accordance with the motion vector outputted by the
motion vector detect1on circuit 50. That is, if the settlng of
the forward_ prediction mode is commanded by thelfprediction
decision circuit 54, the motion compenaation circuiﬁ.64 reads-out
the.readoht_aeress of the forward pfediction picture unit 63a
with a shift corresﬁonding to the motion vector from the position
corresponding to the position of the macro—block being outputted
- by the motion vector. detecﬁion circuit 50 for generatihg.

prediction picture data.



— type designated by the field "C' is B-picture, repeat_ first field is not
set to 1. In the algorithmof Fig.33, it is for n=6 for a field "?" that
repeat firstfield beconmes 1, at which tine pattern=2 and the field "?" is

renoved. *In Fig.31, the field "i" is inherently a conbination of producing
the field "I" and the non-interlaced fra®. In the algorithmof Fig.33,
the field "i" is renoved due to linmtations that repeat first_ field is

not set to 1 for the B-picture. The reason is that the fieids "h" and
"I"are conbinegnto fo5dn & NON- 4 id@lIdAcek tfd aBRt pititeld | Synott hienhaoenbhy

correct, so that, en the field "J" and "j" are conbined to forma :
non-interkagapdnkaemen thechiel e4"is hes to hr satiero58he | Fhe hided. 5Bhus,
in the instant enbodinent, in distinction fromthe algorithmof Fig.1l7, a

frame suf sabtngectsomthewerpraiat iidre epiotiing efibitei erfoyem entike t omgd ion

produced at back or ahead of the frane where repeat first_field is 1

(frame ||chmpgﬁsﬁtgpglpirguétt§4 corresponding to the macro-block from
data of the macro-block of the reference picture supplied from.
the prediétion mode switching circuit 52, and outputs a resulting
differenbe; ' This difference data is transmitted to ‘the
transmission channel via DCT mode switching cifcdit 55, DCT
cifcdit 56, - quantization <circuit 57, VLC circuit 58 and
‘transmission buffer 58. The difference data is also loca}ly.
decoded by the'IDCT‘egpcuit 61 and eupplied to the adder qz.

The adder 62 is_ also fed with the same data; as the

prediction picture deta supplied to the adder 53a. The adder 62
adds the prediction picture data from the motion compensation
circuit 64 to the difference data outputted by the IDCT cireuit
61. This éives picture data of the original decoded P-picture.
The picﬁure data of the P—picﬁure is.supplied to.the backward
predictien picture unit 63b of_the frame memory 63 for storage
‘therein. Since in effect the data structure of the difference
data outpdtted by the IDCT circuit needs to 5e the same as the
data.sﬂructure of the prediction—pictdre.data, it is necessary'_
to provide a circuit for re—arraying data in reediness.for a case
in which the frame/field prediction mode differs froﬁ the
ffame/field DCT.mode. This eircuit; ﬁoweﬁer, is omitted for

simplicity.



45 the limtation that repeat first fleld I's not to be. 1 for the .
B-picture. This deficiency may be effectively coped wi'th by raising the b|t
rate for the frame. The lone field not.constitutirng the non-interlaced
‘frame is'detected as described above and rennved Referring again to Fig.4,
the Qutput field signal S26 fromthe nondgnterl aced franme detection unit
178 is converted by the scan converter 1 in the input sequence into a
frame picture S203. It is seen- that, in the enbodi nrent of Figs.31 and 32,
"|" in S26 is Ateed rare daeandar yhe tt-pwtﬁﬁeruﬁdnaiheaphpamumechave bsen
constructed at an interval of two fields outputted-on the basis of the
above patéesred The tiviputmahname i 520Be afolrvsed gesoti cttioth olisgars2anifd68as
are entered to the picture encoder 163. These two flags S24 and S25 may. be
encoded usidighepadkvand miedidition mesdanre pinidt 63Pel APFPEGERVRY i ﬁhe
MPE&R. The encoded bitstream S204 fromthe encoder 163 is stored.,in
storage neeties 16actohedabesting &bbﬁ?b@uéosﬁﬁﬁﬁuFﬁsFFBe4pF§°8§EFHFn58r

the B-picture. The prediction decls1on circuit 54 setg the
frame/field prediction mode responsive tq the value of the sum
of absolute differenceé”of the inter-frame differences and the
evaluation value of the macro-block based intra—-coding mode. The
prediction decision circuit 54 also sets the prediction mode to
~one of the intra—coding; forward prediction, backward prediction
or bi-directional prediction modes.

For the intra-coding qr forward-prediction mode, the switch
53d is set to the contacts a of b. The prccessing is §imi1ar to
that for the P—pictﬁre océurs for transmitting data.

.For the backward prédiction mode, for which the switch 53d
is set to its contact c, picture data stored in the backwérd
prediction piéture unit 63b, herein the P—pictu;e, is read out
and motion—ﬁompensated by thé motion compensafion circuit_64 in
adcordance with the motion vectof outputted by the ﬁotion vector
detection circuit 50. That is, when the backward prediction mode
is commanded to be set by thé prediction decjsion circuit 54, the
motion compensatioh éiréuit-64 shifts the readout addrgsses of
the backward prediétién picture unit 63b from ‘the position
corresponding to the position of the mgcrofblock being outputﬁed

by the motion vector detection circuit 50 in" an amount



Fromthe storage nedium 164 of Fig.4, an encoded bitstream signal S205 is
provided via a termnal 176 to the picture decoder 165. In he picture
decoder 165, a franme signal S206 is reproduced fromthe encoded bitstream
s¥gnal S205. The picture decider 165 will be explained subsequently in
detail. For each frame of the franme signglg S206, a first flag S10 _
specifying fromwhich of top field or bottom field a picture 46 is to
. be displayed, and a second flag SIl, specifying that the field has been
renoved, HE dHHEhg ThSE thads mdtQ oand v@ktoar eiassoedaredtwi t pehbeat | ags

S4, S5 or S24, S25 explained in connection with the explanation for the
encoder . pfoeedi dtriore mife tree fdetre. si gnal S206 is converted by the scan
converter 166 into two fields of the field signal S207, that is top
fiel d9wand botTthem ririeslict iam omtigttureontdedial eoutPrtEest r 8¥s phet uPetdpPspl ay
of the field signal S207 by the flags S10 and
- compensation circuit 64 is fed to an adder 53b. The adder 53b
subtracts the bredictibn picture data from the motion
compensation circuit 64 corpesponding to the macro—block from
data of the macro-block of the reference picture supplied from
the prediction mode switching circuit_sz, ana bgtputs a resu{fing
difference. This difference data is transmitted to the
transmission channel via DéT‘mode switéhing circuit 55, DCT
circuit 56, quantiga}ion circuit 57,J VLC circuit 58 and
transmission buffer 59. .
For the bi-directional prediction mode in which the switch.
53d-is set to .its contact d, data of the picture stored in the
forward prediction picture unit 63a; herein the data of the I-
picture, ana data of the picture stored . in the packward'
prediction picture unit 63b, herein data éf the P-picture, are
read out and motion—coﬁpensated by the moﬁiop compensation
circuit 64 in accordance with the hofion'vgctor odtputted'by thé
motionlvector'detec£ion circﬁit:SO. That is, when the backward
prediction mode .is commanded to be set by the prediction decision
circuit 54, the motion compensatioﬁ circuit 64 shifts the readout
addresses of the backward prediction picture'unit 63b from the

position corresponding to the position of .the macro-block being

outputted by the motion vector detection circuit 50 in an amount



S11. Wen the flag S10 is 1, top_ field is outputted first, whereas, when
the flag S10 is 0, bottom. f|eId is outputted first. If the flag S11 is 1,
one preV|oust decoded and reproduced field is interpolated. . For exanple,
an initially, outputted field,.as commanded by the flag S10, is iteratively
outpytted. In such case, the tmo flags_S10 and S11 may be real i zed usi ng
top first_field and repeat  first fidPd defined in MPER. In this manner,
a signal S208 is outputted on the basis of the signal S207 and the flags

S10 and Sll.,Jhis, gﬂéﬁgg 208 s f| aqgf%%edv%Qt%r”Dth0§§&§Z gg Eggﬁg§§éng

by an out put- contr i s speC| y shown in F

four "exanppesdiddigistigad@urO WY S corresponding to the encoded
bitstreams of the sequences explained in connection with Figs.6 to 9,

respectively. AﬂI‘hé“tﬁterditdtViQ)rEXEﬁﬂHtQqu tda’ aPi GutpR teRE0dBY 168eshavBibA
compensatlon circuit 64 is fed to an adder 53c. The addér 53c
subtracts the predlctlon picture data froﬁ fhe motion
compensation eircuit 64 corresponding to.the macro—ﬁlock from
data of the macro-block of the reference picture supplied from
the'mqtioh vector-detection circuit 50, and outputs a resultihg
difference. This difference data is transmitted to the
transmission channel via DCT mode switching circuit.SS,'DCT
circuit 56, quantiiation eircuit 57, VLC circuit 568 and
transmission buffer.59. .

Since. the picture of the B-picture is net ‘used as a
refereqce bicture for other.pictures, it is not.sfored in the
frame meﬁory 63. |

| In the frame memory 63, the forward prediction picture unit
63a and the backward prediction picture unit 63b are bank-
switcﬁed.whenevér the necessity arises se that.data stored in one
of these units-is‘selectively outputted as the forward prediction
picture or as the backward pfediction picture for a given
reference pxcture |

Although the foregoing descr1pt10n has been centered about-
the luminance blocks, chroma blocks are similarly processed and
transmitted in terAS'of macno—blocks'shown.in Figs,46 and 47 as

units. Fof the motion vector for processing chroma blocks,



47 Fig.4 is explained by referring to Fig.39. The enbodi nent of Fig.39

I npl enments the hybrid encodi ng nethod consisting in the conbination of
not i on-conpensated inter-frame prediction and DCT wi-dely known in MPEG. An
i nput noving picture signal S203 -is supplied at a terminal 360 of

Fi g. 39. Each frame is encoded by any o of three nmethods of |-pictures,
P-pictures or B-pictures. -In case of a conposed of 12 franmes, as shown
in Fig.25, a frame 12 is encoded as an |-picture, while frames BO and Bl

are encodgeh fsn avEe Pbss UEBraRthed ddsd dtfed Slindesk dslaclks pibalved The
frames B3, B4, P8, B6, B7, P11, B9 and B10 are then encoded in this order.

The pi ct uhegehtedé Nngnnbbhad the ocsrrtisdh loindyhar pzentieb éhceqthgnﬁypere
‘designating circuit 371, which outputs the signal S7. This signal S7 is
entered templopedon vector estimation circuit 370 where inter-frame notion

vector is detected. Mdtion vector estimation is perforned by .pattern
mat chi ng bet weBpferring to Fig.48, showing the constructlon of

embodiment of the decoder 31. in a .block v1ew, picture data
transmitted over'a transmission,channel_(recording medium 3) is
received by a reception circuit, not shown, or reproduced by a
reproducing unit. .The ptcture data is then transiently stored
in a reception buffer 81 via an inbut terminal 81 and thence
supplled to a VLC c1rcu1t 82 of a decoding circuit 90. The VLC
circuit 82 var1ab1el }ength encodes data supp11ed from the
reception buffer 81 end outputs the .motion vector, pred1ct10n
mode, prediction flag and the DCT flag to the motion compensat1on
circuit 87 while outputting the quantlzat1on step and the
decoded plcture data to the dequant1zat10n circuit 83.:

The dequant1zat1on. circuit. 83 dequantlzes plcture data
supp11ed from the VLC cireuit 82 in accordance with the
quantization step supp11ed from the VLC clrcu1t 82 and outputs
the dequantized data to an IDCT circuit 84. Output data of the
dequantization circuit 83 (DCT coefficients) are IDCTed by the
IDCT circuit 84 and thence sdpplied to an adder 35.

If the picture data supplied from the IDCT circuit 84 is the
.I-—p1cture data, the da.-ta..is outputted by the adder 85 "and
supplied to and stored in a forward prediction picture unit 86a

of the frame 86 for generating prediction picture da.ta. for



reference frane and a current 16 pixel by 16 I'ine macro-block. That is, a

sum Ef of absolute values IAj - Fijl of the difference bet ween t he
signal Aij of the current macro-block and the signal Fij of an arbitrary
‘bl ock indicated by a notion vector, that is Ef = [err]IAj - Fijl is found.

The notion vector detection circuit 370 #Lputs the notion- =~ 48 vector
I nformation S43 for which Ef becones mni A notion conpensation

inter-frame/intra-frame prediction circuit 367 outputs a.prediction picture

si gnal S90,;rgad. 0 e KRbkRE WERkiIG e\fﬁ%tz%rd itdf QAR S33 Ak addsr 86
calculates the difference between signals S203 and S90 to take out a

predi ct ed presp fug-gighalred91. Ihet h@ad gnal iisé Nduepuesean dt piact fioemat
prediction is not nmade and the input noving picture signal S203 is dlrectly
conversion c1rcu1t 32 (Fig.43).

,If the picture data supplied from the IDCT circuit 84 is the
data of the P—picture-haVipg the picture data of the directly
previous frame as the predicpion picture data, and is data of the
ﬁacfo—bléck encoded with the forward prediction mode, picture..
data of the directly pfevious frame, stored in the forward
prediction unit §6£.of.the frame memory éG,’is read.out and
motion—compensatéd by a motion compensation circuit 87 in
accordance with the motion yectdr outputted by the VLC circuit
82. The adder Ss'adds the motion—-compensated data to picture
data Supﬁlied from the IDCT circuit 84 (difference data).- The
resulting data, that is the decoded p—pictufe data, is supplied
to the backwafd prediction -picture unitIBSb of the frame memory
86 for generating prediction picture data for picture data
subsequéntly supplied to the.adder 85 (data of fhe B-picture or
P-picture). |

Similarly to the data qf the I—picture,_the data of the
macrb—blqck encoded by the intra—-coding mode are not specifically
procéssed by the adder 85 and directly stored in the backward
pfediction picthre unit 8§b, even although.the date is the P-
plcture data. | .

If the plcture data supplied from the IDCT circuit 84 is

data of the B—picture,_picture data of the I—plcture.stored in



out putted The predicted restdue signal S91 is processed by a DCT circuit
362 with two-dimensional DCT. If predictionis not done, it is the original
signal that is processed with two-dinensional DCT. The DCT coefficients are
scal ar - qtﬁant I zed by a quantization circuit 363. The resulting quanti.zed
outpyt is Huffman-encoded by a variablgs length encoding (VLG ci rcuit
368. The quanti zation step Q and the notion vector information S44 are
Huf f man- encoded on the frame basis by the VLC circuit 368 on the

macr o- bl ogkeb@si-wardhpréaastishgpaksusé andtt Beaab@vensefriaoredehbags 854
and S5 are Huffrman-encoded by the VLC circuit 368 on the frane basis. A

buf f er 36%fsrpthdangdefbther fib eward purteiddc tdwnambdensand £ orp igttarmee da tiaf
overflowis likely to occur, the buffer 369 operates to feed back that
effect and thecPeniebure hetqua@tuzathtarba@twd gfredimpd iqquaiGtage gmit

circuit 363 while decreasing the amount of the. information outputted
fromthe §&&nt9%attihen Erpeei meyegy 86 (fOI‘ the case of the backward

'predlct1on mode) are read out and motion—-compensated by the_
motiﬁn compensation circﬁit 87 in accordance with the motion
védior outputted by - the VLC circuit 82 for generating a
predictlon picture. If no motion compensation is required, as in
the case of intra—coding mode,' no prediction pictﬁre is
generated.

The mofion—comﬁe%sated data from the motion compensation
circuit 87 is addednby the adder 85 to an output of the IDCT
circuit 84. The aadition output is outputtéd via an output
terminal 91 to the format conversion circuit 32.

However, this sum output is data the B—picture and is not
used for generating a prediction picture for other pictures, so
that it is not stored in the frame memory 86.

After outputting the B—picturé, picture data of the P-
picture stored in the backward prediction picture unit 86b is
read out and outputted as playback picture via the motion
coﬁpensation circuit 87 and the addef 85. At this time, howeyer,
no motion compensation or addition is performed.

Although a circuit corresponding to the prediction mode
switching circuit 52 and the DCT mode switching circuit 55 in the

encoder 18 of Fig.45 is not shown. in the decoder 31, the



49 On the other hand, data outputted by the quantization circuit 363 is
fed to a dequantlzatlon circuit 364 where it is dequantized responsive to
t he quantization step Q supplied fromthe quantizati-on circuit 363. An.
out put of the dequanti zation circuit 364 is supplied to an inverse DCT
circuyit 365. for inverse DCT processi ng. Apgoutput of the dequantization
circuit 364 is entered to the inverse DCT circuit 365 where it is.inverse
DCTed. The decoded prediction residue signal S92 is entered to an adder

366. The phdeeslaing gt dftriyedyCthas ¢escdue, stlgnalisSAhe pppldest ing fhe
adder . 361 is supplied to the adder 366. The adder 366 adds the signal S90
.to the sipmstoStieg the sogdriguatadsonood| sypaeebiled @f cligre ldataf lifeissof
picture is the sane signal as the output picture on the receiver side.

Ref erri ngodd-Figbdg7and asenrfi@b@$at¢venekah6F@§1oFoéﬁééérﬁélaﬁdoéeG@dlng

of the noving picture signals are expl ained )
ex1stence of s1gnals of lines of odd-fields and even—-fields, is

carried out by the motion compensation circuit 87.
Although fhe processing of luminance signals has been
- . described in the foregoing, chroma'signals_are prbceséed in
.similar manner. The motion vectors employed for chroma signals
are.fﬁose for luminance signals halved in length'in both the
verticél and horizontal'direptions.

The threé sorts of flags from the prefpfocessing circuiﬁ 104
of Fig.4, that is picture_ codiné_ type, top_ field_ first and
repeat first_ fiéld, are supplied along with.picture.data to the
éncoding apﬁaratus 1 of the abqve—described.encoding/decoding
system for controlling _the frame or field sets as units of
encoding_fof achieving encoding in.acéordaﬂce with the encoding
frames corresponding td the oéiginal non—interlacéd picture. 1In
addition, the I-, P- and B-picture types are also contrplled for
avoiding encoding of the above-described field repetition as the
B-picture. |

| The preseht invention is not limited to the above-described
merely illustrative embodiments. For example,'a variety of:-

. different configurations of the irregular patten .detectidn

circnit or the non;intérlaced.piéture re—constructing circuit may

also be employed. 1f the above lone field is produce@ in the



in further detail. 1In these illustrative enbodi nents, picture signals are
.encoded for conpression by exploiting line-to-line or inter-frane
correlation of picture signals. . If the line-to-line correlation is
expl oi ted, picture signals can be further processed with, for exanple,

di scriete cosine transform (DCT) for data7&onpression. In inter-frame
correlation is exploited, picture signal can be further conpressed by
encodi ng. For exanmple, if ‘franme pictures PCl, PC2 and PC3 are

gener at ed saicdrid® ipadnt sht Fiéld set SR omprdRdnigSrepespedibhvefythassesdmvd in
Fi g. 40A, the difference between the picture signals of the franme pictures
PCl and P@Zeimls b deutatedst ougeedrand &rpnsfaree®Cid, exsostimgn i The
Fig.40B, while the difference between the picture signals of the frame

pi ct ures PACEsATY ROYestipngmagbehey bre agwlldgidated trengmisrierr af psgnpks
PC23, as shown in Fig.40B. Since pictures of franes of

_ without the” interposition of a recording medium.



tenporal | y neighboring frames are not changed so significantly from each
other, the difference signal produced on cal cul ation of the difference
between the two pictures is of a small value. Thus, s Shest HistBeerpReplacade PC12

“shown in Fi g.40B, a signal of a hatched portion of th of .
Fig.40B is obtained as the difference beygeen picture franme
pictures PCL and PC2-of Fig.40A. Simlarly, as for th ure shown
in Fig.40B, a signal of a hatched portion of the picture PC23 of Fig.40B is
- obt ai ned awmiaTha sdicifaamencg shet ween picture signals of the frane pictures
PC2 and PC3 of Fig.40A. The anmount of the codes -can be conpressed by
encodi ng tthi s @i piietenees sggahlenddsling metifodoiinywhhehdi & @riéﬁ@é‘esﬁgnapgi S
transmitted, the original picture cannot be restored.  Thus the pictures
of respectrinpsiufaeshby eorVer § Hig d@nTind amece s picd usespiptareats RAnEi§1ldn

I ntra-coded picture or |-picture, a predictjvely QO?S?BEiCtU e lcture

and a bi - ArSATChERCP 6&dang dremorthe Bigskt dre &8 régiﬁgﬁges& ng
e e i, bt o AP BeRORER LY BubkATRg Fhobe
interlaced pictures into sets of field pictures each beginning"'
from thé second field of each interlaced picture are combined
toéethér t§ an inpﬁt picture signal for encoding,. comprising:
a detection step of detecting a'lpne field not constituting
the non-interlaced picture in said input picture signal; and
an encoding step of re—constructing the picture strihg of
said input picture éignal,into a non—interlaced picpure string
and encoding the resultihg non—interlaced picture stringl
'.2. The picture signal engoding method asic}aimed in claim 1
whefein; in said;detection step, said lone field not constituting
the non-interlaced picture is _detected by checking the
éorrelation between a field of the input picture signal and a
neighboring field.
. 3. .The picture signal encoding method as claimed_in claim 1
wherein, in said detection-step, the correlatioq between paired
"neighboriné fields is foﬁnd_from tﬁe correlation between an i’th
iihe'of the first field ,and an i’th line of the second field and
fhe correlation between a j’th line of the second field and a
j+1’st line of the first field and said lone field is detected

-on the basis of the correlatidn.

T



51 unit, as shown in Figs.41A and 41B. - The picture signals of the | eadi ng"

respectively. The fourth and the following frames F

frane F1 are encoded as an |-picture, while picture s Been Réplacglecond
‘and third frames F2, F3 are processed as a B-picture m n |cture,
4
h

processed as B- pictures and P-pictures. 7 picture signals of the

| -picture, picture signals of one frame of the I:-picture are di
transmtted. As picture signals of the P-picture, basically t

ernately

rectly
he

di fference.fromhehe ifcetrgrar ad 1 gn4r cenoading mrtHodiad uc bsimed ehnodédiand

transmtted, as shown in Fig.38A. As 'picture signals of the B-

pi cture,

basi cal | ywheeednf, f dnene®id r dataehhonalsted.ofthe teopes bat iopretBesnf Ltafe or
a tenporally succeeding frane is found and the difference is _encoded and
transnitt 64rrg8@tsiovld napdy mbre ki gasso o nnduiepe; |fighdsit dst i5ssti d@iple

of the nethod. for

checking whetﬁer or not the current field is said lone

field.

5. The picture signal encoding method as claimed in claim 1

wherein, in said detection step, the -detected. lone field is

removed and a fifst flag specifying that. the lone field

has been

removed is generated and a second flag specifying, for each

. picture—encoded frame, which of the first field or the second

field is displayed first in a picture, is generated.

6. The picture signal encoding method as claimed in claim 5
L. # .

" wherein, in said detection step, said fifst flag is appended to

the header information of a'past or future frame temporally

neighboring to the removed field and having sfronger correlation

with the removed field.

7. The piéture.signal encoding method ‘as claimed in claim 5

wherein; in said detection step, the first flag specifying that

ihe lone field has been removed is prohibited from being set to

s

1 and appended as the headef.information for the frame being

‘encoded in case of bi-directional predictive encoding of an

object picture.

8. The picture signal encoding method as claimed in claim 6

wherein, in said encoding step, said first and second flags are

encoded as the header'information of each frame for encoding.

9. The picture signal encoding method as claimed in claim 8

/‘_—_

AN



encodi ng noving picture signals. Specifically, Figs.42A and 42B ifTustrate

frame data of noving picture signals and-transm t Tigckhbd AREREAR Biaced
‘respectively. In Fig.42, since the first frame F1i :

| - pi cturé or as a non- |nterpol ated franme, it is di mnjm aﬂﬁ ted on a

~ trangm ssion chancel as transm ssi.on datagF1X (non-

transm ssion data). As for the second frane F2, processed as a B-pi cture or
as an interpolated frame, the di fference.fromthe mean val ue between the

t enpor al | wheredinqusi ff,r aive §did@ndntbaihgnpoeal | theuctioedt nfjldg aspeé&Bfyinger -
frame encoded non-interpolated franme) is found and the resulting 52

di f f er encd hieg tth&néml?t Ededd hasnbeentremaiad s rsats¥ot tledndnepppbfiadeds -
frame data) F2X. More specifically, there are four different nodes, for

processi nghes hagses: |G| onmet g e ey Brameiheing redederd- P bt beRe bR s-

The first mpde directly transmts.data of the
subaect is in intra-coded or forward-predlctlvely coded s

10. A picture signal encoding method in which a picture string
produced by ¢onverting non—-interlaced pictures into sets of field -
pictures each beginning fromwthe.firsé_fiela nf each interlaced
;icture and another picfure string produced by converting non-
interlaced pictureslinto seté of field pictures each beginning'
from the second field of each interlaced picture are combinéd
together to an input picture_signal for encoding, comprising:

a detection step of detecting, from said input :picture
signal,1from which of the first field or the second field begins
the set of field pictures corresponding fo one of - the non—
interlaced pictures; and

an enéoding step of re-constructing the pipture string of
said input'picture signal into a non—intgrlacéd picture string
and encqding tne resulting non—interlaced picture string.

11. The picture signal encoding method as claimed in claim 10
wherein, in said detection step, tne correlation between two
paifed'fields beginning from the first field and two paired
fields'beginning from -thg éecond field, irfwhi;h a pre—set field
of the input picture signals is contained as a reference field
in each of the two paired fields, islcompared'to eﬁch other, the

'two_paired fields ha?ing'higher correlation are judged to be the

"« ¢ L M .85 %



original frame F2 as transm'ssion data F2X as indicated by a broken-line
arrow SP1 (intra-encoding node). The processing is simlar to that for the
| -picture. The second node cal culates the difference fromthe tenporally
succeedi g frame F3 and transmits the difference as indicated by a :
brokgn-line arrow SP2 (backward predictith node). The third node transnits
the difference fromthe tenporally previous frane Fl-as indicated by a
broken-line arrow SP3 (forward prediction node). The fourth node generates
t he diff epeteedbiietsn colreelspiopdiakl yo heyiregs 1&ramenin ewl adred pdepourgl |y
succeeding franme  F3 and transmts the difference as transm ssion data.F2X
(bi - di recendnéheprediétsonf npddgmett ishewerufted. nodes, the node which
mnimzed the transm ssion. data is enpl oyed on the macro-hl gck hasis. Wen
transnittlAg t RBedPirkrencEigard, epRadipEi BAthedt 8F KILefiPEHh ﬂﬁecgﬁéai dti on

picture, that iis the notion vector between the.forward edi cted fr s F1
and F2 an¥P§reiRe hB{FHH ARRSHE 100 &R BnSUm f’ﬂea %%k'g{ re Cluperse(?if?gg‘&

L Fsdi%?%reﬁ%bls_ ti)gtlvgeré’j‘r?sn@itgth%% r%ln%ngixéé hof gefgg&geém tq.?éfhg the
two fields is used as the correlation and wherein the paired
fields having the .smaller sum value is judged to be the péiréd
fields correéponding to thé regular non—interlaced picturet
13. The picture sigpal encoding method as claimed in claim 10
wherein, in said re—constfucting step, a flag specifying from
which of the first'?i%id or the gecond field begins the set of
paired fields of'the.picture.stfing of the input pictdre signals
corresponding to the non—interlaced picture is outputted.

14. A picture signal encoding method for encoding input picture
signals havihg irregular combinations of the firsﬁ and second
fields constituting a non—interlaged picture, comprisipg:

a check step of checking the correlation bétween a given
field and a neighboring field.of the input picture signals;

a storage step of storing the results of detection; and

a decigion step of judging the combination of fields making
up a non—interiaced picturé of the picture string of the input
picture sigﬁals in accordance with the stored check resulﬁs.
15. The picture signal encoding method'ﬁs claimed in claim 14
wherein, in sﬁid detection.step, the correlation between paired‘

neighboring fields is found from the correlation between an i’th

I ——————
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. As for the frane F3 of the P-picture (non-interpolated frane 53 of
dinter-frame prediction), the difference signal fromthe tenporally
previous_ frame F1 as the prediction picture, as indicated by a
brokeén-1ine arrow SP3, and the .notion vector x3, are cal cul ated, and
trangmtted as transmtted data F3X (forwgod prediction node).
Alternatively, the data of the original frame. F3 is directly transmtted
as transmtted data F3X, as indicated by a broken-line arrow SP1 -

(i ntra-codiing efdthe firstthisld-apl @nuridthadiing phetBeprecopd figkd and
particul ar nmethod of transmission whjch reduces _the transnitted data yol une
to a | ar géheegeaRelad 198 deta@edn & ht Hact o8| BEK thEsiSecoftke f'f_‘r@a‘rﬂaal qﬂfyo?‘

manner S0 taet naRemods e dard trbke ek dnd e 4t Tp ST o, S dhye
are produ%%qthgi%a%§ss%%w§h%nc%gg%§%&§%hye construction of an apparatus
16. The picture signal encoding method as claimed in claim 14
wherein said input picture signals are obfained on converting an
.original:"24—picture—ffame—picture into a 25—ffame—per-second
video signal.
17. A picture signal encoding method for gncbding input picture.
signals having irregular combinations of the first and second
fields constituting a nonfiﬁperlaced picturé, comprising:

a step of removing-a'lone.field not constitﬁting a non-
interlaced picture from the-input picture signal for producing
an output picfure signal with a léwered picture rate from the
input picture signal;

.a step of produéing a first processed bicture'string by
modifying the pictufe'éequence of the output picture signa{; gnd

a step of insérting a pre-set picturé into the first
-processed picture string for producing a secbnd processed picture

.string; | -
18. The picﬁﬁre signal encoding method as claimed in-glaim'17
wherein the subéidiary information for picture processing is -
appended to said second pfoéessed picture string.
18. 'The picture signal.gncoding method as claimed in claim 17

wherein the subsidiary information includes

L



for encoding, transmtting and decodi ng noving picture signals in
accordance with the above-described principle. An encodi ng apparatus 1
encodes input picture signals and transmts the encoded signals to a
recording nmedium 3 as a transmi ssion path for recording thereon. A decoding
apparatus 2 reproduces signals recorded 0g; @ recordi ng nmedi um 3, decodes
and outputs reproduced signals. In the encodi ng apparatus 1, input picture
signals VD are supplied via an input termnal 10 to a pre-processing .
circuit 11 whemefitst sf bagapsicad viimigo thati tlae denend iedldono & epns 51 {ehytdm
signals) which are A/D converted by A/D converters 12 and 13, 54

respect i velaid rpac ipterdesed gistyreahpscbresr fEAOKFIE hen&/ D converters 12,
13 to digital signals, are supplied to a frane nenory_14 for..stqrage ..’
therein. - In ehes5onfke hbar sreeafving, whedhed <t aflﬁémg'lﬁéﬁoro% 15%nd

a chroma Sslegcr})%ld ffriae r{%mi):%ybe displayed first in displaying the encoded

picture. - |
20. The pic£ufe signai eﬁboding methbd.as ciaimed in claim 17
- wherein said input picture signals #re obtained on converting an
original 24-picture—ffamg—picturé into a ZSFframe—per—second
video signal. |
Zi. A picture signal encoding apparatus comprising:
detection means for detecting a_lone field not constituting
a non—interlaced_piéiJ;e'in an input picture signalj
lone field removing means for removing the deteqted lone_
field from said input picture signal; and
encoding means for constructing the picture string of the
input pictufe signals from-a sequence freed of the lone'fields
and for encoding fhe resulting pictufe string.
22. A picture signal encoding apparatus as claimed in qlaim 21
wherein said detecting meAns detects a lqne field not
coﬁstituting a non—intérlaced -picture pfoquced at an edit_point
on coupliﬁg a firstlfield sequence and a second field sequence'-
together by editing, said first sequence being obtained on
. convertingzxnbn-interlaced.picture in said input picture signals

into two fields beginning from a first field of an interlaced

picture and said second sequence being obtained on converting a

* [ L M - *



16 store |lum nance and chronma signals, respectively. A format conversion
circuit 17 converts frane-format signals, stored in the franme nenory

14, into Dblock-format signals.  That is, three picture signals stored in
the frame nenory 14 are in the formof frame fornmat data conprising V lines
each,consisting of H dots, as shown in Fi g24A The format conversion

circuit 17 slices the 1-franme.signals into n sli'ces each consisting of 16
| i nes Each slice_is divided into macro-, bl ocks, as shown

EachlnacrBQBTbBReFéaﬁﬁaepaﬁtBFeldﬁ]ﬁéﬁge%ﬂ&ﬁﬁﬂ%1%%H?%sﬁbﬁﬁ?ﬂ§F%8t§gEf€
44C. T '

G Vi ded’| RLBLBECRRETRTHTE  Bran i “Setondoney i Mg MR s iR A puldopdy

. dot Iun1n%20e %PgnﬁkétéPS §§§§§éaEﬁgo&%ﬁg Eﬁgagglugbaé'Qﬁ%h%e%nan%ﬁaQQI Cr

signal s e da us conveé I'nto ormat data is supplied from

the O b ,CQRGEISIONs £14C Wt b itng afle &8 0dRE 118 chaidhrd esrenadedngs
w il be explalned subsequently with reference to Fig.45. The signals
encoded byhbRRe2nsPdfdt BcarteAUt PUEi1€UiA% ®ield sequence extending from
the current field to future fields is a lone field not
constituting a non—interlaced picture.
24. A picture signal encoding apparatus comprising:
. dgtection means for detecting a lone field not constituting
a non—interlaced pictufe in an input picture sign@l; and
re—constructing means.-responsivé to an output of said'
detecfion means for re—-constructing the picture striﬁg of said
" input éicture signal reéponsive to the output of said detection
means and for outputting fﬂe re—constructed picture string.
25._ The picture signal encoding apparatus as claimed in claim
24 wherein said detecting means détgcts a lone field not
constitut{ng a nonfintérlaced picfu;e produced at an edit poiht
on coﬁpling a first field sequence. and a second field sequence
together by editing, said.:fipst sequence being obtained on
convertingeLnon—interlaced.piéture in said input‘pictupe sigpals
'into two fields beginning from é first field of an interlaced
picfure and said sécond sequencé being obtained on converting a
non—interlaced picture in sald input picture signals 1nto two

f1e1ds beginning from a second field of the 1nter1aced picture.

26. The picture signal encoding apparatus as claimed in claim

[ ]
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bitstream on a transnission chancel so as to be recorded on, for exanple,
-recording medium 3. 55 The, data reproduced fromthe recordi ng nmedi um 3
is supplied to a decoder 31 of the decoding apparatus 2 for decoding. The
decoder 31-will be expl ai ned subsequently in detail by referring to Fig.48
The data decoded. by. the decoder 31 is sapplied to the format conversion
circuit 32 for conversion fromthe block format data into frane format

dat a. The ransp;o n@% | um nance signal are provided to a | um nance signal
frame nen% CHRLIEE T ane menory 33 for storage therein, while chroma

signals are supgdlé\egnéomgaggr@gg S i nfe’ AW NBEDE Yt S i@ﬁestoéage from
therein. The | um nance signals read out fromthe.lum nance signal frane

menory 34gapnd 1hsuehp poBusé 08agsal gad out fromthe chroma signal frame
menory 35 are D/ A converted by D/ A converters ‘36, 37, respectively, and

said re-constructing means reconstructing a picture string
of the input pictnre signals from a fiéld seduence freed of the
ione fields from said remoning means and -encoding the re-
constructed oicture string. _ _ e
27. A picture signal encoding apparatus for encoding input
picture signals having irregular conbinétions of the first ann-
second fields'constituting a.non—interlaced picture, comprising:

check means for checking the corrélation‘between a fielq and
a neighboring field ‘of’ the input picture signals; ‘

storage means for storing the results of detection; and
decision means for judging the combination of fields making up
‘"a non-interlaced plcture of the picture string of the input
picture s1gnals ‘in accordance with the stored check results
28. A picture signal encoding apparatus for encoding input
picture signals having iqregular'combinations of the first and
second fields constituting a non—-interlaced picture, comprising:

means for removing a lone field not constituting a non-—
interlaced picture from the input picture signal_for producing
an output picture signal with a lowered picture rate from the
input picture signal;

means for producing a first proccsscd picture string by

modifying the picture sequence of the output picture signal;. and

* c L M S *
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thence supplied to a post-processing circuit 38 for synthesis. The _
resulting output picture signal are outputted at an output termnal 30 to a
di spl ay, ,such as CRT, not shown, for display. An illustrative construction
of the encoder 18-is explained by referring to Fig.45. Picture data
supplii ed for encoding via an i-nput termrg4d 49 are entered on the
macr o- bl ock basis to a notion vector detection circuit 50, which then

processes the frane picture data as |-, P- or B-pictures .. n acggrda ith
a pre-set sequdfé®s FPTi sLFEESHE by WRFERSEE t‘ﬁb"trqr,'e P-mgr0 B—gglectﬁgggwt he
sequentially entered.f | ¢t ar P; AGESH Le8XAPLEret hE
gr oup- of-pﬁ%‘icuersessedi ﬁg'%??gtée)tdrbryé ??szmg?oltg%cﬁggé%ear e%g%’égé’ggeﬁ B 56 gg I

B, P. B, Rtpind P- as shown in Fig.-41. The picture data of a frame .
processed as. an |-picture, such as a frame Fl, is transmtted fromthe

nmotion vectdr detLEAdON recording medium having recorded thereon encoded

picturé signals produced by coupling a first field sequence and
a second fieldlseqqence together by editing, said first sequence
being obtained on converting a non—ipterlaced'picture in said
input picture signals into two fields beginning from.a first
field of an interlaced picture and said second éequence_being
obtained on converting a_non—interlaced picture .in said input
picture signals into two fields beginning from a seéond field of
the inperiaced picture; wherein it is detected frdm the input
pictufe signals from which of the first fieId or the second field
begins the set of field,pictures corresponding to one of the non-
.interlaced pictures, said-p;éture_sfring of the input picture
signals being re—constructed into a.non—interléced.picture_string'
based upon the results of detection. |
30. A picture signal deéoding method comprising tbe steps of:
| decdding #ignals obtained on'encoding picture signals after
removing a lone field not constiéuting.a non-interlaced picture;
and |

interpolating a field picture in a position of the removed
loge field based uﬁon the sign#I from said decoding means. -
31. A.pictﬁre signal decoding,apparatué comprising:

méans for decoding signals obtained on encoding picture
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circuit 50 to a forward.original picture unit 51a of the frane menory 51
for storage therein, while the picture data of -a frane processed as a

B-pi cture, such as a frame F2, is transnmitted to a reference original
picture tGnit 51b, and the picture data of a frane processed as a P-picture,
such.as a frame F3, is transmtted tgg backward original picture unit
51c for storage therein. Wien a picture of a frame to be processed as a B-
picture such as the frane F4 or as P-pigture, such_as ‘ F5, IS

" ent ered aflgﬂgfﬁeﬁ%tﬁrm ﬁ‘@‘fm}S?%u?ea]cf’aﬂeg gfe{‘genloi%r s‘forﬁ%{%%{ f?a§n%)nF39,
so far st I e rd iginal picture unit 51c, is transferred to
t he forma?éggfégfﬁglpg?gpﬁgé ﬁﬁ?t 51la. On the other hand, picture data of

the next B-pi ehuaﬁs(féﬁ%fﬁpdﬁaﬁ% §dsr by1 @VSI Wit & il of BEsEOLVAISE the
~original picture unit 51b, while picture data of the next P-picture (frane

FS) is steemdved awireM £te1di Bakha hasdavatHe Oiignadl Prémuseidnidecdudlihg
Thi s sequence of operations is perforned repeatedly. The signals of the
respecti veepnetures stored in the frame nmenory 51 are read out therefromso
as to be processed with fane
32. The picture signal decoding-apparatus as claimed in claim
31 wherein sad encoded signal includes:

a first flag specifying in the header of each encoded frame
that the lone field not constituting sai@ non—-interlaced picture
has been removed; and |

a second flag specifying whether the first field or the
second field is to Bé.hisplayed'first in_displaying the encoded
picture; and wherein '

'said interpolating means receives the first flag and the

second flag and interpolates a field of a parity specified by he

second flag when the first flag is 1.

-
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prediction node or field prediction node by a prediction node switching
circuit. 52. The respective picture signals are al so processed by .a
- processing unit 53 with the intra-codi ng node, 57 forward-prediction
node, backwar d- prediction node or  bi- directional prediction rode,
under, . control by a prediction decisi 88 circuit 54. Wich of these
pr ocessi NS IERE isTcigal ENCORNG MEHOD BND APPARATUS kS IGRAE RECORDING

associ at i MpphgM) ANDE P IGTURE STCNAE DEICHENG INETHOB ANR APPARATUSe bet ween
the reference signal and.the prediction picture. = Thus the nmotion vector

detection circuit 50 generates the sum of absdl ute val ues of prediction
error signals used for such decision and the eval uation-val ues of the

i ntra- codigpgTiage corresponding to the prediction error signals on the
macr o- bl ock basis. The square sum nmay be enployed in place of the sum of

thg absol ute val paetultlee sfigag® BheddthkOmnebREE aﬁdﬂﬁf\ﬁlfaeﬂ)ﬂcwﬁdlﬁtrimg
rode i produced.by convertlpg non-interlaced pictures into sets of field
pictures each beginning from the first field of each interlaced
piéture and aho@her picture string produced b& converting non-
interlaced'pictures'into.sgts of field pictures each beginning
from the sécona field :of each interlaced piéture are combined
togefher to an input piétupe signal- for encoding, is_disélosed.
The ﬁethéd includes a detecfion steb of detécting_a lone field
not conétituting the non-interlaced picture in the input picture
signal, and An encoding sﬁép of re—constructing the picture
string of the input picture signal and encoding the resulting

non—-interlaced picture string.
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the prediction node switching circuit 52 are now explained. If the frane
prediction node is set, the prediction node switching circuit 52 directly
out puts four |um nance blocks Y[1] to Y[4], supplied fromthe notion vector
detection circuit 50, to the downstream side processing unit 53. In such
case,; data of lines of even fields and data of |lines of odd fields -
co-exist, as shown in Fig.46A. In Figs.4§z¥gnd 46B, solid |ines and broken
| ines in each macro-bl ock represent data l.ines of an odd field (lines of
the first field) and lines, of an even field lines of the second field),
respectively, while a and b in Figs.44a and 46b specify wunits of notion

conpensati on. In the frane prediction node, prediction is nade in terns
of four -l um nance bl'ocks (macro-blocks) as a unit and each nbtion
vector is 58 associated with four lum nance blocks. If the field

predi ction node is set, the prediction node
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switching circuit 52 causes |um nance bl ocks Y[ 1] and Y[2] of four

| um nance bl ocks of the signal entered fromthe notion vector detection
circuit 50 in the configuration shown in Fig.46A to _be constituted only by
dots of ,*for exanple, odd field line dots, while causing the remaining two -
|'um pance bl ocks Y[3] and Y[4] to be constituted only by data of |ines of
~even fields. The resulting data is out p?t gd to the processing unit 53. In
such case, one notion vector is associa é with two | um nance bl ocks "Y[I]
and Y[ 2], ~and anot her notion vecter—s.gssociated with the renai ning two

| um nance bl ocks Y[ 3] and \?T4]. ®, predi ction node, chronma

] 3 a state in_which data of

|l i nes of odd fi el ds—anrd—date of (H—res or—seyen f ds co-exist, as shown in
Fig.46A. In the field predictiomvwde, uppdy hpkf portions (four lines) of
the chroma blocks Cb and Cr_are cht-ons gial s pE an odd field . :
correspondi ng to the Tun nance W‘ d &] , While |ower half
portions (four lines) of the chromaBlacks—h Cr are chroma signals of

an even field correspordi-agst 0 th o¢ks Y[ 3] .and Y[ 4], as shown
in Fig.46B. - .
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The notion vector detection circuit 50 generates, in the prediction
decision circuit 54, the evaluation values of the intra-coding node and the
sum of abgol ute val ues of prediction errors for determ.ning which of the

i ntra-codi ng. node, forward 59 prediction node,

backward prediction node or the bi-directional

froward prediction node,

prediction node and whi ch of

the frame prediction node or the field pBgglgcti on node are to be used for
respective nmacro-bl ocks, fromone nmacro-block to another. That i-s, as an
eval uation value of the intra-coding node, a sum of absol ute values of the-
di fferences. between the signal of a macro-block of a reference picture to

be encoded Aij and its mean value, that is [err]IAij - (mean val ue of
Aij)j, is found. As the sum of absol ute val uesfpy Hldﬂr%[ oT rs of
forward prediction, a sumof absolute values of|the jﬂffprércks, et ween the
signal Aj of a macro-block of a reference pic.14€:a1@ uhe: i1
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signals Bij of a macro-block of a prediction picture (Aij - Bij), that is
[err]IAj - Bij]. is found. The sum of absolute values of prediction errors
of backwgrd prediction and bi-directional prediction is found in a sinlar
manner for each of the franme prediction node and the field prediction node
on the condition that the prediction picture is changed to a prediction
picture different fromthat for the forwaﬁﬁprediction. These suns of the
absolute values are provided to a prediction decision circuit 54 which
then selects the snmallest one of the suns of the absolute val ues’ of
prediction errors of forward prediction, backward prediction -and

bi -directional prediction for each of the frane prediction node and the
field prediction node as the.sum of absol ute val ues of prediction errors
for inter-prediction. The sum ofgabsolute values of the .60 prediction
errors of the inter-prediction i Lalso conpared to the
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eval uation value of the intra-coding node and a smaller one is selected.
.The node associated with the thus selected value is selected as-the
prediction node and the.frane/field prediction node. That is, if the
eval uation value of the intra-coding node is smaller, the intra-codi ng node
is selected. |If the sum of absolute values of prediction errors of
inter-prediction is smaller, one of the §gggard prediction node, backward
predi ction node or the bi-directional prediction node having the small est.
val ue of the sum of the absolute values is set as the prediction node and
the franme/field prediction node.” As descri bed above the prediction node
switching circuit 52 provides the macro-block signals of the reference
picture to the processing unit 53.in the configuration shown in Fig.46
corresponding oho the frane prediction node or the field prediction
node as sel ect he prediction decision circuit 54. The notion vector
detection circuit out puts a notion vector between the prediction picture
and the reference re corresponding to the prediction node sel ected by
the prediction gloeﬁ," g rcuit 54 and provides the notion vector to a '
T
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‘length encoding circuit 58 and to a notion conpensation circuit 64 as |ater

“fields and the lines_ @i

expl ai.ned. For this nmotion vector, such a notion vector associated with -
the smal lest sum of absolute values of the prediction errors is selected.
When the notion vector detection circuit 50 is reading out .- 61 picture

data of the I-picture fromthe forward original picture unit 5la, the
predi ction decision circuit 54 sets the 6pd4a- coding node (node not
perform ng notion conpensation) and sets a switch 53d of the processing
unit 53 to a contact a. This rout gppipdiNTe data d the I-picture to a DCT
node switching circuit 55. The DCT node ‘switching circuit 55 sets data of
four | um nance blocks to a state in whych lines of odd fields and |ines of

even fields co-exist (frgnme e) 5 a at é'n i ch the lines of odd
en el ar _ : :
a b c d e f g
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isolated fromeach other (field DCT node), as shown in Figs.47A and 47B.
The DOT npbde switching circuit 55 then outputs the data to the DCT circuit
56. The DET node switching.circuit 55 conpares the encoding efficiency

whi ch woul d be achieved if DCT processing is done for. data conprising odd
fieldfdata and even field data together, to the encoding efficiency which

woul d be achieved if DCT processing is déA&4for data conprising
data and even field data separated fromeach other, and selects
wi th a higher ericoding efficiency. The input signals are set to

odd field
t he node
a state in

which the lines of the odd fields and EDET POINE of the even fields co-exist

as shown in Fig.47A. The difference bet n the signals of the
adj acent lines of the odd fields and even fields is cal cul ated,

of the absolute values orfg he [gquate supgis [fipundy 82 |k
f]' gl.&? h| --kl

- st
e
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Alternatively, the input signals are -set ‘to a state in which the lines of
the odd fields and the [ines of the even fields are isolated from each
other as ,shown in Fig.4B. The difference between the signals of the
vertically adjacent lines of the odd fields and even fields is calcul ated,
-and tshe sum of the absolute values or the square sumis found. The two suns
of the absolute values are conpared to et ot her and the DCT node
corresponding to the smaller value is set. If the former is smaller, the
frame DCT node is set and, if otherwise, the field DCT node is set. The
data of the configuration corresponding to the selected DCT node is
outputted to the DCT circuit 56, while a DCT fl.ag specifying the sel ected
DCT node is outputted to the variable length coding circuit 58. On
conparison of the fra f di-ction node in the prediction node :
switching circuit 52§Iﬁgs1meto rhe_DCT node in the DCT switching circuit
55 (Fig.47), it is see datag tructures of the |um nance block in

the two nodes remai n substantiall yt sane. |f the frane prediction node
‘(the node in which even Ihpgﬁ g
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and odd |ines exist together) is selected in the prediction, node switching
circuit 52, the probability is high that the frane DCT node (the node in
whi ch even lines and odd lines exist together) be simlarly selected in the
DCT node smntchlng circuit,55. On the other hand, if the field prediction
node ;(the nmode in which even |ines and odd Iines are isolated from each
other) 1is 63 selected in the predbga node switching circuit

52, the probability is high that the fiel DCT node (the node in which
even lines and odd lines are isolated fromeach other) be sinmlarly
selected in the DCT node switching circuit 55. However, this is not
nedessarily the case and the pr.ediction node switching circuit 52 sets the
node- for minimzing the sumof absolute values of prediction errors, while
t he DCT node switching circuit 55 sets the node for optim zing the encodlng .
eff|C|ency :

FIG.11



The |-picture data outputted by the DCT node switching circuit 55 is
supplied to the DCT circuit 56 and thereby DCTed for conversion into DCT
coefficignts. The DCT coefficients are supplied to the quantization circuit
57 and t hereby quantized at quantization steps corresponding to the amounts
of data storage in the transm ssion buffigy/439 before belng,aupplled to the
.VLC-circuit 58. The VLC circuit 58 converts picture data §(data of |-

pi ctures) fromthe quantization circuit 57, in acc ance wiFh t he
quantization steps (scale) supplied fron1the quanLgaatlon corcuit 57, into
vari abl e | ength codes, such as Huf f man codes, whi @h*=ar e outButted to the
transm ssi on buffer 59 The VLC circuit 58 is al $%afed wt® the

quanti zation steps (scal es), prediction node (nodan: di cati fig whi ch of the
intra- coding node, forward prediction node, backé&gd predi¥tion nDde or

bi - di recti onal predlctlon node has been set), nntuég_vectorg

QO
o5 PR 2
ouan < 1D N
®2k oo ?
S ~o . 50 Q
R § I |
ek =
Lo | > ' Wi o
] ]
; S
E & 3 . 520
BT SEE
] \ : Q
v L ! a03
| I : o
" : [
: >|8 0 N
S 198|4 | Y o
: °{;!£E T _ Ri 0.
¢ -1 ' N ' K
i 18 2 |8 S .
: = dJw
: L | <eEs| 8 N u (O]
! . |Foug N e
' ! Q"'Em m
H : zz.l zu" VfJ -
! . . o« o
! ' O O o N
] N [}
Y a% & P f E “
i 8 EJ"E : <
! g ! i o
N . =
: = : (=} o)
1 ] =z W O
! | ! Q |
- e \
. : E Sw
! | 3553
: » |BrEE| §
> 1 a2 Em &
O| n [}
§alals i L2
= N85 |o | JKS
a N ms :
= [Eg) N
< = ; YA
ml 1
w :

I

200
St
VIDEO
INPUT



64 the prediction flag (fl.ag specifying which of the. frane ,
predi ction node or the field prediction node has been set), and a DCT fl ag
(flag spgcifying which of the frame DCT node or the field DCT node has been
set) fromthe quantization circuit 57, prediction decision circuit 54,

noti @n vector detection circuit 50, prediction decision circuit 54 and the
DCT node switching circuit 55, respectilMef44 for variable | ength encoding.
The transm ssion buffer 59 tenporarily stores the input data and outputs
data corresponding to the stored data volune to the quantization circuit

57. If the residual data volune in the transm ssion buff 59 is increased to
. an upper tolerable limt value, the transm ssion buffer increases the
guanti zati on scale by a quantization control signal for decreasing the
data volune of the quantized data. Conversely, if the residual data vol une
in the transm ssion buff 59 is decreased to a |lower tolerable limt val ue,
the transm ssion buffer decreases the quantization scale by a

quanti zation control signal for increasing the data volune of the

1 var = 0;

-2 for(pix=0; pix<frame_horizontal_size; pix++) {
3 for(line=0; line<frame_vertical_size-2; line+=2) {
4 dif1 = F(pix, line ) - F(pix, line+1); ~ {a)
5 dir2 = F(pix, line+1) - F(pix, line+2); ++(b)
6 .
7 var += [difl .+ [dif2] ; o -+(c)
8 } ' : '
9 }

FIG.13



gquanti zed data. This prohibits the overflow or underflow in the-

transm ssion buffer 59 fromoccurring. The data stored in the transm ssion
buffer 59 is read out at a pre-set timng so as to be outputted on the
transm ssion path via an output -terminal 69 for storage on, for exanple,

t he r;ecording medium 3. The I-picture data outputted by the quanti zati on
circuit 57 65 are supplied to a dedddfti zation circuit 60 where
it is dequantized in accordance with the quantizati on steps supplied from
the quantization circuit 57. . An output of the dequantization
circuit 60 is supplied to an inverse DCT @DCT) circuit 61 where it is

| DCTed and supplied via an adder 62 to a ermard predi ction picture unit
63a of a frame nenory 63 for storage Eger i.n. When processing picture data
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franes as the |, B, P, B, P, B,-...pictures, the notion vector detection
circuit 50 processes the initially entered frame picture as an

| -picture and, before processing the picture data of the next frane as a
B-picture, processes the picture data of the frame succeeding the next:
framg as a P-picture. Since the B-picture.is likely to be acconpani ed by
backward prediction and forward predictil/44t cannot be decoded if the
P-picture as the backward prediction picture is not provided in advance.
Thus the notion vector detection circuit 50 starts processing picture data
of the p-picture stored in the backward original picture unit 51c. As in

t he above case, the _ngcro}block based eval yation|val we |of thg intra-coding
node ‘and the nacro- bl{ock| based i nte}|-frane différence (predifction errors)
are supplied fromthe |not{on vector Hdetectijon cincli t+—30-t o-tlhe-prediction
decision circuit 54. The prediction fecisidn cirquit=54 is-rgsPonsive to
the sum of absolute vglues of the prgdictign_errgrs and the gvgl uation
val.ue of the initra-cqding block on fjhe — | —— r=3l Rl ol
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66 macro-bl ock basis to set one of the frame prediction node or the field
predi cti on node and one of the intra-coding node or the forward prediction
node, frqm.one nacro-block to another. Wen the intra-coding node is set,
the processing unit 53 sets the switch 53d to the contact a as described
above. Simlarly to the I-picture data, these data are transmtted via the
DCT switching circuit 55, DCT circuit 564 mupntization circuit 57, VLC
circuit 58 .and via the transm ssion buffer 59 to the transm ssion path.
These data are also supplied via the dequantization circuit. 60, |IDCT
circuit 61 and the adder 62 to a backward prediction picture unit 63b of

the frame nenory 63 f?r ﬁporage t herei n. Fpr the, ferward predgiction node,
the -switch 53d is set|to ja contact & mhil@.pictjre‘da1a stofed in the .
forward prediction pi¢turfe unit 63a Ef the{framejngnory 63, herein the
| -picture data, are read jJand notion-|conpensated; by tire|motTo 1§0npensation
circuit 64 in accordafce with the nd{ion véctor output{ed bylthe
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notion vector detection circuit 50.- That is, if the setting of the forward
prediction node is comanded by the prediction decision-circuit 54, the
notion conpensation circuit 64 reads out the readout address of the forward
prediction picture unit 63a with a shift corresponding to the notion vector
from;t he position corresponding to the p05|t|on of .the mmero- bl ock being
outputted by the notion vector, detectict /; iarcuit 50 for generating

predi cti onlpi ct funetioat(d { 67 The prediction picture data outputted

by the  mation gpapensation circuit 64 is fed to an adder 53a. The adder
53a subtragts -theTopifRid ctf;ion picture data from the notion
conpensatign circuit 64 correspondlng to the macro-block fromdata of the
macr o- bIoc% of %ﬁgggﬁ nggce pi cture supplied fromthe prediction node
switching circuit d’butputs a resulting dlfference Thi s

d|ffer(_ance7 dat a transmtted to the

' (5221043 o= 1 &&

8 S$22[n+4] == 0 && | :
9 S22[n+5] == 1 && CND1
10 - 822[n+6]==0) {
11 CND:2
12 if (isTop_field == 1(\’
13 if (§22[n+1] == 1)—— CNDs
14 _ top_tfield flrst[n] 1, repeat flrst fleld[n] 1, pattern[n] =2;
15 else :
16 : top_field flrst[n] 1, repeat first fleld[n] 1, pattern[n] = 3;
17
- 18 wTop_ﬂdd 0;
19 }
20 " else {
21 it (szz[n+1] )/v CNDs
22 top_field flrst[n] 0, repeat_first_field[n] = 1, pattern[n] = 5;
23 eise
24 top_ fleld flrst[n] 0, repeat first_field[n] =1, pattern[n] = 6;
25
26 isTop_field = 1;
27 }
28 .
29 - n = n+3;
30
31 "}
32 else {
32 CNDs
33 - if(isTop_field == 1)/V ‘
35 top_field ﬂrst[n] 1, repeat_first fleld[n] 0 pattern[n] = 1
36 else .
37 - top_fleld flrst[n] : 0, repeat_first fleld[n] 0, pattern[n] =4;
38
39 n= n+2,
40 .
41 }
42 }
43

a4}

FIG.17



transmi ssi on channel via DCT node switching ciricuit 55, DCT circuit 56,
quanti zation circui't 57, VLC circuit 58 and transm ssion buffer 58 The
differengce data is also locally decoded by the IDCT circuit 61 and
supplied to the adder 62. The adder 62 is also fed with the sane
data; as the prediction picture data supplied to the adder 53a. The adder
62 adds the prediction picture data fromé/®4noti on conpensation circuit 64

to the difference farta outpul tThe TDCT circurt 61. Thi's pives picture
data of the originpl decoded Pfctyre. The picture data of thg P-picture -
is supplied to the}backward prgdettion picture unit 63b of thelframe menory
63 for storage the[ein. SinceaB $ifect the data structure of|the
di fference data oufputted by H_.Qt“ circuit needs to be the game as the
data structure of fhe predictilf.lE¢ture data, it .is necessary|{to provide a
) ) . . 17350 ) . )
circuit for re-arrfying dgta 'EE@ | flTe§s for a case in which the
frame/field prediction made di erg_-ﬂornthe frame/field DCT ripde.  This
ci.rcuit, however, |is omgited kﬁg_sﬁan|C|ty.
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68 After the dat a of the I-picture and the P—plcture have been. stored in
this manner in the forward prediction picture unit 63a and the backward
predictign.picture unit 63b, respectively, the notion vect 6r detection
circuit 50 executes the processing for the B-picture. The prediction
decigion circuit 54 sets the frame/field prediction node responsive to the
val ue of the sum of absolute differenceslnfd44a he inter-frane differences and
t he eval uation. val ue of the macro-bl ock based intra-codi ng node. The
prediction decision circuit 54 also sets the prediction node to one of t he
intra-coding, forward predictitm, pre® ction or bi-directiona
predi ction nodes. For the intrSEc di ng or jfforward pmedi ction node, the
switch 53dis set to the contactsja of b. |The p cégaing.is simlar to that
for the P-picture occurs for transm tQi ng - KJEhe backward prediction
nmode, for which the switch 53d is set%ﬁo s contaéﬁﬂb, pi cture data stored
in the backward ' :
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prediction picture uni t 63b, herein t he P-picture, is read out and

not i on- conpensat ed by the notion conpensation circuit 64 i.n accordance mnth
the notiqn vector outputted by the notion vector detection circuit 50. That
i s, when'the backward predi ction node is commanded to be set by the
predlctlon decision circuit 54, the notion conpensation circuit 64 shifts
the readout addresses of the backward pyg $9¥ﬁt|on picture unit 63b fromthe
position corresponding to the position o e macr o- bl ock bei ng outputted
by the notion vector detection circuit 50 in an anount 69 ‘correspondi ng
to the notion vector in order to generate prediction picture data. The.
predi ction picture data outputted by the notion conpensation circuit 64 is
fed to an adder 53b.” The adder 53b subtracts the prediction picture
data from the notion conpensation circuit 64 corresponding to the
macr o- bl ock from
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dat.a of the macro-bl ock of the reference picture supplied fromthe

predi ction node switching circuit 52, and outputs a resulting difference.
This difference data is transmtted to the transm ssion channel via
DCT node switching circuit 55, DCT circuit 56, quantization circuit 57, VLC
circuit 58 and transm ssion buffer 59. 9 4 he bi -directi®onal predlctlon
mode in which the switch 53d is set to i é ontact - d, data of the picture
stored in the forward prediction picture unit 63a, herei n the data of the
|- picture, and data -of the picture stored in the backward prediction

pi cture unit -63b, herein data of the P-picture, are read out and

not i on- conpensat ed by the notion conpensation circuit 64 in accordance with
t he notion vector outputted by the notion vector detection circuit 50.

That is, when the backward prediction node is commanded to be set by the
predlctlon decision circuit 54, the notion conpensation circuit 64 shifts
the readout addresses of the backward prediction picture unit 63b fromthe

position corresponding to the position of t[& DCH DPERTlg out put t ed
by the notion vector detection circuit 50 ip TﬁL '
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70 corresponding to the notion vector in order to generate _
prediction picture data. The prediction picture data outputted by the:
nmoti on conpensation circuit 64 is fed to an adder 53c. The adder 53c
subtracts ‘the prediction picture data from the npbtion conpensation
circuit 64 corresponding to the nmacro-block fromdata of the macro-block of
the reference picture supplied fromthegy#s on vector detection circuit 50,
and outputs a resulting difference. This - difference: data is
transmtted to the transm ssion channel via DCT node switching cifcuit
55, DCT circuit 56, quantlzatlon circuit 57, VRC CIrCUIt 58 and

transm ssion buffe pi cture of%the~E ett-ei i s not used
as a reference gi pictures, it Is
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In the frame nenory 63, the forward- prediction picture unit 63a and the
backward prediction picture unit 63b are bank- sw tched whenever the
necessity arises so that data stored in one.of these units is selectively
outputted as the forward prediction picture or as the backward prediction
picture for a given reference picture. Al though the foregoing description
has been centered about the |umi nance bl2dd¥4, chr.oma bl ocks are-sinilarly
processed and transmtted.in ternms of macro-blocks shown in Figs, 46 and 47
as units. For the notion vector for processi ng chroma bl ocks, 71
notion vectors for the associ ated |'um nance bl ocks, halved in magnitude in
both the vertical and horizontal directions, are enployed. Referring to

'Fig.48, showing the construction of -an enbodi nent. of the decoder 31 in
a block view, picture data
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transmtted over a transm ssion.channel (recording nmedium 3) is recei ved by
a reception circuit, not shown, or reproduced by a reproducing unit. The
picture data is then transiently stored in a reception buffer 81 via an
input termnal 81 and thence supplied to a VLC circuit 82 of a decoding
circuit 90. The VLC circuit 82 variable length encodes  data supplied
from the reception buffer 81 and out putzs'Z/[‘He notion vector, prediction
nmode, prediction flag and the DCT flag to the notion conpensation circuit
87, while outputting the quantization step and the decoded picture data to
the dequanti zation circuit 83. The dequantization. circuit 83 dequantizes
picture data supplied fromthe VLC circuit 82 in accordance with the
quanti zation step sSupplied fromthe VLC circuit 82 and outputs the
dequanti zed data to an IDCT circuit 84. Qutput data of the dequantization
circuit 83 (DCT coefficients) are IDCTed by the IDCT circuit 84 and thence
supplied to an adder 85. |f the picture data supplied fromthe |IDCF CIrCUIt

84 is the I-picture data, the data is dhtputﬁéd by the_adder 85 and.
supplled to and stored in a forward pr [
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of the frame 86 for generating prediction picture data for 72 picture
‘data subsequently entered to the adder 85 (data of the P- or B-picture). -
The data,is also outputted at a format conversion circuit 32 (Fig.43). If.
t he plcture data supplied fromthe IDCT circuit 84 is the data of the
P-pigture having the picture data of the directly previous frame as the
prediction picture data, and is data of23 4 macro- bl ock encoded with the
forward prediction node, picture data of the directly previous frane,
stored in the forward prediction unit 86a of the frane nenory 86, is read
.out and notion-conpensated by a notion conpensation circuit 87 in
accordance with the_notion vector outputted by the VLC circuit 82. The _
adder 85 adds the noti on- conpensat ed datato picture data supplied fromthe
IDCT circuit 84 (difference data). The resulting data, that i s the decoded
p-pi cture data, is supplied _ '
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to the backward prediction picture unit 86b of the franme nenory 86 for
generating prediction picture data for picture dat a subsequently supplied
to the agder 85 (data of the B-picture or P-picture). Simlarly to the data
of the I-picture, the data of the macro-bl ock encoded by the intra-coding
node ;are not specifically processed by the adder 85 and directly stored in
the backward prediction picture unit 86@4/@¥en al t hough the data is the P-
picture data. If the picture data supplied fromthe IDCT circuit 84 is data
of the B-picture, picture data of the I-picture stored in 73 the forward
prediction picture unit 86a of the frane nenory 86 (for the case of the
forward prediction node) and/or picture data of the P-picture stored in the
backward prediction piccture unit 86b of the frane nenory 86 (for the case
of the backward -




prediction node) are read out and notion-conpensated -by the notion
conpensation circuit 87 in accordance with the notion vector. outputted by
the VLC,; circuit .82 for. generating a prediction picture. If no notion
corrpensatlon is required, as in the case of intra-coding node, no
prediZtion picture is generated. The notion-conpensated data fromthe
-.notion conpensation circuit 87 is added 25/44e adder 85 to an output of the

| DCT circuit 84. The addition output is autputted via an output term nal
91 to the format conversion circuit 32. V@ this sumoutput is data
the B-picture and is not used for gener E“aredl ction picture for other

pi ctures, so that it is not stored in the f ame menory 86. After outputting
the B-picture, pictyre data of the P- picture stored in the backward
prediction pi cturﬁb \ b i read outfEand|@utp Gis fHaybatk picture

via the notion co Bl rcyit 8§1and hefaderg85 t thils time,
however, na notion n_or' addi't S rfo
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switching circuit 52 and the DCT node switching circuit 55 in the encoder
18 of Fig.45 is not shown in the decoder 31, the - 74 processing performed
by this gircuit, that is the processing for restoring the configuration of
'separatlon of S|gnals of lines of odd-fields and even-fields to an original
confijguration of co- existence of signals of lines of odd-fields and
even-fields, is carried out by the notidt/é4énpensation circuit 87. Al though
t he processing of |um nance signal's has been described in the foregoing,

chroma signals are processed in EPﬁibéﬂTﬂa”“er- The notion vectors enpl oyed
for chroma signals are those for '

the vertical and horizontal dlrectl ns. The three sorts of flags fromthe

pre-processing circuif, 104 é that ctu type, top_
field_ first and§1epef\f| t eI ar |ed Ion picture dat a
to the c 2| |
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encodi ng apparatus 1 of the above-descri bed encodi ng/ decodi ng system for
controlling the frame or field sets as units of encoding for achieving
encodi ng ;in accordance with the encoding frames corresponding to the
original non-interlaced picture. In addition, the |-, P- and B-picture
types-are also controlled for avoiding grcggi ng of the above-described
~field repetition as the B-picture. The présent invention is not limted to
t he above-described nerely illustrative enbodi nents. For .example, a
variety of different configurations of the irregular patten detection .
circuit or the non-interlaced picture re-constructing-circuit may al so be

enpl oyed. | f- the above lone field is produced in the 75 second field,
the field sets conprising repetition of the second fields may be
reconstructed and transferred to encodi ng. The present invention may also

be applied to transm ssion of signals
' EDIT POINT. -
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S ——

wi thout the interposition of a recording nedium 76 WHAT IS CLAIMED I S:
1. A picture signal encoding nethod in which one picture string produced
by convertihg non-interlaced pictures into sets of field pictures each
beginning fromthe first field of each interlaced picture and anot her

pi cture string produced- by converting nomﬁﬁkyfﬁlaced pictures into sets of
field pictures each beginning fromthe se leld of each interl aced

pi cture are conbi ned together to an input picture signal for encoding,
conprising: a detection step of detecting a lone field not constituting the
non-interlaced picture in said input picture signal; and an encodi ng step

of re- cohstructing the picture string of said input picture signal into a
d encoding the resulting non-interlaced

non-interlaceg pic ng an
picture string. 2. m si gnal .enc@di ng %@d inclaim
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"wherein, in said detection step, said lone field not constituting the
non-interlaced picture is detected by checking the correl ati on between a
field of ;the input picture signal and a neighboring field. 3. = The picture
signal encoding nethod as claimed in claim1 wherein, in. said detection
step,s the correl ati on between paired neighboring fields is found fromthe:
correlation between an i'th |ine of the?29744t field and an i'th line of the

second field and thejconrel ati on betwegn a j'ith |ine—of—tihe seqond field
and a j+l"'st line of{thg fifst field aad said lonelfiefd|is detlected on the
basis of the correlajion. 77 4. The pictjure sijggal gncodirlg method as
clained in claim1 whergin,|in said deiection'§tgp,'Thg:ddTTqration bet ween
the current field anfd pliural past or fUture flields|is usqd i n ghecki ng
whet her or not the cprrgnt field is sajjd longd Meld.»_ | ¥ __|__
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5. - The picture signal encoding nethod as clained in claim1l wherein, in
said detection step, the detected lone field is renoved and a first flag
specifying that the lone field has been renoved is generated and a second
flag specifying, for each picture-encoded frane, which of the first field
or the second field is displayed first i.n a picture, is generated. 6. The
pi cture signal encoding method as cl ai.m3@/44 claim 5 wherein, in said

detection step, said fiyst flag is appended to the header information of a
past or future frang tapporfarily nei ghboring|to the re#oYed fi¢ld and
havi ng stronger cornelajiorl with the rlenoved|field| 7. The pijcture signal
encoding nethod as-¢laipedjin claim5 Nhereinr—Ln-Eéfd—d t-ectd-pr—st ep, the
first flag specifying that |the |one filel d. has be¥n|renoved i ¥ Pprhi bited
from being set to 1|and| apgended as the headeryi nf prygati onfor [tge frame
bei ng encoded in cage of bij-directiong|—prgdictivel encgding of obj ect
pi cture. 8. The pijctufe gignal encoding ne{hod ag claifed injclaimb®6
-wherei.n, in said enﬂodihg qtep, said fliret_andssecpnd flags are <
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encoded as the header information of each frame for encoding. 9. The

pi cture signal encoding nmethod as claimed in claim8 78 wherein, if, in
said enceding step, the first flag specifying that the lone field has been
renoved is set to 1 and appended as the header “information for a frame
bei ng encoded, a picture in subject is in intra-coded or-

f or war-d- prqdlcthﬁﬁk ggged 10. A plctuPé élgnal encodi ng method in which
one plctur stri Qr ced by converting non-interlaced pictures into sets
of field p tureggF cq beginning fromthe first field of each interlaced
pi cture and anot H& E¥€ré'str|ng produced by converting non- interlaced
pictures iAo sets of field pictures each beginning fromthe second field
of each inSer| acewhife ¢EOFp {ar e combi ned together to an input picture si gnal
for encodi g, conprising: a detection step df detecting, fromsaid input

picture signal, frompbie &fdikdypé !B fmgfgngr&& e second field beg| ns

8 : S22[n+3] == 1 && _
9 . $22[n+4] == 0 && . CND11
10 $22[n+5] == 1 && :
11 - S22[n+6]==0 { :
12 - CND12
13 : if (isTop_field == 1(\' CND13 _
14 : if (S22[n+1] ==
15 top_field flrst[n] 1, repeat_first_field[n] =1, pattern[n] 2;
16 else
17 top_field_first[n] = 1, repeat_first_field[n] = 1 pattern[n] = 3;
18
19 . isTop_ ﬂdd 0;
20 -}
21 else { CND14
22 if (S22[n+1] == 1)/\’
23 top_field_firstin] = 0, repeat_; flrst - field[n] = 1 pattern[n] 5;
24 else
25 top_field_first[n] = 0, repeat_first_field[n] =1, pattern[n] 6;
26 .
27 : |sTop_f|eId 1;
28 }
- 29
- 30 n=n+3;
31
32 }
33 else {
33 CND1s
35 ' if (isTop_field = 1)/v
36 top_field_first[n] = 1, repeat_first_field[n] = D pattern[n] 1;
37 else
38 top_field_first[n] = 0, repeat_first_field[n] = 0 pattern[n] 4;
39 '
40 ns= n_+2;
41 '
42 }
43 }
44
45 }
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the set of field pictures corresponding to one of the non- interlaced

pi ctures; and an encodi ng step of re-constructing the picture string of
said input picture signal into a non-interlaced picture string and encoding
the resul’ting non-interlaced picture string. 11. The picture. signal
encodi ng method as clainmed in claim10- ' in said detectlon step, the

ava'

correl ati on between p-we—p ed oA gt field and
two paired fields bgginning fr m second field, in which a gre-set field
of the input picturg signals igucgnthined as a reference fieldlin each of
‘the two paired fields, is conp@ b each other, the two pairgd fields
wa ==} )
havi ng hi gher correlfation are jjwd@el|to be the 79 paired figlds
corresponding to the regul ar n¢# . LYEprlaced picture and the reqults of.
"~ judgnent is outputt?d. 12. ’r%@%diJrn si gnal encodi ng net hod jas cl ai ned
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~ Wwherein, in said detection step, a sum of absolute values of the

di fferences between nei ghboring lines of a frane constituting the two
fields ig used as the correlation and wherein the paired fields having the
small er sumvalue is judged to be the paired fields corresponding to the
regulsar non-interlaced picture. 13. Theiigﬁéure si gnal . encodi ng net hod as
claimed in claim1l0 wherein, in said red tructing step, a flag

speci fying fromwhich of the first field or the second field begins the set
of paired fields of the picture string of the input picture signals
corresponding to the non-interlaced picture is outputted. 14. A picture

-si gnal encoding nethod for encoding input picture signals having irregular

conbi nations of the firEA angsse end fikel ds onsg tut# g a non-interlaced
3 ol il

pi cture, conprisings2ey check| Ste ecking thé|corrglation between a
given field and a nei ghborithg fitdl d &f thé i nBut Tpty e signal's; a storage

step of storing the resgZTS*Er-direvrrunr—anf—a—dfcrern—step of judgi ng
t he conbi nati on of $i@l maldli ng qp alﬂon-jnt@rla %q pl cture of the picture

string of the input pic e stored check

results. st1 [0 Jo Jo |1 o o |
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15. The picture signal encoding nethod as clained in claim 14 wherein, in
said detection step, the correlation betmeen pai red nei ghboring fields is

f ound fron1the correlation between an i'th 80 line of the first fleld
and an i'th line of the second field and the correlation between a j'th .
line pf the second field and a j+1'st line of the first field and said | one
-field is detected on the basis of the cgargygati on. 16. The picture si.gnal
encodi ng nethod as clained in claim 14 wherein said input picture signals
are obtained on converting an original 24-picture-frame-picture into a
25-frame- per-second video signal. 17. A picture signal encoding nethod for
encodi ng i nput picture signals having irregular conbinations of the first
and second fields constFtuti

ng a non-interlaced pictureg, conprising: a step
of removing a |one {}el & .coﬁitit indla 1bn- J rK rp

f h il il K
so o lo Jo Jo i |1 1|
stt o o Jo |1 Jo Jo o

E [F & |0 |1 |0 |K
o * [T
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interlaced picture fromthe input picture signal for producing an out put

" picture signal with a lowered picture rate fromthe input picture signal; a
step of producing a first processed picture string by nodifying the

pi cture -sequence of the output picture signal; and a step of inserting a

pre-set picture into the first processegspiggture string for producing a

second processed pieture string. 18. The picture signal encoding nethod as

clainmed in claim17&herein the subsidiary information for- picture

processing is appen&bd to said second processed picture string. 19. The

pi cture signal codl ng nethod as clained in claim17 wherein the . '
subsidiary informatijon includes . 81 a first flag specifying that the | one
field not constgg &: said non-interlaced picture has been renoved; and
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a second flag.specifying whether the first field or the second field is to
be displayed first in displaying the encoded picture. 20. The picture
signal encoding nmethod as clainmed in claim17 wherein said i-nput picture
signals &re.obtained on converting an original 24-picture-frame-picture
intoia 25-frame-per-second video signal, 21. A picture signal encoding
_apparatus conprising: detection neans-faﬁ/détecting a lone field not
constituting a non-interlaced picture in an input picture signal; |one’
field renoving neans for renoving the detected lone field fromsaid input
pi cture signal; and encoding nfans for. constructing the picture string of
the input picture signals fronka sequence .-freed of the lone fields and for
encoding the resulting picture)string. 22. A picture signal encoding
apparatus as clainmed, fn clayt 2l pwerein said detecting neans detects a

| one field not constithlng \ nterlaced picture produced at an edit
point- on-coupling a_fitst fie juence and a second fjeld sequence
; . \ N -
oy -
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together by editing, said first sequence bei ng obtained on converting a
non-interlaced picture in said input picture signals into two fields
beginning froma first field of an interlaced picture and said second
sequence being obtained on converting a . 82 non-interlaced picture in
saidiinput picture signals into two fields beginning froma second field of
the interlaced picture. 23. The Qjcth%?éﬁtnmu encodi ng gpparatus as
claimed in claim22 wherein said getecting neans includesgneans faor
checki ng whether or not a currentTfieId inafield sequenie extendi ng from
the current field to future fields Is a ala

.l d mot constituting a

non-i nt erl acefpi \‘:\‘ﬁ \1\. ct ure’lsi.gnal -pp ratus conpri sing:
det ecti on. neapk f or .\\\Q\\\ Sne fllel d Mo "\‘\\\ a : .
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detection means for re-constructing the picture string of said input

pi ctur.e signal responsive to the output of said detection nmeans and for
outputting the re-constructed picture string. 25. The picture signal
encodi ng apparatus as clainmed inn claim?24 wherein said detecting neans
detectis a lone field not constituting a non-interlaced picture produced at
an edit point on coupling a first field 38ttnce and a second field
sequence together by editing, said first sequence being obtained on _
converting a non-interlaced picture in said input picture signals into two
. fields beginning froma first field of an interlaced picture and said
second sequence being obtained on converting a non-interlaced picture in
said input picture signals into two fields beginning froma second field
of the interlaced picture. 26. The picture signal encoding apparatus as
claimed in claim 83 24_confrising: : .
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renovi ng means for renoving the detected |one field fromsaid input picture
signal; said re-constructing neans reconstructing a picture string of the
i nput pigcture sighals froma field sequence freed of the lone fields from
sai d rendvi ng neans and encoding the re- constructed picture string. 27. A
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interlaced picture fromthe .input picture signal for producing an out put
picture signal wwth a lowered piceture rate fromthe input picture signal
means foy producing a first processed picture string by nodifying the

pi cture Sequence of the output picture signal; and - 84 means for
insergting a pre-set picture into the fir g{ocessed pi cture string for
produci ng a second processed picture str|ﬁ§ 29. A signal recording nmedi um
havi-ng .recorded thereon encoded picture signals produced by coupling a
first field sequence and a second field sequence together by editing, said
first sequence being obtained on converting a non-interiaced picture in
said input picture signals into two fields beginning froma first field of
an interlaced picture and said second sequence bei ng obtai ned on convertlng
a non-interl aced plcture i'n said input :
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picture signals into two fie'_l ds begi‘nning froma second field of the
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signals after renoving a lone field not constituting a non- interlaced
pi cture; and nmeans for interpolating a field picture in a position of the
renoved lone field based upon the signal from said decodi ng means. 32.The
pi cture Signal decoding apparatus as clained in claim31 wherein sad
encoded signal includes: a first flag specifying in the header of each
encoded franme that the | one field not c&ﬁgﬁﬁtuting said non-interlaced .-
pi cture has been renoved; and a second flag specifying whether the first
field or the second field is to be displayed first in displaying the
- encoded picture; and wherein said interpol ating neans receives the first
flag and the seconB. flag and int®rpolates a fi®ld of a parity speci fied by
he second.f |-ag—wheR—the—f itst—ft-ag—i-s—%- : '
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WHAT IS CLAIMED IS:

1. A picture signal encoding method in which one picture string
ﬁroduced by converting non—interlaced pictures into sets of fieldl
pictures each beginning from the first field of each.interlaced
picture and another picfure stfing produced by converting non-
interlaced pictures into sets of field pictures each beginning
from the secondifield of each interlaced picture are combined
together to an input pipture signal for encoding, comprising:
a detection step of detecting a lone field not constituting
.the non—interlaced pictﬁre in said input picture signal; and
an enqoding step of re—constructing the picture string of
said input picture signal into a non—interlaced picture string
and encoding the resulting non—-interlaced picture string.
2. The picture signal encoding method as claimed in claim 1
wherein, in said detection step, said lone field not constituting
the non—interlaced picture is detected Dby checking the
correlation between a field of the input picture signal and a
neighboring fjeld.
3. The picture signal encoding method as cléimed in claim 1
wherein, in said detection step, the cofrelation between paired
ne&ghboriﬂg fields is found from the correlation between an i’'th
line of the first field and an i’th line of the second field and
the correlation between a j'th line of the second field and a

j+1’st line of the first field and said lone field is detected

on the basis of the correlation.
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4. The picture signal encoding method as claimed in claim 1
wherein, in said detection step, the correlation between the
current field and plural past or future fields is used in
checking whether or not the current field is said lone field.
5. The picture signal encoding meﬁhod as claimed in claim 1
wherein, in said detection step, the detected lone field is
removed and é fifst flag specifying that. the lone field has been
removed is generated and a second flég specifying, for each
picture—encoded frame, which of the first field or the second
field is displayed first in a picture, is generated.

6. The picture signal encoding method as claimed in claim 5
wherein, in said detection step, said first flag is appended to
the header infdrmation of a past or future frame temporarily
neighboring to the removed field and héving stronger correlation
with the removed field.

7. The picture signal encoding method as claimed in claim 5
wherein, in said detection step, the first flag specifying that
the lone field has been removed is prohibited from being set.to
1 and appended as the header information for the frame being

encoded in case of bi-directional predictive encoding of an
object picture.

8. The picture signal encoding method as claimed in claim 6

wherein, in said encoding step, said first and second flags are
encoded as the header information of each frame for encoding.

9. The picture signal encoding method as claimed in claim 8
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whérein,.if, in said encoding §tep, the first flag specifying
that the lone field has been removed is set to 1 and appended as
the header information for a frame being encoded, a picture in
subject is in intra—-coded or forward-predictively coded.
10. A picture signal encoding method in which one picture string
produced by converting nonFinterlaced pictures into sets of field
pictures each beginning from.-the first field of each interlaced
picture and another picture string produced by converting non-
interlaced pictures into sets of field pictures each beginniﬁg
from the second field of'eacﬁ interlaced picture are combined
together to an input picture signal for encoding, comprising:
| a detéction step of detecting, from said input picture
signal, from which of the first field or the second field begins
the set of field pictures corresponding to one of the non-
interlaced pictures; and

an encoding step of re—constructing the picture string of
said input picture signal into a non;interlaced picture string
and encoding the resulting,nén—interlaced picture string.
11. The picture signal encoding method as claimed in claim 10
wherein, in said detection step, the correlation between two
paifed fields beginning from the first field and two paired
fields beginning from thg sécond field, in which a pre—-set field
of the ipput picture sigﬁals is contained as a reference field
in eaéh_of fhe two paired fields, is compared to each other, the

two paired fields having higher correiation are judged to be the
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