;§=..-é_ " '\N~& '#W§?53”3

. E., - ~. _ |

Lot ' \ ' ' . -

: 'j ' _ : : -

T;TLE OF, THE INVENTION . | .

P1btune;Signa1 Encodlqg Method and Apparatus, Slgndl Recording
‘Medlum and P1cture Signal Decodlng method and Apparatus

BACKGROUND OF THE INVENTION

This /invention relates to a picture signal encoding'hetﬁod

and apparatus, app11ed to encoding for recording or transm1ss1on

of moving picture s1gnals, a signal recordlng medlum having’ the
encoded picture signals recorded thereon, and a picture- 51gne1
decoding method and apparetus for decoding the encoded_pioture
signals. |

In a eysteﬁ for transmitting moving picture signals to
remote places, as dnf a teleconference system or televisioo
telephooe srstem, 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 unit, line correlation or. inter—frame correlation of

picture signals is utilized for h1gh—eff1c1ency compreSS1on

encoding of picture signals for 1mprov1ng . the recordlng'

efficiency on the recording medium.
That ie, if desired to record the digital video signals of

.an extremely 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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recording of video signals and for high efficiency decoding of

the read—-out signals. Thus a high—efficiency encoding system,

exemplified by a Moving Picture Expert Group (MPEG) systenm,

exploiting the correlation of video sigﬁais, has been proposed
for responding to these requirements; |

Fig.1l shows a prior—art'example of the system configuration
for encoding and decoding mbving piéture signals using the MPEG
system.
- In Fig.1, a field 'pictufe supplied from a video tépe
recorder (VTﬁ) 15861 is converted by alscgn converter 152 intp a
frame picfure which is enéoded by an encoder 153. With the MPEG
system, inter—frame”d{fferencés'are found of the video signals
for ldwering.redundancy along the time axis. SubSequently,
orthogonal transform techniques, such aé discrete cosine
trgﬁsform {DCT), are employed'for lowéring-redundancy along the
spatial axis, thereby‘efficiently éncoding video signals. The
encoded information may be recorded on a recording medium 154.

For reproducing a recofding medium, having recorded thereon
high—-efficiency eﬁcoded signals, reproduced signals are proéesse‘d

by & 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,IObtained from a film
picture, by a tele-cine technique using so-called 2-2 pull-down,

is supplied from a VTR 151.




t

;Vd

3

The 2-2 pull-down is a tele—cine technique extensi?ely used
in converting 24-picture~-frame—-per—second filnlpictureé into 25-
frame—per-second or 50—fie1d—per—sécond video signals in
accdrdance with the.so-called phase alternation by line (PAL)
system. This system consists iq reading out each picture frame
of a film in two vidéo fields by interlaced scanning.

-8ince 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 oﬁt a
picture film of a film with a Qideo frame by non—-interlaced
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 3:2 pgll—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 efficieﬂcy is high and hence nb.problem.is presenéed.

" If, with the conventional encoding gystem, 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
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. due to subsequent processing such as field editing, are supplied

from the VTR 151, the frame entering the encoder 153 is not

necessarily the 'non-interlaced frame, sO that;_ with 'the'
conventionatl encoder, the frame. encoding- efficieﬁcy is
undesirably lowered. This will be explained by referring'to

Figs.2 and 3.

In Fig.2A, non-—interlaced pictures Nf, such as fﬁcture
frames of a motion picture, are converted by 2:2 pull-down of the
tele—cine processing into interlaced pictﬁres of, for exémple,
the so-éalied PAL system. The sequence of the non-interlaced
filﬁ pictures shown in Fig;ZA is coﬁvefted 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 ﬁp 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
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'Fig.ZE. In the example shown in Fig.2E, a lone field Fx is

produced directly at back of the edit peint TE;
| The sequence shown in Fig.2E adverseiy affects the.picture
encoding efficiency, as now explained by referring to Fig.3.
',The.irreguiar sequence shown in Fig.ZE is encoded during
encoding as frames of combined rectangular framee CP as~shown in
Fié 3A. If the frame encoded corresponds to the combination CP1
constituting the non—1nter1aced frame of the. combination CP1 of
the original'picture, the encoding efficiency is high, as shown
in Fig.3B. Conversely, with the combinat..ion'CPz other than the
correct comb1nat10n of the non—1nter1aced.picture NF, the picture
contains strong highrfrequency components in 1ts edge portion,
as. shown in Fig.3C, despite the fact that the original picture
s. .the ncn—interlaced picture, thus lowering the- encoding
efficiency. In Figs.3B ‘and Sd, the encoding 'efficiency is
lowered in the caserof a picture representing a true circle
shifted transversely in the transverse direction.
As a techniqde for efficiently encoding a picture produced
by tele?cine processing as described above, tﬁere has hitherto

been proposed a method consisting of removing repeated fields

. frqm-thef2:3'pu11ed doﬁn pictures and subsequently COnstructiqg

the frames so that the input frames will become non-interlaced
frames. However, the lone field not consﬁituting the non-
interlaced framé, produced by the irregular 2:2 pull-down as

described above, is different from the iterative frame produced
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by 2:3 pull-down, and hence this technique cannot bé'employed for

solving the problem.
OBJECTS AND SUMMARY OF THE: INVENTION
In view of the.foregoing, thé'present invention achiévesA
high efficiency picture encoding even in cases wherein moving
pictures to be fnéodéd suffer from irregu;ér periods of the
paired fields constifutiné the'non-interlaced frames or contaiﬁ
lone frames not constituting the non—ihterlaqed.frame, as a
result of pnocessing,'éuCh as field editing, of the sequence of
thé non—interlaced frémés. Thus it is an object of the present
iqvention-to provide a picture ehcoding method and apparétus
whereby highly effic&ent encbding ‘'may be achiéved 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

encdded 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 signalélis éonstituted 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
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input picture signals into'two'fieids beginning from a first
field of an interlaced picture and a second field sequence

obtained on converting a non-interlaced picture in the input

"p1cture 51gnals into two f1e1ds beg1nn1ng from a second field of

the interlaced plcture are coupled together by editing, it is
detected from the input picture signals from which of the firsf
figld or the second field begins -the seﬁ 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
se;ond 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 this case, the
cofrelation of the péired fields is preferably found dn 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 b#sis of the
correlation. Also the currént field is preferably éhecked 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 to the
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current field!

: Responsive to the detection output, a . flag indicafing
whethsr the set of twd field piciurss dorresponding fo the non-
interlaced picture of the picture string of the input picture
signal begins with the first field or with the second field and
is outputted fo} controlling the éncoding.

By detecting whether a set sf- ﬁwo field pictures
corresponding to a non—-interlaced piciure begins .with the first
field or with the second field, snd rchonstrgcting the set of
field pistures- during encoding based upon the results. of
detectiqn, encoding may be ach;éved in which the set of two f;eld
pictures correspondihé to the original non—iﬁterlsced pic;ﬁre
corresponds to'a frame for enpodingf |

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l is a schematic block diagrhm'showiﬁg an arrangement

-of a conventional moving 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 }owsfing of the encoding
efficiency by an irregular sequencs pattern.

Fig.4 is a schsmatic 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'
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detection and removal of 1lone fields not coﬁétituting a non-—
interlaced picture.

Fig.B illustrates signals and ;flagé at various points
contaiﬁed in- a future sequence with respect to a lone field which
is the first field.

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 respect 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.10 is a flowchart for illustrating the 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 .
embodiménflof 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 qorréspgﬁding to the correct non-

. 4
interlaced picture.
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Fig.14 is a block circuit diagram showing an illustrative
example of a circuit for detecting the combination corresponding
to the correct non—interlace@ picture.

Fig:IS"ShOWS an exaﬁple of re—constitution of an inpﬁt frame
for detection; rémoval and input of a lone Hf;eld by the.
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 schématic block diagram of a picture signal

encoding apparatus according to the present invention.

" Fig.20  illustrates an irregular pattern in which the

combination of the sequences of non—-interlaced pictures is

_ disrupted.

Figs.21A, 21B and Zlc-illustrate the operation of detecting
regular'patterns. -

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
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by iteration of a previous field.

Fig.zs illustrates an illustrative example of a group-of-

picture. |

| Fig.26-is a flowchart for iliuétrating the operation of
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. |

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.
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Fig.34 is a flowchart for illustrating the processing
sequence for the algorithm of Fig.30.

- Fig.35 illustrates a picture output signal and.a flag

associated with the encoding bit stream shown in connection with

Fig.3.

.-fig.36-iilustrates 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 Signal and a ffag_
associated with the encoding bit sfream shown-inlcbnnecﬁion 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

construction 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 illustrate the principle of encoding moving

picture signals.

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

invention.
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Fig.44 illustrates the operation of format conversion of a
format conversion circuit 17 in Fig.40.

Fig;45 is a block diagram showing an example of eonstructien
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

ICOnstruction 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.é schematicaily jllustrates a arrangement of a picture
signal encoding and decoding system for picture signals embodying
the presentlinveﬁtion.

In this f1gure, an input mdving pfcture 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-

=
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interlaced frame detection circuit 172.'The n&n—interlaced frame
detection circuit 172 detects the combination of the first and
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 detegﬁion Circuit 172, as will be explained
sﬁbsequently.

Thé non-interlaced frame detection circuit 172 outbuts 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 aecaded 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 ferminai 178 so as to be

displayed on a monitor 167. These components will be explained
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in detail subsequently.

The configuration of the noh—interlacéd.'frame detecfion
circuit 172 of Fig.4, configured for detecting a lone field and
subsequently removing the detected lﬁne field, will be explained
by referring to_Fig.S.

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
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s2 1 for S308 = S309 and

82

0 for S308 < S309.

If S2 is equal to 1, it indicates 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
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field), so that the flaé S2 is 1. On the other hand, the first
field (top_ field) is correlated more strongly with the past
second field (bottom; field); so that the flag S2 is 0.

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
in Fig.5 based upon the flag S2. The detected ldne field is
removed by a field removing unit 218 from the input moving

.

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.
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A signal S5 is a flag specifying that a field has been

‘removed since time fp until two fields on the future side of the

time fp. The lone field detected at S3 is removed.
The s@gnallss 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 85

is 1 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 nbt 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 field is top_ field, processing transfers

to step 305 via node 303. If the result is NO, processing

transfers to step 316 via node 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
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YES, the processing transfers to step 306 and, if otherwise, to

~step 309.

At step 306, the signal S4 [fp] and the signal 85 [fp] are
set to 1 and 0, respectively (S4[fp] = 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 node 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
consﬁituting 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 tﬁen feverts to step 316 of fig.8 via node
304. ' ] |

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._
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At step 317, the flag S4 [fp] is set to O, while the flag
S5 [fp] is set to O (S4 [fp] = 0, S5 [fp] = 0).

At step 320, it is judged whether or not the signal 82 [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 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-interlaced 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 of Fig.1l0 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. 1In Fig.12,
the parts cofresponding to ;hose shown in Fig.5 are denoted by

the same reference numerals.
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: To an input terminal 200-of,Fig.12 is supplied the input
moving picture signal S1. of Fig.4. This signal S1 is
sequentially stored in field memories 201 to 203. Thus, if the-
current field, sﬁch as the n’'th field, is storéd ;n the memory
202, the (n - 1)st field, which is a past field, and a (n + i)st
field, whicﬁ is'a future'field, are stored in the memories 201
and 203; respectiveiy..

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 8322 represent.'tﬁe 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 whether 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 vaiue of the pixel in a frame

constituted by'the n’th field 8322 and the (n + l)sf field S323
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in the éélculating circﬁits 224 and.225,.respeCtiV61Y- "liné"
denotes the count value of_the nﬁmber of lines of a frame and is
Couﬁted up io a maximum value “framq; vertical_ size". The 0’th
line, that is "liné=0", and the first line, that is "line=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 a in Fig.13 calculates the line—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 inrthe equation 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 frame.

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

those for the absolute values of the equation g.

The algorithm of Fig.3 may be represented by hardware shown
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in Fig.11.

Referring to Flg.14, the sums Varl, Var2 of absolute values
of the differences between nelghboring lines are calculated for
field sets GF) and CF,. That is, as for the field set CF;, 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 data of respective lines of the second

field and the 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 sum Varl
of the absolute values of the differences betueen reSpecuive
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 circuit 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
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represent.the paired fields corresponding to the corfeét non-—
interlaced framé.. The reason for giving this judgment is that
the paired fields of the correct non—interlaced frame sufferé
from the high ffequency components near the edge to a lesser_
extent, The sum of the'absolute values, employed herein, may
be replaced by the square sum. That is, the absolute value
circuits 112{ 122 may be peplacéd by square circuits.

In the algorithm 6f Fig.i3, the signals S324 and S325 are

outputted by the calculating circuits 224 and 225 as calculated

Values~'"var". The signals S324, 8325 are provided to the

-comparator 226 where the magnitudes of the signals S324 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 5324 < $325,

S22 = 0 and, for S324 > S325, S22 = 1. On the other 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 éombinatioh for a non—interlaced frame,
the line—to;line correlation between two fields is high so that
the sum of the absblute 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
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field) and the second field (bottom_ field), respectively.- A
qon—interlaced frame is constituted by the same upper and lower
'caée letters. The symboll"?“ stands for a 1lone field not
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 hes

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



26

set to 1. On the other hand, the lone field is contained in some
past séquence, and heﬁce_has strong correlation with the past
field, so that the flag S22 is set to 0.

Although judgmeht as to the combination of the non-
interlaced frame_is given on the basis of the flag S22 outputted
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 ﬁltimate
judgment as to the combination pf the nén—interl#céd frame'bn the
basis of a pattern of an array of plurél values éf.the flag S22.

: PRI
An illustrative

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
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field, "isTop_ field=1", as sh;wn at the line 4 of Fig.17. Since
the parity at field time n is reflectéd in the variable top
field_ first(n), it is set to "1" or "0" for top_ ‘field or
bottom_.fieid, respectively. A variable:repeat_:first_ field[n]
is a flag specifying removaiiof 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 1atér, 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].
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An example of finding top_ first_ field[n], repeat_ first
field[{n] and péttegp[n] for the input'signal S1 shown'in Figs.15
and 16 in accordance with the algorithm shown in Figs.15 and 16
is now explained. in Figs.ls and 16, S?4 aﬁd 825 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 explainéd.' The delay unit 229 is a-mehory for
storing fields on the future side with respect to the (n + l)sé
fie;d and is able to. output a field picture with a specified
delay from a picture output contro11er 228. In the example of -
Figs.15 and 16, a 7—fiéid 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 thé basis of a variable "pattern". Speqified 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,ﬁ;re outputted sequentially. |
(2) For pattern =.2

A signal S103, delaye@ three frames from Si, is.outputted.

A signal S104 and two invalid fields |--| are then outputted in

this order.

(3) For pattern = 3



29

Two fie1ds of the signal S104 and two invalid fields are
.outputted in this order. o
(4) For pattern = 4 '

A_signal SlO4_is 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 inserting 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
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scan converter 162 in the input sSequence into a frame picture.

In the example of Figs.15 and 16, "|" of S26 stands for the frame

" boundary. Thus it_is seen that a frame picture is constituted

at an interval of fwo fields outpufted based upon the above
pattern. |

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-described ehbodiment, thg.algofithm for
judging the’ combination of thé non—-interlaced frﬁme 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.

Conversely, a pétteqn of array of a smaller number of signals S22

_ may be employed for reducing the frame delay amount of the output

S26 at the cost of the increased possibility of giving mistaken
judgment of the non—interlaced frames.

Referring tp Fig.198, a modified embodiment of the picture
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signa; encoding apparatus according to the present invention will
be explained in detail. -
To an input terminal 101 of Fig.1l9 are enteréd, as an inbut

picture signal, a picture string converted from -the non-~

. interlaced pictures NF into plural field sets each made up of two

field picfures,_that is frames CF, each beginning with the first
field or top field Ff of an interlaced picture, as shown ih
Fig.2B, and another picture string converted from the non-
intérlaced pictures NF.into plural field sets each.made up of two
field pictures, that is fraﬁes CE, each_beginning with the second
field or bottom field Fb of an interlaced picture, as shown in
Fig.ZB. These picture étrings are linked to each other by editing
as shown in Fig.2D.

The.input picture signal is provided to an irregular pattern
detection circuit 103, as detection means for a pre—processing
circuit 102, where it is judged whether two fieldé corresponding
to one of the non—interlaced pictures begins with the f;rst field
or-wifh 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-interlaéea picture as_re—constructing méans..
This re-constructing circuit 104 reconstructs and outputs a non-
interlaced picture depending upén whéthef paired.field pi;tures
corresponding to the non—inf_.erla.ced pictures of the picture

string of the input picture sigﬁals begin with the first field
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or with the second field.

An output signal of the re—cénsiructing circuit 104 for the
-non-interlaced picture is provided as an dutput signal of the
pre—pfdcessing -circuit to an encoder 105, Inl the present
modificatiqn; an encoder for perfdrming cdmpression encoding by
éiploitingliné—to¥1inécbrrelationcn?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
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editing. '_

Thus, as §hown in Fig.ZlA,-twé_sets of fields CF, and CF,
containing a pre-set’ field, herein a second field_ Fbm' are
formed. One-CFlof the fields, or a frame, is made up of a field -
pair of a first field Ft1 and a second field Fﬁo, arrayed in this
order, while the other CFz of the fields, or a frame, is made up
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 qorrect 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.
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" Fig.22C shows a case in which such interpolation has been

. made b& repeating a previous field Ft1 in place of the removed
“lone field Fx. The set 6f field pictures, comprising such

" repetition of the previous frame Ftl, is tepmed CFtr Such

interpolation may also be made by'repeating a succeeding field

th in place of the removed lone 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—interlacéd picture can be encoded using the combination of

two sorts of flags, namely the flags top_ first_ field[n] and

repeat_ first_ field[n].

Of these, the flag top_ first_ field[n]is 1 or .0 when the

set of field pictures or frame being encoded is the set CFt

beginning from the first field Ft or that beginning from the

' second field Fb.

The repeat_ 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
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to be repeatedly displayed, respectively.

Thus thé encoding is achieved by allocatiné numerical values.
shown in Fig.23 to the flags. |

Fig.24-shows an example of encoding the pattefn of Fig.22D.

In Figs.23_and 24, the two flags top_ first_ field[n] and
repeat firsf_ field[n] are both i for the sets of the encoding
frames or set of field.éictures CFty 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 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 outputs three sorts of

" the flags, namely picture_coding type, top_ first_ field[n]_and

repeat_ first__ field[n]. These flags are provided alpng with
picture datd.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
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recofded thereon'signals encoded Qith high afficienay encodihg.
With fhe above—describéd moving pictu;e encoding method or
apparatus, encoding can be exeauted aftar'conétructing a frame
so that an input frame will beccﬁe'a non—-interlaced frame, even
if the pefiod of field'pairs makiﬁg dp the non;interlaced.frame

of the input moving picture is irregular or a lone field not

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 seqaence

is divided in terms of groups—of—pictures'(GOPs),'that is a group

of frames, such as 12 frames. By the prediction system, each

frame is classified inta three'types, namely intra—cedéd piatures
or I—piétures, predictively coded pictures or P—pic@ures, in
which motion preaiction is_from past_andxfuture P- dr I-pictures,
and.bi—directionally coded pictﬁrea or B-pictures, in which
motion prediction is from past and future P- or I—piaﬁures. In
the present embodiment; the flag SS exblained in'copnection-with.

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



37

;nput frame as a B-picture. Thus the method of control;ing_for
the non-interlaced frame detection circuit 172 differs from the
method éhown in Fig;4 in this respect, although the two methodé
are similgr;in the rehaining 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
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and flégs at variﬁus portions, are directed to' removal of the
lone field by the signal fopﬁ_ field. Figs.27A énd 27B are
directed to the méthod explained in connection with Figs,6 to 11
and to the méthod ﬁowlgxplained in connection with Fig.ZS.

The time of the field "?" is the current time fp. 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-picture 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. |

Another example of removing the ione field is shown in
Figs.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
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flag S5 is set to 1.

In Fig.28B, the time for field "c" is the time fp and the
encoding method is designated to the B-picture, so that "?" is
not detected as being a ione fiéld.l When the field time'haé
proceeded by four fields, fhe 9n¢oding 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 seguénce on the temporally forward side of the current time

fp is judged to be a lohe field.not constituting a non—interlaced

. rl
frame.

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

The field signal S6, thus freed of the lone fields and
outputted from the.fiéld 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 is as
explained in connection with Figs.27 and 28. The input frame
sigﬁais S203 and the associated fl&és sS4 and-SS are entered to
the picture encoder 163. The two flags's4 and S5 may be encoded
using top_ first_ field[n] and }epeat_ first_ field[n] defined
in MPEG2. The detailed structufe of the encoder 163 is described
subsequently. -The encoded bitstream S204 is supplied to the

recording medium 164.
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The -specific embodiment expiained herein is iqdispensable-
when the pigture decodef has the.performance of the class of'thé
 so—ca11ed;Mé@ML (main_profile at main level) of MPEG 2. That is,
while a flag-indicating that the lone field not constituting the
. non—interlaced fréme_h#s'previously been removed is tranémitted
using.reﬁeat_ first_ field[n] of MfEGZy MP@ML of MPEG2 prdhibits
repeat__ firsé__field[n] from being set to 1 for the.frame fate,
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.

-;n,the-instant embodiment, the frame eﬁcoding method is
coﬁpulSorily set to an I-frame or to a'P—ffame wheﬁ the fl&g S5
éxplaingd in connecéion with Figs.ﬁ to 11 is set to 1. Thus fhe
instgnt embodiment differs from the previous embodiment as to the
method for controiling the signal S? specifying the fréme
~encoding method performed by the encodér 163. The instant
embodiment is otherwise the same as the embodiment éxplaiﬁed in.
connéction with fig536 to 11. |

‘An illustrative example is explained by referring to Figs.29
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and 4. The time of the field "?" is detected as a lone field and
removed, while the flag S5 is set to 1. The encoder 163 is
responsive thereto and designates the P-picture by the signal S§7.
It ié_notéd-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
de£ection 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_SZO3 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 sﬁpplied to the recording medium 164.

The specific embodiment .explained herein .is again
iﬁdispensabre.when the éicture-decoder has the performance of the
c;ass oflthe 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 effidienf 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 préscribed that field repetition in the sequence of the PAL
-system is to be-prohibifed by the B-picture. The irregular

_telécine pattern as described above appears in the above PAL
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system and needs to be coped w1th approprlately This'is now
exp1a1ned by referr1ng to F1g 30.

In Fig.30, it is up to the encoder to decide where field
repetition is tp be done for encoding the objectionable infeguiar
pattern, In the present embodiment, field repetition 1is
scheduled te occur at an I-picture or at a B-—picture.

“hat is, with a sequence contalnlng the irregular pattern.
as shown in Flg 30A encoding can be done W1thout contravening
the.above rule by scheduling the set of fields CFtB containing
field‘repeﬁition so es to correspond to fhe P-picture as shown
in Fig.30B. Meanwnile, if the sef 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
evoiding such encoding, and the sequence thus'scheduled islrouted
to the encoder 105.of Fig.lQ;

In the non—-interlaced picture.re-constructing circuit 104,
reconstruction 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_'fiela[n] and repeat; fifst__field[n] are ontputted and
routed along with picture data to the encoder 105. |

An illustrative example of wusing a non—interleced frame
detection circnit configured as shown in.Fig.lz is nOW'explained
in deﬁail. - |

An illustrative algorithm for jndging the combination of the
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non—-interlaced frames from the flag S22 in case of employing the
_bircuit of.Fig,lzlis shown in Fig.33. The flag "picture_ coaing
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 .
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js-removed, Qhereas, in Fig.31, since picture_ coding _ type
deéignated by_the field "?" is B—pipture, repeat__ first_ field
is nét set to 1. In the algorifhm of Fig.33, it is for the n=19
for a field "i" that reﬁeat;first_field becomes 1, at whiph time
pattern=5 and the field "i" is_removéd. _

The differencé of Fig,32 from Fig.lsiresides in the fact
that, in-Fig.16, pattern=5 for repeat__ fifst; 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.32, 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 poq—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
.efficieqcy tends to be produced at back or ahead of the frame

where repeat_ first_ field is 1 (frame |I h| of Fig.31), due to
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the limitation that repeat; first_ field is not to be 1 for the
B-picture. This~deficiency'may_be effectively coped with by
raising the bit rate for the frame. ' B

Thellone field not constituting the non-interlaced 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 ffamé 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 picturé
is constructed at an interval of two fields outputted on the
basis of the above pattern. _

The input frame Szosiand the'aésociated 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__ first 
field[n] defined in MPEG2. The encoded bifstream 5204 from thg
encoder 163 is stored in the storage medium 164;

The decodiﬁg apparatus shown in Fig.4 is explained.

From the storage medium 164 of Fig.4, an encoded bitstream
signal 8205 is provided via a tefmina1.176 to the picture decoder
165. In ﬁe picture decoder 165, a'frame-signél SZOG_is reproduced
from the encoded bitstream signal S5205. 'Tﬁe pictﬁre decider 165
will be explained subsequenﬁly in detail. | _

For each frame of the frame signal_SZOS;'a first flag SlO

specifying ffomlwhich of top_ field or bottom_ field a picture
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is to be diéplayed, and é second flag S11, specifying th;t the
field has bégn removed, are deéoded. These lags S10 and S11 are
associated with the flags S4; S5. or S24, 825 eXplained in
connection with the explanation for the encoder.
Each frame of the frame signdl 5206 is converted by the scan
converter 166 into two fields of the field signal S207, that is

top_ fieldrsnd bottom_ field. An output controller 177 controls

“picture display of the figld signal S207 by the flags S10 and
s11. ' '

When the flag 810 is 1, top__ field is outputted first,
whereas, when fhe flag-810 ig 0, bottom__ field is oﬁtputted
first. .

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 case, the two flags S10 and'Sll-may be reglized'using top

first_ figld-gnd repeaﬁ_ first_ field defined in MPEG2. In this

'manner; a signal S208 'is outputted on .the pasis of the signal

S207 and tﬁe flags S10 and S11. This signal S208 is displayed_on

- a monitor 167.

- The processing by an output.contréller is specifically shown
in- Figs.35 to .38. These fouf éxamples iilusﬁrate outputs
corréspondiné 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
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Fig.4 is explained by referring to Fig.39. The embodimeﬁt of
Fig.39'imp1ements the hybrid encoding mefhod consistiﬁg in the
combination of motiqn-combenéated_inter—frame prediction and DCT
widely known in MPEG2.

An input moving picture 'signal S203 is supplied at a
terminal 360 of Fig.38. 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 by 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
vector esfimation is performed by péttern matching between a
feference frame and a currént 16 pixel by 16 line macro-block.
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
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vectof information S43 for which Ef becomes minimum. ‘A motion
compensation inter—-frame/intra-frame prediction circuit 367
outputs a prediction picture signal S90 read out with the métién
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 is not done,
it is the original signal that is processed w1th two—d1mens1ona1
DCT. The DCT coefficients are scalar—quantized by a quantlzat1on
circuit 363. The resuiting quantized output'is Huffman-encoded
by a variable length encoding (VLC) 'circuit - 368. The
quantization step Q and the motion vector informaﬁiﬁn S44 are
Huf fman—-encoded on the frame basié 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 the 1nformat10n outputted from the

quantization dircuit 363.
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On. the other-hand{ data outpufted by the quantization
circuit 363 is fed to a dequantization circuit 364 where it is
dequantized responsive to the guantization step Q éupplied froﬁ_
‘the quantization circuit 363. An output of the dequantization
circuit 364 is éupplied'to an inverse DCT circuit 365 for invérse
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 thg signal SQOit; the signal 892.. 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 éxplained
in fupther detail. In these illustrative embddiments, picture
signals are encoded for compression by e#ploiting 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,
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t2 and t3f respectivel&, as shown 'in Fig.40A, the diffe;ence
between the picture signals of the frame pictures PC1 gnd PC2 may
be calculated to generate a picture PC12, as shéwn in Fig.40B,
thle the difference between_the pictﬁre Signals of the frame
pictures PC2 and PC3-of fig.40B may be calculated to gener#te a
piéture PC23, as shown in Fig.40B. Since pictures of frames of
temporally neighbbriﬁg ffames are not changed s0 significantly
from each ofher, the;differencg 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 signai of a
hatched portion of the picture PC12 of.Fig.4OB is-obtainea as the
difference between picture signals of the frame pictures PCl'and
PC2 of fig.4OA._Similar1y,-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 différence between picture signals of
'fhe fraﬁe pictures PCZIand PC3 of Fig.40A. The amoﬁnt 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 pictﬁres of
respective frames are arranged into three sorts of piqtures,
namely an intra—coded picture or I-picture, a predictively coded
picture or P—ﬁicﬁure and a bi~-directionally coded picture or a
.pricture; for comﬁréssioq coding-fhé pictu;e 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
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unit, as shown in Figs.41A and 41B. The piéture signals of the
leading frame F1 are encoded as an I-picture, while picture
signals of the éecond and thi;d frames F2, F3 are processed aé
a B-picture and as a P—piéture, respeciiveiy. 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, picture signals of Ane
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 fréme, it is
directly transmitted oh a transmission éhancel'as transmission
data F1X (non-interpolated transmission data). As for the seéond
frame F2, proéessed as a B-picture or as ah interpolated frame,
the difference from the mean value between the temporally
previous fra@e Fl1 and the temporally succeeding frame F3 (inter-

frame encoded ndn—interpolated_frame) is found and the resulting
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difference is transmitted as transmitted data (tranSmittéa
interpolated frame data) F2xX.

More specifically,._thére 'aré four different 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
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of - inter~frame prediction), the difference signal from the .
temporally previous frame Fl as the predictidq piqture,.as
indicated by a broken—liﬁe arrow SP3, and the motion vector x3,
are calculated, and.transmitted Qs transﬁittéd data ?SX (forﬁard
prediction mode). Alternatively, the data of the_original frame
F3 is directly transmitted as transmitted data F3X, as indicéted"
by a broken—line arrow SPl1 (intra-coding modef; In this P-
- picture, as in the B-picture, the particular method of
transmission which reducés the transmitted_data volumé to a
larger extent iéiselgcted on the macro-block basis.
| The frame F4 of'the.B—picturé'and the frame F5 of the P-

picture are procegséd in a siﬁi}ar manner so that tragsmission
data F4X, st and motion vectors x4, x5 and x6 are produced.

Fig.43 shows an illustrative.constructidn of an apparatus
for encoding, transmitting and decoding moving piéturé éignals
in accordaﬁce with the above~described principle. An.encoding
apparatus 1 encodes input.picture signals and trﬁnsmits the
encoded signals.to a recording medium 3 as a transmission path
for recofding thereon. A decoding apparatus 2 repfoduces signals
recorded on a recording medidm 3, decodes. and 6utputs reproduced.
signals.

In the encoding appapatus'i,.input picture signals VD are
supplied via an input terminal 10 to a pre-processing circuit 11
where itlfs_sepérated.into lﬁminance and-colé; signals (éhroma

signals) which are A/D converted by A/D-Converters 12 and 13,
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respectively. The pﬁcture signals, A/D converted by the A/D
converters 12, 13 to digital signals; are sqpﬁlied to a frame
.memory 14 for storage therein. In the frame memory 14, a
luminance sfgnal frame ﬁemopy 15 and a chroma signal frame memory
16.store luminance and chroma signals, respectivély.

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 Showg in Fig.44A. The format
convérsion circuit 17 slices the 1-frame signals into n slices
eaéh cénsisting of L6'lines. Each slice is divided into macrd;_
blocks, as shown in Fig;44B. Each macrb-block ig made up of
luminahce.signals corresponding to 16x16 pixels or dots, as shown
in Fig.44C. These luminénce-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 sigqals. o |

| The data thus converted into block format data is supplied
.frOm the format cénversion circuit 17 to an enddder 18 where it
is encoded, as will be explained subsequently with référence to
Fig.45. o

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

example, a recording medium 3.
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The data reproduced from the recarding medium 3 is supplied
to a decoder 31 of the deco&ing apparatus 2 for ‘decoding. The’
decoder 31 will be explgined subsequently ip detail by referring
to Fig.48. | |

The data decoded by the decoder 31 is supplied to the format .
conversion circuit 32 for convefsion,from the block formﬁt data
into frame format data. The framé—férmat luminance signal_;re
proQided,to a luminanée sigﬁal-frame memory 34 of a frame memory
33'for storage ﬁherein, while chroma sigqals are supplied'to'a
chfoma signal frame memory 35 for storage-therein. The luminance
signals read out froT the luminance signal frame memory 34 and
the chroma signals:iéhd out from the chroma.signal frame'memofy
35 are DfA converted by D/A converters 36'.37’ respectively, and
ﬁhence sﬁpplied to a.post—processing circuit:38 for synthesis.
The.resulting output picture signal are outputted at an output
términal 36 to a display, suéh as CRT, not shown, for display.

An illustrative constrﬁction_of ihe encode; 18 is eiplained
by referring to Fig.45.

Picpure dgt#-supplied for encoding via an input terminal 49
are enfered on the macro-block basis to a motion vector detection
circuit 50, which then procesées 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
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as.I, B, P, B, P, ...B, P, as shown in Fig.41;

The picture data of a frame procéssed,as an I—piéture, such
as a frame Fl1, is transmitted from the motion vector detection
circuit 50 to a -forward. original pictﬁre unit 51a of the frame
memory 51 for storage therein; while the picture data of a frame
-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 as the frame F5, is
en£ered at thé next tiéing, picture 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 (ffame 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,
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forwaro—prediction ‘mode, - backwafd—prediction mode‘ or bif
directional prediction mode, under control by a prediction
decision cirouit 54. Which of these processing oodes is used is
deterﬁined oh the macro-bock basis in association with orediction
error-signals,.that ié the difference between.tho referencé
signal and the prediction picture. Thus the motion vector

detection circuit 50 generates the sum of absolute values of

prediction error signals used for such decision and the__.

evaluation values of the intra—codlng mode cofresponding_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_cirouit 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 field
(lines of the first field) and lines of an e&en 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
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asséciatéd with four luminance Slqcks.

If the'field\predictioh modé-is set, the pfediction mode
switching circuit 52 causes luminance blocks Y[1] and Y[(2] of
four luminance blocks of the signal entered from the motion
vector detection circuit 50 in the configuration éhown in Fig.46A
to be cbnstituted only by dots of, for examplé, odd field lihe
déts,'while causing the-pemaining two luminance blocks Y[3] and
Y[4] to be constituted only by data of Iineé of evenifields. Theﬂ
resulting data is outputted to the processing unit §53. In_such'
case, one motion vector is assogiated wifh'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 tﬁe frame prediction mode, chroma signéls are supplied
tb the proéessing unit 53 in a state in which data of lines of
- odd fieldé and data of lines of even fields co-exist, as shown
in Fig.46A. .In the field péediction mode, upper half porti;ns
l(four lines) of the chroma biocks Cb and Cr are chroma signais
of ﬁn ddd field_gorresponding to the luminance blocks.Y[lj and
Y[2], whilé lower half portiong (four iines) of the chroma blocks
Cb and Cr are chromé signals of an even field corresponding to
the luminance blocks-Y[3] and f[4], as shown in Fig.4SB.

The motion véct6£ detection cirCui£ 50 generates, in the
prediction decision circuit 54, the_évalﬁatidn Qalueé of the
intra-coding mode gnd the sum of absolute values of prediction

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



59

prediction mode, froward_prediction ﬁode,'backward prediction
mode or the bi-directional prediction mode and which of the frame
prediction ﬁode or the field prediction mode are to be used for
respective macro—blpcks, from'one:macro—block.to another.

That is, as an evalu#tion value of the intra—-coding mode,
a sum of absolufe'values of the differences between the-éignal
of a 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 and the
. & .

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
qne_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
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prediction errors of the inter—preaiction'is_also compared to the
evaluation véiue of the intra—coding.mode and a smaller bne is
‘selected. The mode associated with the thus selected'vaiue is
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
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picture data of the I-picture from the forward original picture
unit 51&,.the prediction decision circuit 54 sets the intra-
coding mode (mode not performing 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 sets data of four
‘luminance blocks to a 'state in whicn lines of. odd fields and
lines of even fields co-exist (frame DCT mode) or a state in
which the lines of odd fielos and the lines of even fields are
isolated 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

efiiciency which would be achieved if DCT processing is &one for .
deta comprising odd field data and even field data together, to
| the encoding efficiency which would be achieved if DCT processing
is done for deta comprising odd field data and even field data
separated from each other, ano 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 co—exist as shown
in Fig.47Aul The difference between the signals of the vertically
adjacent lines of the odd fields and even fields is calchleted,

and the sum of the absolute values or the square sum is found.
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Aiternatively, the input:signals are set to a state in which the
lines of the odd fields and the lines of the even fields afe
isolated from eaeh other es shown in Fig:4B._The difference
between the signals of the'vertically adjacent lines of the odd
fields andleven fie;ds is calculated, and the sum of the absolute
values or the square sum is found. The two sums of the absolute
values are compayed to eech'other'and the.DCT mode correeponding
.te the smaller value is set. 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 thé DCT circuit 56, wﬁiie a DCT flag
specifying the selected DCT mode &s eutputted to the variable
length coding circuit 58.
~ On chparison of.the frame/field prediction mode in the .
predictien mode switching circuit 52 (Fig.46) to the DCT mode in
tﬁe.DCT sﬁitching cifeuit 55 (Fig.47), it is seen that the-date
sfrucfures of the luminance block in the two modes remain
'substantially the same. . |
If- the frame prediction mode {(the mode in wh1ch even llnes
and odd lines exist together) is 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 s1m11ar1y selected in the DCT mode switching circuit 55. On-
the other hand, if the f1e1d prediction mode (the mode in wh1ch

‘even lines and odd lines are isolated from each other) is
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" selected in the prediction mode switching circuit 52, the
probability is high that the field DCT mode (the mode in which
even lines and odd lines are isolated .frcm each other) be
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 predicticn errors, while the DCT mode
switching circuit 55 sets 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 therecy DCTed
for conversion'into 5CT coefficients. The DCT coefficients are
supplled to the quantlzatlon circuit 57 and thereby quantized at
quantization steps correspondlng to the amounts of data storage
in the transmission buffer 59 before being supplled to the VLC
circuit 58. '

The VLC circuit 58 converts picture data (data of I-
p1ctures) from the quantization circuit 57 in accordance with
the quantization steps (scale) supplied from the quant1zat10n
circuit 57, into variable length codes, such as Huffman codes,
which are outputted to the transmissicn buffer 59.

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

or bi-directional prediction mode has been set), motion vector,
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the. prediction flag (flag specifying which of the frame
prediction mode or the field prediction mdde has Seen set), and
a DCT flag (flag specifying which of the frame DCT mode or the
field DCT mode has been set) from the quantizat;on circuit 57,
_prediction decisioﬁ cifcuit 54, ﬁotion vector detecfion circuit
50, prediétion decision circuit 54 and the DCT mode swifchiné
circuit 55, resbedtively, for variable length encoding.

- The tfansmission buffer 59 tempbraril& stores the input data
aﬁd'outputs data:56rresponding 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 increéses the.quaﬁtization 5ca1e_'by g.-quéntization
control signal for decfeasing the data voiuﬁe of the quantized
data{ Cdnvefsely, if the résidual datafvoiume in the transmission
buff 59 is decreased to a lower tolerable Iimit value, the
tfansmission buffer decreases the quantizatibn scale by a
quantization control signal for increaéing the data volume of the
quantized data. This prohibits the overflow or underflow in the
transmission buffer 59 from occurring.

- The data stored ih-the_transmission buffer 59 is read.out
at a pre-set timing so.as to be outputtgd 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
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are supplied to a dequantization circuit 60 where it |is
dequantized in accordance with the quantization steps supﬁlied
from the quantiiation circuif 57. ~ An output of the
dequantization circuit 60 is supplied to an inverse DCT (IDCT)
cirquif 61 whefé it is IDCTed and supplied via an adder 62 to
a forward prediéﬁion picture unit 63a of a frame memory 63 for
storage therein. |

When procgssing picture data of sequentially enfered various
frames as the I, B, P, B, P, B, .;.picturés,'the motion vector
detection circuit 50 processes the initially 'enfered frame
picture as an I—pictuﬁg and, before processing the picture data
of the next frame a;'; pricﬁure, processes the picture data of
the frame succeeding the next frame as a P-picture. Since the
pricture ié likely to be accompanied by backward prediction and
forward prediction, it cannot be decoded if the P-picture as .the
backward prédiction picture is not provided in advance.

Thus the motion vector detection_ circﬁit' 50 starts
prdcessiné'picture data of the p-picture stored in the backward
original picture.unit 51c..-As in the above case, the macro-block
based evaluation value of the intra—cbdiné 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
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_macro-block basis to set one of the frame prediction mode or the,
field preaiction mode and one of the intra—-coding mode or the
forward- prediction mode, from ohe macro—block to andtherz'

When the intra-coding modeiis eet, 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 the :prediction
decision circuit 54, the motion compeneation circuiﬁ.64 reads-out
the.readoht_aeress of the forward cfediction 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.
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The prediction picture data qutputted by the motion
cqmpensation circuit 64 is fed to an adder 53a. The adder 53a
subtracté the .prediction picture data from the motion

compensation circuit 64 corresponding to the macro-block from
data of the macro-block of the reference picturé supplied ffom.
the prediétion mode switching circuit 52, and outputs a resulting
differenbé; ' This difference data is transmitted to ‘the
transmission channel via DCT mode switching cifcﬁit 55, DCT
cifcqit 56, - quantization <circuit 57, VLC circuit 58 and
‘transmission buffer 58. The difference data is also locally.
decoded by the'IDCT‘pgpcuit 61 aﬁd supplied to the addgr 62.

The adder 62 is_ also fed with the same data; as the
prediction picture data 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 tﬂe IDCT ciréuit
61. This gives picture data of the original decoded P-picture.
The picﬁure data of the P—picﬁure is.supplied to.the backward
predictidn picture unit 63b of_thé fr#me memory 63 for storage
‘therein. Since in effect the data structure of the difference
data outpﬁtted by the IDCT circuit neeas to 5e the same as the
data.sﬂructure of the prediction—pictﬁre.data, it is necessary'_
to provide a circuit for re—arraying data in regdiness.for a case
in which the frame/field prediction mo¢e differs froﬁ the
ffamé/field DCT.mode. This bircuit; ﬁoweﬁer, is omitted fof

simplicity.
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After the data of.the I-picture and the P-picture have'been'
'Stbred in this manner in the forward.predicfion picture unit 63a
and the backward prediction picture unit 63b, respectiyely, the
motiQn vector defecﬁion circuit 50 execufes thé prodeésing for
the B-picture. The prediction'decision circuit 54 sets the
frame/field prediction mode responsive to 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. |

Eor 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 addresses of
the backward prediétién picture unit 63b froﬁl'the position
corresponding to the position of the mgcrofblock being outputﬁed

by the motion vector detection circuit 50 in" an amount
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corresponding to ‘the motion vectdr in order to generaté
prediction picture data.

| The . prediction picture data outputted by the motion
cdmpensatioﬁ circuit 64 is fed to an édder 53b. The adder 53b
subtracts the bredictibn piéture data from the motion
compensation circuit 64 corresponding to the macro-block froﬁ
data of the macro-block of the reference picturé supplied from
the prediction mode switching circuit_sz, ana butputs 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, and 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 outputted by thé
motionlvector'deteétion 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 pssition of .the machrblock being

outputted by the motion vector detection circuit 50 in an amount
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cqrresﬁonding to the motion vector in order .to générate
prediction picture data.

The prediction pictuée data. outputted by the motion.
compeqsationlcircuit 64 is fed to an adder 53c. The adder 53c
subtracts the prediction picture dafa frdﬁ fhe motion
compensation ¢ircuit 64 corresponding to.the macro—ﬁlock from
data of the macro-block of thé referencg picture supplied from
the'mqtioh vector-detéction 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 éircuit 57, VLC circuit 568 and
transmission buffer.59. .

Since. the picture of the B-picture is nbt ‘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 sb 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 picture. |

ALthoﬁéh the foregoing description has.been centered about .
the luminance blocks, cﬁroma blocks ére 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,



71 -

motion vectors for the associated luminance blocks, halQed in
magnitude in both the vertical and horizcntal directions, are
employed.

Referring .to. Fig.48, showing the constructicn of an
embodiment of the deco_der. 31. in a .block view, picture data
transmitted over'a transmission,channel_(recordihg 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
supclied to a VLC circuit 82 of a decoding circuit 90. The VLC
circuit 82 varieblel }ength encodes data suppiied fcom the-
reception buffer 81 end outputs the .motion vector, prediction
mode, prediction flag and the DCT flag'tc the motion ccmpensetion
circuit 87, while outputting the quentizet}on step and the
deccded picture data to'the dequanti?ation circuit 83.:

The dequantization. circuit. 83 dequantizes. picture .data
supplied from the VLC circuit 82 in accordance with -the
quactization step supplied from the VLC circuit 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 sﬁpplied to an adder 35.

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

of the frame 86 for generating prediction picture data for
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picture data subsequently entered to the_adder 85_(data of the

P- or B—p_icture). The daf.a. is also out_.putted at a format
conversion circuit 32 (Fig.43).

.If the picture data supplied from the IDCT circuit 84 is the

data of the P-picture having 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 ﬁircuit
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-
piéture d&ta. | .
..If the picture data supplied from the IDCT circuit 84 is

data 6f the B—picture,_pictﬁre data of the I—picture.stored in
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the forward pfédiction picture unit 86a of fhe frame memory 83
(for the case of the forward prediction mode) and/or picture data
of the P4picturg stored in thé backward prediction picture unit
86b of the- frame memory 86 (for the case of the backward
'pfedictién' mode) are read. out' and motion—-compensated by the
motiﬁn compensation circﬁit 87 in accordance with the motion
vector outputted by “the - VLC circuit 82 for generating a
prediction 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 convérsion circuit 32.

However, this sum output is data the prictdre and is ﬁot
used for gen;rating a prediction picture fér 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, however,
no motion compensation or addition is pe;formed.

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



74

processing performed by this cirquit, that'is the processing for
.restorihg the configuration of separation of signals of lines of
‘odd-fields and even—-fields to an oriéinal configuration'of‘co—
existepge of signals of lines of od&—fiélds 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
a;e.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 ljmited_fo 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. If the above lone field is produced in the
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second field, the field sets comprising repetition of the second
'fields may be reconstructed and transferred to encodihg. The
present invention may also be applied to transmission of signals

without the interposition of a recording medium.
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1. A.picture'signal encoding method in which-..a.picture string

WHAT IS CLAIMED. IS:

ﬁroduced.by cdﬁverting non-interlaced pictures into.sets_of field
pictures each beginning from the first field of each interlaced

picture and anotheripicturé string produced by conVerting non-

-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 lone field not constituting
the non-interlaced picture in said input picture signal; and
an encoding step of re—constructing the'piéture strihg of
said input picture éignal,into a non—interlaced picpuré string
and encoding the resultihg non—interlaced picture stringl
'.2. The picture signal engoding method as claimed 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 methoa 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
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4. The picture signal encoding method as claimed in claim 1

77

wherein, in said detection step, the correlation between the
current field and plurai_past or future- fields is.used in
cheéking whetﬁer or not the current field is said lone field.
5. The picture signal eneoding method as claimed in claim 1
wherein, in said detectjon step, the -detected. lone field is
removed and e fifst flag specifying that the lone field has been
removed is generated and a second flag spe01fy1ng,.for each
picture—encoded frame, which of the first field or the second
field is displayed first in A piciure, is generated.

6. The picture sign%I encoding method as claimed in claim 5
wherein, in said-detection step, seid fifst fleg is aepended to
the header information of a'pest or future frame.temporally
neighboring to the remeved field and having sfronger correlation
with the removed field.

7. The pieture.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 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 heederninformaiion of:each frame for encoding.

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

/’_
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wherein, if, in said encoding étep, the first flag sbecifying'
that the lone field has beén 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 s

10. A nicture 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 nf 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 %
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paired fields corresponding tb £he regular non—interlaced picture
and the results of judgment is outpugted.
.12. The picture signal encoaiﬁg method as claimed in claim 11
wherein, in-'said detection .step, a sum of absolute values of the
differences_befween neighboring lines of é frame constituting the
two fields is used as the correlation and whefein 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 sﬁecifying 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 ciaimed in claim 14
wherein, in sﬁid detection.step, the correlation between paired‘

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

e
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line of the first field and an i’th line éf the second fieid 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 cérrelation., | |

16. The picture signal encoding method as claimed in claim 14

wherein said input picture signals are obtained on converting an

.original:"24—picture—ffame—picture into a 25-frame~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 signal; gnd

.

a step of inserting a pre-set picture into the first

-processed picture string for producing a second processed picture

.string;

18. The picﬁﬁre signal encoding method as claimed in-glaim'lé
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
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a first flag specifying £hat the lone field not constituting
said non—interlaced picture has been rgmoved; and

a second flag specifying whether the first field or thé
second field is to be displ#yed first in displaying the encoded
picture. - |

20. The pictufe signai eﬁboding method as claimed in claim 17

-, wherein said input picture signals are obtained on converting an

original 24-picture—ffamg—picturé into a ZSFframe—per—second
video signal. | | |
Zi. A picture signal encoding apparatus comprisiﬁg:

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 striné.
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 pfoduced 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
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non—interlaced picture in said input picture signals-into two

.fields beginniné from a second field of the interlaced picture.

23. The picture signal encoding apparatus as claimed in claim

22 wherein "said detecting means includes means for checking

'whether or not a current field in a field 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 combrising:
. dgtection means for detecting a lone field not constituting
a non—interlaced pictufe in an input picturé sign@l; and
re—constructing means.-responsivé to an output of sﬁid'

detection means for re-constructing the picture string of said

" input picture signal responsive to the output of said detection

means and for outputting fﬂe re—constructed picture string.

25._ The picture signal encoding apparatus as claimed in ciaim
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.:first sequence being obtained on
convertingexnon—interlaced.piéture in said input‘pictupe signals
into two fields beginning from é first field of an interlaced
picﬁure and said sécond sequencé being obtained on convérting_a
non—interlaced picture iﬁ éaid input picture signals iﬁto two
fieids.beginning from a éecbn&'field of the interlabed picture.

26. The picture signal encoding apparatus as claimed in claim

[ ]
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24 comprising:

removing means for removing the detected lone field from
said'input'picture.signal' .

said re-constructing means reconstructing a picture string

of the 1nput p1cture signals from a f1e1d sequence freed of the

lone fields from said removing means and -encoding the re-

constructed oicture string. _ _ -

27. A picture signal encoding apparatus for encoding input

picture signals having irregular combinations of the first and

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 irregular 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
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means for inserting a pre-set picfure ‘into the first
processed picture string fdr producing a.second processed picture
string. |
29. A signal recording medium having recorded thereoh encoded
pictﬁré 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 from.a first
field of an interlaced picture and said second éequence_being
obt;ined on converting a non-interlaced picture in said input
picture signals into two fields beginning from a seéond field of
the inperlaced 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;cture string of the input picture

signals being re—constructed into a non—interlaced picture string

based upon the results of detection.

30. A picture'signal deéoding method comérising 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 picfure in a position of the removed

loge field based uﬁon the sign#I from said decoding means. -

31. A.pictﬁre signal decoding,apparatué comprising:

means for decoding signals obtained on encoding picture
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signals after removing a lone field not constitﬁting a non-—
interlaced picture; and |

"means for interpolating é_field picture ip a posifion of thé
removed lone fiel& based upon the signal from said decoding-
means.

52. " The picture signal decoding-apparatus as claimed in claim
31 wherein sad encodedjéignal includes:

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

a second flag specifying whether the firét field or the
second field is to Bé:hisplayéd'first in_displaying the encoded
picture; and wherein '

'said interpolating means receives the first flag and the
second.flég and interﬁolatés a field of a parity specified by he

second flag when the first flag is 1.
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