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i'J~TLE 'p~ THFJ INVENTION . ' ·\. i j. ; • 

Pit::tul,'l~_}Sihgn,al· Encodin_,t Method and Apparatus, Signlli Recording 

"-,Medium>and ·Pih-ture Signal Decoding method and Apparatus 
.. . . .- _ ...... , ~.-.. ··.•· 
BACKGROUND OF THE. JJIVENTION 

.. _ .. . 

This invention relates to a picture signal encodi.n:g method 

and apparatus, •PPl.ied to encoding for recording or transmission 

of moving picture signals, a signal reco~~ing medium having the 

encoded picture sign~ls recorded thereon, and a picture- signal 

decoding method and apparatus for decoding the encoded picture 

signals. 

In a system for transmitting moving picture signals to 
. ~ 

remote places, as in a teleconference system or television 

telephone system, line correlation or inter-frame .correlation 

of pictur·e signals is emi>loyed for compression encoding of 

picture si~nals. When recording moving picture signals on a 

recording medium, such as a magneto-optical disc or a magnetic 

tape, and reproducing the recorded signals for display on a 

. . 

display unit, 1 ine correla;tion or inter-frame correlation of 

picture signals is utilized for high-efficiency compression 

encoding of picture signals for improving _ the recording 

efficiency on the recording medium. 

That is, if desired to record the digital video signals of 

.an extremely large information volume on a recording medium of 

small size and small recording capacity for ~rolonged recording. 

time, means need t6 be provided for hi~h effic.iency encoding and 
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recording of video signal$ and for high efficiency decoding of 

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

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

explbiting the correlation of video signals, has been proposed 

for responding to ·these requirements. 

Fig.1 shows a prior-art example of the system configuration 

for encoding and decoding moving picture signals using the MPEQ 

system. 

In Fig.1, a field "picture s.upplied from a video tape 

recorder (VTR) 151 is converted by a scan converter 152 into a 

frame picture which is encoded by an encode·r 153. With the MPEG 

.- # 

system, inter-frame diffe~erices ~re found of the video signals 

for lowering redundancy along the time axis. Subsequently, 

orthogonal transform techniques, such as discrete cosine 

transform (DCT), are employed for lo~ering -redundancy along the 

spatial axis, thereby efficiently encoding video signals. The 

encoded information may be recorded on a recording medium 154. 

For reproducing a recording medium, having recorded thereon 

high-efficiency encoded signals, reproduced signals are processed 

by a: decoding unit 155 by, for . example, inverse orthogonal 

.transform, for deciding a f.rame picture, whi~h is then converted 

by a scan con~erter 156 for display on a monitor 157. 

Jt_ is assumed that a film picture, obtained from a film 

picture, by a tele-~ine technique u~ing so-called 2-2 pull-down, 

is suppl~ed from a VTR 151. 
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The 2-2 pull-down is a tele-cine technique extensively used 

in converting 24-picture-f rame-per-second film picture·s into 25-

frame~per-second or 50-f ield-per-second video signals in 

accordance with the so-called phase alternation .bY line (PAL) 

system. This system consists in reading out each picture frame 

of a film in two video fields by interlaced scanning. 

·Since the two f~elds thus read o~t 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 equivalent to a frame obtained by reading out ~ 

picture film of a film with a video frame by non-inter laced 

scanning; 

In general, a non-interlaced frame is higher in 1 ine-to-1 ine 

correlation in the vertical direction than the int~rlaced frame 

and hence is· higher in redundancy and frame encoding efficiency 

than a interlaced frame. 

If 2:2 pull-down is performed.regularly for the totality of 

the picture frames of the film, the frames entering an encoder 

3 are necessarily non-interlaced ·frames, so that the frame 

encoding efficiency is high and hence no problem is presented. 

If, with the conventional encoding system, a picture string 

converted from the non-interlaced. 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 p4tterns 
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due to subsequent processing such as field editing, are supplied 

from the VTR 15·1, the frame entering the encoder 153 is not 

necessarily the ·non-interlaced frame, so that~ with the 

conventional: encoder, the frame encodi"ng · efficiency is 

undesirably lowered. 

Figs.2 and 3. 

This wi 11 be explained by referring to 

In Fig. 2A, non-interlaced pictures NF., such as picture 

frames of a motion picture, are convert•d by 2:2 pull-down of the 

tele~cine processing into interlaced pictures of·, for example, 

the so-called PAL system. The sequence of the non-interlaced 

film pictures shown in Fig.2A is converted by so-called telecine 

operations into a seilJ,u'ence of interlaced pictures "of which each 

frame begins with a first field (top_ field), a:s shown in Fig.2B. 

Tha~ is, the sequence shown in Fig.2B is a sequence of frames 

CF each made up of the f lrst field Ft and a second field Fb in 

this order.· . Cdnversely; the sequence of 'the non-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 a~e com~ined together at edit points TBl • 

TBz.• as shown, there is produced an irregular sequence which 

disrupts paired fields cci~responding to the sequence Of the non-

interlaced pictures NF in the original picture, as shown in 
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Fig.2E. In the example shown in Fig.2E, a lone field Fx is 

produced directly at back of the edit pQint TB. 

The sequence shown in Fig.2E adversely affects the picture 

encoding efficiency, as now explained by referring to Fig.3 . 

. The irreguiar sequence shown in Fig.2E is encoded during 

enco.ding as frames of combined rectangular frames CP as ·shown in 

Fig.3A. If the frame encoded corresponds to the combination CP1 

constituting the non-interlaced frame of the.combination CP1 of 

the original plcture, the encoding efficiency is high, as shown 

in Fig. 3B .. Conversely, with the combina_t ion CP2 other than the 

correct combination of the non-interlaced picture NF, the picture 

.· ~ 
.contains strong high-frequency components in its edge port ion, 

as. shown in Fig.3C, despite the fact that the original picture 

is .. the non-interlaced picture, thus low~ring the encoding 

eff i·c iency. in Figs. 3B and 3C, the encoding efficiency is 

lowered in the case of a picture representing a true circle 

shifted transversely in the transverse direction. 

As a technique for efficiently encoding a picture produced 

by tele-cine processing as described above", there has hitnerto 

been proposed a method consisting of r~mQving repeated fields 

from the 2:3 pulled down pictures and subsequently constructing 

the frames so that the inP.ut f~ames will become non-interlaced 

frames. However, the lone field not cons ti tut ing the non-

interlaced f·rame", produced by the irregular 2:2 pull-down as 

described above, is different from the i ter.ative frame produced 
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by 2:3 pull-down, and hence this technique cannot be· employed for 

solving the problem. 

OBJECTS AND SUMMARY OF THE· INVENTION 

In view of the .foregoing, the present invention achieves 

high efficiency picture encoding even in cases ·wherein moving 

pictures to be encoded suffer from irregu.lar periods of the 
0 

paired fields constituting the non-interlaced frames or contain 

lone frames not constituting the non-interlac~ed frame, as a 

result of p~ocessing, ~uch as field editing, of the sequence of 

the non-interlaced fr~mes. Thcis it is an object. of the present 

invention ·to provide a picture encod.ing method and apparatus 
. . I 

whereby ~ighly efficient encoding may be achieved even if 

irregular patterns .are produced by editing the string of 

interlaced pictures. 

It is another object of the present invention to provide a 

signal recording medium having recorded thereon signals thus 

encoded and a picture decoding method and apparatus whereby the 

encoded signals may be decoded efficiently. 

According to ·the present invention, a lone field not 

con~tituting a non-interlaced picture in an ihput picture signal 

is detected and remov.ed from the input picture signal. A picture 

string of the input picture signals is constituted from a field 

sequence freed of the lone field ·and encoded. 

According to the present invention, when a first field 

sequ~nce obtained on converting a non-interlAced·picture in the 

.. 
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input "picture signals into· two fields beginning from a first 

field of an interlaced picture and a second field sequence 

obtained on converting a non-interlaced picture in the input 

picture signals into two fields beginning from a second field of 

the interlaced picture are coupled. together by editing, it is 

detected from the input picture signals from which of the first 

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

corresponding to one· of· the non-interlaced pictures, and the 

picture string of the input picture signals is re-constructed 

into a non-interlaced ~icture string based upon th~ results of 

detection. 

• . . I 
The detection as to from which of the first field or the 

second field begins the set of field pictures may be achieved 

by comparing the field correlation ·of two sets of field pictures 

having a pre-set field as a reference ·field and by Judging a set 

having a stronger correlation as being a field pair corresponding 

to a re.gular non-interlaced picture. In this case, the 

correlation of the paired fields is preferably found on the basis 

of the co~relation between an i'th line of the first field and 

the i 'th line of the second field or from the correlation between 

the j'th line of the seqond field ad the j+lst filed of the f~rst 

field for detecting the lone field on the basis of the 

correlation. Also the current field is preferably checked as to 

whether it is the lone field on the basis of the correlation over 

plural fields, that is past and future fiel.ds· with respect to the 
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current field. 

Responsive to the detection output, a. flag indicating 

whether the set of two field pictures iorresponding to the non­

interiaced picture o~ the picture string of the input picture 

signal begins with the first field or with the second field and 

is outputted for controlling the encoding. 

By detecting whether a set of two field pictures 

corresponding to a non-interlaced picture begins with the first 

field or with the second field, and re~constructirig the set of 

field pictures during encoding based upon the results of 

detection, encoding may be achiev.ed in which the set of two field 

•· # 

pictures corresponding to the original non-iriterlaced p1cture 

corresponds to a frame for encoding~ 

BRIEF DESCRIPTION OF THE DRAWINGS 

Flg.1 is a sche~atic block diagr~m showing an arrangement 

of a conven~ional moving picture encoding/d~coding system. 

Figs.2A, 2B, 2C, ·2n and 2E illustrate generat·ion of an 

irregular sequence due to editing of two series of non-interlaced 

pictures. 

Figs.3A, 3B and 3C illustrate the lowering of the encoding 

efficiency _by an i~regular sequence pattern. 

Fig.4 is a scheJDatic block diagram showing an 

encoding/decoding apparatus for moving picture signals for 

illustrating an embodiment ·of the present invention. 

Fig.5 is a block diagram showing an illustrative example of 
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det~ction and r~moval of lone fields not constituting a non­

interla6ed picture. 

Fig.6 illustrates signals and flags at various points 

contained in a future sequence with respe6t to a lone field which 

is the first ~ield. 

Fig.7 illustrates signals and flags at various· points 

contained in a past sequence with respect to a lone field which 

is the second field. 

Fig.8 illustrates signals and flags at various points 

. . 

contained in a future sequence with respect to a lone field which 

is the second field. 
. ~ 

Fig.9 illustrates signals and flags at various points 

contained in a past sequence with respect to a lone field which 

is the second field. 

Fig.10 is a flowchart. for illustrating the operation of 

detection arid removal of the lone field. with an illustrative 

embodiment of the present invention. 
. 

Fig.11 is a flowchart which is a continuation ·of the 

flowchart of Fig.7. 

Fig.12 ·is a block diagram showing another illustrative 

embodiment" of a circuit for detection and removal of a lone 

field not constituting a non-interlaced pictur~. 

Fig.13 illustrates an illustrative example of an· algorithm 

for detecting the combin~tion corresponding to the correct non­
<1 

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 th~ correct non-interlaced picture. 

Fig.15·-shows an example of re-constitution of an input frame 

for detection, removal and ~nput of a lone field by the 

construction of Fig.9. 

Fig.16 shows a~other exa~ple of re-constitution of an input· 

frame for detection, removal and input of a lone field by the 

construction of Fig.9. 

Fig.17 illustrates an example of an algorithm for judging 

the combination of two fields making up a"non-interlaced frame . 
. . # 

Fig.18 is a flowchart for illustrating the processing 

sequence corresponding to the aigorithm of Fig.14. 

Fig.19 -is a schematic 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 21C illustrate the operation of detecting 

regular patterns. 

Figs.22A, 22B, 22C and 22D illustrate the encoding_ of 

objectionable patterns. 

Fig.23 illustrates an example of interpolating a lone field 

by iteration 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.25 illustrates an illustrative example.of a group-of-

picture. 

Fig.26 ·is a flowchart for illustrating the operation of 

detecting and removing a lone field according to a modification 

of ·the present invention. 

Figs.27A and 27B illustrate s1gnals and flags in various 

portions contained in a future sequence with respect to the lone 

field which is. the first field. 

Figs.28A and 28B illustrate signals and flags in various 

portions contained in a past sequence with respect to the lone 

. . ·' 
field which is the rirst field. 

Fig.29 illustra~es signals and flags n various po~tions in 

case a flag specifying removal of a lone field is 1 in a further 

embodiment of the invention. 

Figs.36A, -30B and 30C illustrate the rel~tion between the 

picture type and the method. for ·designating a flag for an 

encoder. 

Fig. 31 shows an example of re-cons ti tut ion of an input .frame 

for detection, removal and input of a lone·field. 

Fig. 32 shows anothe·r example of re-cons ti tut ion of an input 
. . 

frame· for detection, removal and input of a lone field. 

Fi'g. 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 · illustrates a picture output signal and .a flag 

associated with the encoding bit stream shown in connection with 

Fig.4. 

Fig.37 illustrates a picture output signal and a flag 

associated with the encoding bit stream shown· in c·onnect ion with 

Fig.5. 

Fig.38 
• . # 

i l lustrate·s a picture output signal and a flag 

associated with the encoding bit stream shown in connection with 

Fig.6. 

Fig.39 is a block _diagram showing arr illustrative 

constructi6ri of a.picture ehcoding unit. 

F.igs.40A and 40B illustrate the principle of high-efficiency 

encoding. 

Figs.41A and 41B illustrate picture types for compressing 

picture data. 

Figs.42.A and 42B illustrate the principle of encoding moving 

_picture signals. 

Fig.43 is a block diagram showing •xamples of constructi~n 

of a picture signal encoder and decoder according to the present 

invention. 
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Fig.44 illustrates the oper~tion of format conversiort of a 

format conversion cir~uit 17 in Fig.40. 

Fig~45 is a block diagram showing an example of construction 

of the encoder 18 shown in Fig.40. 

Fig.46 illustrates the operation of a ~rediction switching 

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 

rionstruction of a decoder 31 in.Fig.40. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

-· # 

Referring to t.he. drawings, preferred embodiments of the 

present invention will be explained in detail. 

Fig.~ schematically illustrates a arrangement of a pjcture 

signal encoding and decoding system for picture signals embodying 

the present. invention. 

In· this figure. an input moving picture signal Sl ·is 

supplied from, for example, a video tape recorder (VTR) 161, to 

an· input terminal 171. This input moving picture signal Sl is 

a signal of moving pictures containing lone fields which do not· 

constitute a non-interlaced frame or which are irregular in the 

period of paired f lelds of the non-interlaced frame becaus~ of 

processing, such as field editing, performed· on· the non-

interlaced frame sequence (Fig.2). 

The input moving picture signal Sl is" supplied to a non-
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interlaced frame detection circuit 172. ·The non-interlaced frame 

detection circuit 172 detects the c6mbination 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 ~o as not to be encoded by a 

downstream side encoder 163. This may be achieved by removing 

the lone field from the input moving picture signal 81 by the 

non-interlaced frame detection ~ircuit 172, as will be explained 

subsequently. 

The non-interlaced frame detection circuit 172 outputs a 

field signal 86 which is converted by a scan converter 162 in the 

.• . # 

input sequence into· a frame picture to produce frame signals 

which. are provided to an encoder 163 which wi 11 be explained 

later in detai 1. An encoded bi tstream signal 8204 from the 

encoder 163 is taken out at an output terminal 173 so as to be 

provided to· and s·tored in,· for example, a storage medium 164. 

An encoded bitstream signal from, for example, the storage 

medium 164, is provided to an input terminal 176 of.the decoding 

a~paratus and ~h~nce to ~ decoder 165 so as to be decoded into 

a frame signal 206. This frame sig~al 206 is ~rov~ded 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 8208. This output moving picture 

signal 8208 is taken out at an output terminal 178 so as to be 

displayed on a monitor 167. These components will be explained 
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in detail subs~quently. 

The ·configuration· of the non-interlaced ·frame detection 

circuit 172 of Fig.4, configured for detecting a lone field and 

subsequently removing the detected lone field, will be explained 

by referring to Fig.5. 

To an input terminal JOO of Fig.5 is supplied the input 

moving picture signal Sl of Fig.4 so as to be sequentially stored 

in field memories 201 to 203. rhus, 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 ·differ~n~e between the past field 
- . # 

signal 8301 and· the current field signal 8302 to find a 

difference signal 8304. The ab~olute value of the difference 

value signal 8304 is found by an absolute value circuit 206 and 

a field-based sum of the absolute values of each field is 

calculated b·y a sum circuit 208. Similarly, ··an adder 205 ·finds 

a difference value between the future field signal 8303 and the 

current field signal 8302 on the pixel basis to find a difference 

signal 8305. The absolute value of the difference value signal 

S305 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 8308 and S309 are entered to a 

' . comparator 201 which compares the magnitudes of the signals 8308. 

8309 to each other and outputs the result to a flag 82. The 

value of the flag 82 is 
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82 = 1 for 8308 ~ 8309 and 

S2 = b for 8308 < 8309. 

If 82 is equal to 1, it iridicates that the current field is 

corr~lated more··strongly with the future field, whereas, if 82 

is equal to 0, it specifies that the current field is correlated 

more strongly with the p~st iield. The values of S2 up to past 

two fields are stored in delay circuits 211 and 212. 

Figs.6 to 9_show an example of calculations of th~ flag 82 

for an actual input moving picture signal 81. In ·Figs.8 and 9, 

upper case letters and lower case letters specify the first field 

(top_ field) and the second field (bottom_ field), respectively. 
. . # . . 

A non-interlaced frame is constituted by the same upper and lower 

case letters. The symbol "?" stands for a lone field not 

constituting a non-int·eriaceci. frame. It is seen from Figs. 6 to 

9 t~at, if a non-interlaced frame is converted into two fields 

beginning from· the first field (top_ field) of· an interlaced 

frame, such as shown at IA al in Fig.6, the first field (top 

field) ls correlated more strongly with the future second field 

(bottom_ field), so ·tha.t the flag S2 is 1. On the other hand, 

the second field (bottom ·field) is correlated more strongly with - ·. ~ 

the past se-cond f·ield (bottom_ field), so that the flB:-g 82 is 0. 

If a non-interlaced frame is c6nverted into two fields beginning 

from the second field (bottom_ field) of an inte.rlaced frame, 

such as shown at dlD in Fig.6, the second field (bottom_ field) 

is correlated more strongly with the future· first field (top 
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field), so that the flag S2 is 1. On tha other hand, the first 

f i_eld (top_ f ie.ld) is correlated more str~ngly with the p_ast 

s·econd field (bottom_ field), so that the flag 82 is 0. 

The flag S2 at a lone field "?" is explaine~. Since the 

lone field in Figs.6 and 8 is contained in some future sequence, 

the flag S2 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 lone field is 

removed by a field removing unit· 218 from the input moving 

picture signal Sl. · 

The flowchart of the algorithm is shown in Figs.10 and 11, 

where fp represents the field time as from the inputting of the· 

field of the input moving pictute signal and incrementation of 

the field t itne f p denotes that the time of the signal Sl advances 

towards future. For example, fp = fp + 2 denotes that the time 

of the signal Sl has advanced two fields towards future, that is 

that the inputting of 8l is advanced by two fields. The s:uffixes 

such as [fp] to 82 denote the· field time. 

A signal 83 becomes 1 at a field time when a lone field not 

constituting th~ non-interlaced frame is detected. 

The parity of the current field at time fp is ief lected in 

a signal 84,. which becomes 1 and 0 for. the first fie'ld (top 

field) and for the second field (bottom_ field). respectiveiy. 
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A signal S5 is a flag specifying that a field has been 

removed sine~ time fp until two fields on the future side of the 

time fp. The ·1ane field detected at 83 is removed. 

The signal S5 may be thought of as a. flag specifying which 

of proximate two past fields or proximate 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 signal S4 ·may be thought of as a· flag specifying which 

of the first field (top_ field} or· the ·second field (bottom 

field) of the encode#d frame is to be displayed.· first when 

decoding and reproducing the encoded frame. 

"Referring to the flow chart of Figs.10 and 11, the operation 

of the lone field detection is explained. 

At a first step .. 301 of Fig.10, the fie~d time fp of the 

signal Sl is· set to 1 (fp = 1). 

At step 302, the parity of the field of time fp 

dis~riminates whether or not the field is the first field (top 

field). If the result of detection at st~p ~02 is YES~ that is 

if the parity of the field. is top_ field, processing transfers 

to step 305 via node 303. ·If the result 1.s NO, processing 

transfers to step 316 via node 304. 

At a step 305, it i• discrimin~ted whether or not the flag 

S2 [fp + 2] two fields towards future ·is 1. If the result is 
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YES, the proc~ssing transfers to step 306 and, if otherwise, to 

step 309. 

At step 306, the signal' S4 [fp] and the signal S5 [fp] are 

set to 1 and 0, respectively (S4[fp] = 1 and S5[fp] = 0). 

At step 307, the time of the signal Sl is advanced two 

. fields (fp = fp + 2),. after which processing reverts to step 305 

via noQ.e 303. · 

At a step 309i it is discriminated whether or not the flag 

S2 [fp + 1] one field towards future is 1. If the result is YES, 

the processing transfers to step 310 and, if otherwise, t~ step 

311. 

. At step 310, 'th~ field of time fp is a lone field not 

constituting a non~interlaced frame. The flag S3[fp] is 1 and 

the field of time fp is removed from the signal Sl. 

At step S311, the field of time fp + 2 is a lone field not 

constituting a non-int~rlaced frame. The flag S3[fp + 2] is 1 

and the field of -time (fp + 2) is removed from the signal Sl. 

At step 312, next to the steps 310 and 311, th~ flag S4[fp] 

and flag S5[fp] are ~et to 1 (S~ [fp] = 1, S5 [fp] = 1). 

At step 313, the time of Sl is advanced three fields (fp = 

fp·+ 3). Processing then reverts to step 316 of fig.8 via node 

304. 

At step 316, it is judged whether or not the flag S2 [fp + 

2] for two field towards f~tur~ is 1. If the result 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 0,. while the flag 

S5 [fp] is set to 0 (S4 [fp] = 0, S5 {fp] = O). 

At step 320, it is· judged whether or not the signal S2 [fp 

. + 1] one field towards future is 1. I.f the result is YES, the 

processing transfers to step 321 and, if otherwise, to step a22. 

At step 321, the field of time fp is a lone field not 

constituting a non-lnterlaced frame. The flag S3[fp] is 1 and 

the field of time fp is removed from the signal s1: 

At step 322, the fiel.d of time fp + 2 is a lone field not 

constituting a non-interlaced frame. The flag S3[fp + 2] is 1 

and the field of time (fp + 2) is removed fro~ the signal Sl. 
. . ~ 

At step 323, neoct to the steps 321 and 322, the flag S4[fp] 

and flag S5[fp] are set to 1 (S4 [fp]. = 0, S5 [fp] = 1). 

At step 324, the time of Sl is advanced three fie~ds (fp = 
fp + 3). Processing then reverts to step 305 of Fig.10 via node 

303. 

In this manner, the lone fields not constituting the non-

interlaced frames are detected and removed. 

In Figs.6 to 9, examples of the flags S_3 to S5 and the field 

signal 86 from the lone 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 detection circuit 172 is explained. In Fig .12 ,. 

the parts corresponding to those 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 Sl· of Fi~.4. This signal Sl is 

sequentially stored in field memories 201 to 203. Thus, if the· 

current field, such as the n'th field, is stored in the memory 

202, the (n - l)st field, which is a past field, and a (n + l)·st 

field, which is a future field, are stored in the memories 201 

and 203, respectiveli .. 

The non-interlaced f:rame calculating circuit 224 perform·s 

·calculations as to whether or no~ the (n - l)st field 8321 and 

the n'th field 8322 represent. the combination of the non­

interlaced frame, and outputs ·the results of calculation~ S324 

to a comparator 2Zi5 ~' The non.;....interlac.ed frame calculating 

circuit 225 p~rforms calculations as to whether or not the n'th 

field S322 and the (n + l)st field $323 represent the ~ombination 

of the non-interlaced frame, and outputs the results of 

calculation~ S325 to the comparator 226. 

The a.lgori thm for calculating whether or not two given 

fields represent the combination of the non-interlaced frames by 

these: non-interlaced frame calculating circuits 224, 225 is 

explained by referring to Fig .13, in which the algorithm is 

represented by the so-cal led C-language·. 

Referring to Fig.13, "F(pi~el, line)" represents the value 

of the.pixel i'n·a frame constituted by the (n-:- l)st field 5·321 

a·nd the n.' th field 8322 and the value of the pixel in a .frame 

constituted by the n'th field SS22 and the (n + l)st field 8323 
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in the calculating circuits 224 and 225, respectively. "1 ine" 

denotes the count value of the number of lines of a frame and is 

counted up to a maximum value "frame_ vertical_ size". The O'th 

line, that is "line=O", and the first line. that is "line=l", 

represent the first field (top_ field) and the second field 

(bottom_ field). resp.actively. "pix" denotes the count value of 

the number of pixels on each line and is counted up to a maximum 

value of "frame_ horizontal_ size" .. The O'th pixel, that is 

~pix=O", begin~ with the left~most ~ixel of each line. 

The equation. A in Fig.13 calculates the line-to-line 

difference "difl" for calculating the correlatiori between the 

. . ·' i'th lines of the first and second fields. If each field is made 

up of N lines,~ assu~es part or all of values from Oto (N - 1). 

On the other hand, the equation Q calculates the line-to-line 

difference "dif2" for calculating the correlation between the 

j'th line ot the second field and the (j + l)st line of the first 

field. The value of 2 assumes part or all of the values from 0 

to (N -. 1).. The sum "var" of the absolute values of the line-to-

line differences is calc~lated, as shown in·. the equation£· 

.~Y. employing the equations A and b simultaneously, 

calculations may be carried out for ·checking if any given two 

·fields represent the combination for the non-interlaced frame. 

The calculations for the square sum may be employed in place 9f 

those fo~ the absolute values of the equation £· 

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

Referring to Fig.14, the sums Varl, Var2 of absolute values 

of the differences between neighboring lines are calculated for 

field sets 8F1 and CF2• That is, as for the field set CFl' the 

differences 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 subtracters 111, the corresponding absqlute values are 

found by an absoiute value circuit 112 and the sum of the 

absolute values is fo.u~d by _an adder 113 for finding the sum Varl 

of the absolute values of the differences betwe.en respective 

neighboring lines. As for the field set CF2, the differenc~s 

between the d~ta of ~espective lines of the first field shown by 

a slid line· in Fig .• 14 and the data of respect·ive lines· of the 

·second field shown.by a broken line and the differences between 

the d~ta of respective lines of the s~cond.field and the dat~ 

of respective lines of the first field are found by subtracters 

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 adde~ 123 for f ind~ng 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 correct non-

interlaced frame. The reason for giving this judgment is that 

the paired fields of the correct non-interlaced frame suffers 

from the high frequency 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 replaced by square circuits. 

In the algorithm of Fig.13, the signals S324 and S325 are 

outputted by the calculating circuits· 224 and 225 as calculated 

values - "var". The signals S324, S325 are provided to the 

·comparator 226 where the magnitudes of the signals S.324 and S325 

. # 

are compared to eacn.other to output a flag S22 for the result. 

The value of the flag 822 is assumed so that, for 8324 < S325, 

S22 = 0 and, for 8324 ~ S325, S22 = 1. On the other hand, if the 

flag S22 is "1", it. specifies that the n'th field is the 

combination bf the (n + l)st field and a non-interlaced frame. 

This algorithm takes adva·ntage of the fact .that,· if any given two 

fields correspond t·o the combination for a non-interlaced frame, 

the line-to-line correlation between two fields is high so that 

the sum of the absolute values of the line-to-line differences 

becomes small. 

Figs·.15 and ·16 show an example of cal ..:ulat ions of the flag 

S22 for an actual input moving picture signal 81. In Figs .15 -and 

16,"as in the above example shown in Figs.6 to 9, the upper case 

letters and lower case letters specify the f i r·s.t. field (top 
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field) and the second field (bottom_ field), respectively. A 

non-interlaced frame is constituted by the same upper and lower 

case letters. The symbol "?" stands for a lone field not 

consti~uting a non-interlaced frame. 

It is seen from Figs.15 and 16 that, if a non-interlaced 

frame is converted into two fields beginning from the first field 

(top_ field) of an interlaced frame, such as shown at·--IA al in 

Fig.6, the first field .(top_ field,) "A" is correlated more 

strongly with the. future second field (bottom_ field) "a", so 

that the flag S22 is 1. On the other hand, the second field 

(bottom_· field) "a" is correlated more strongly with the past 

. ' . 
second field (bottom..;. field) "A", so that the flag 822 is O. If 

a non-interlaced frame is converted into two fields beginning 

from the second field (bottom_ field) of an interlaced frame, 

such as shown at Ci.ID in Fig.·6·, the second field (bott0m_ field) 

"d" is corr•lated more strongly with the future first ~ield (top 

field) "D", so that the flag $22 is 1. On _the other hand, the 

first field ("top_ field) "D" is correlated more strongly with the 

past second field (bottom_ field) "d", so that the flag S2 is 0. 

The reason the lone field "?" is produced is that field 
' . 

editing has previously been carri~d out on the non-interlaced 

frame sequence at each edit time point. 

The flag S2 at a lone field "?" is explained. s·ince the 

lone field in Fig.15 is contained in som~ future sequence, it has 

strong correlation with the future field, so tha~ the flag S2 is 

.. 

.. 
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set to 1. On the other hand, the lone field is contained in some 

past sequenc~. and hence.has strong correlation with the past 

field, so that the flag S22 is set to 0. 

Although judgment as to the combination of the non-

interlaced frame is given on the-basis of the flag 822 outputted 

from the comparator 226, there are occasions where an incorrect 

value of the flag 822 is outputted. Such incorrect judgment may 
. . 

be reduced by storing several values of the flag 822 time-

sequentia)ly in a memory or register 227 and by givin·g ultimate 

judgment as to the combination of the non-interlaced frame 'on the 

basis of a pattern of an array.of plural values of the flag 822. 
• . .# 

An .illustrative example of a method for judging the 

combination of· the non.:....interlaced frame from the flag 822 is 

shown in Fig .17, in which the algorithm. is shown by the so-cal led 

C-language representation. 

In Fig. 17, n ·specifies the field time elapsed since the 

input of a field of the input moving picture signal 81, while 

Sl [n] and 822 [n] specify the flag 822 for Sl [n]. If i1 is 

incremented, it specifies that the time of the signal Sl proceeds 

towards future. For example, n = n + 2 specifies that the time 

of the signal Sl has proceeded two fields towards future, that 

is that the· inputting of Sl has proceeded two fields. 

In Fig.17, the varia~le "isTop_ field" reflects a parity of 

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

of the input signal 81 .shown in Figs .15 and 16 begins with top 
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field, "isTop_ field=!", as shown at the line 4 of Fig.17. Since 

the parity at field time n is reflected in the· variable top 

field_ first(n), it. is set to "1" · or "O" for top_· field or 

bottom_ fie~d. respectively. A variable: repeat_ first_ field[n] 

is a flag s.pecifying removal ·.of the lone variable. The variable 

pattern[n] is used for controlling an output of a picture output 

controller 228 of Fig.12. 

If the AND c·ondit.ion from line 7 to line 10 of. Fig.17 is 

met, removal of the lone field is commanded, with repeat_ first 

field[n] being 1. The variable top_ first_ field[n] is set in 

accordance with the value of "isTop_ field". The next check is 
• . .# 

carried out three fields later, as n=n+3 at line 29 iridicates. 

Thus the value of "isTop-'- field" is inverted s.o that it operates 

as a parity for the riext check field, as line 18 and line ·26 

indicate. 

If the above AND condition is not met, the previous state 

of the variable persists. The next check is periormed two fields 

later, as line 39 indicates. 

Fig.18 shows an algorithm correspondirtg to the algorithm of 

Fi~.17. 

In Fig.18. the conditions CND1 to. CND5 of Fig .17 correspond 

to respective decision steps CND1 to· CND5 of Fig.18. The 

remaining steps of Fig.18 specify the setting of the variables 

n, "isTop_ field". top_ first_ 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 pattern[n] for the input signal Sl shown in Fig&.15 

and 16 in accordance with the algorithm shown in Figs.15 and 16 

is now explained. In Figs.15 an~ 16, 824 and 825 specify top 

first_ field[n] and repeat_ first_ field[n], respectively. 

The process in which a picture output controller 228 of 

Fig.12 controls.a picture output of a delay unit 229 to output 

a signal 826 is explained.· Th~ delay unit 229 is a memory for 

storing fields on the futur·e side with respect to the (n + 1) st 

field and is able to. output a field picture with a specified 

delay from a picture output controller 228.· In the example of 

.· ' Figs.15 and 16, a 7-f·ield memory ~s required. A frame memory may 

be employed for constituting the delay unit 229 and the field 

memories 202 to 203. 

The picture ·output 826 is outputted as shown in ( 1) to ( 6) 

below on the basis of a va·riable "pattern". Specified examples 

are shown in Figs.15 and 16. 

(1) For pattern = 1 

Two fields of a fie1d signal 8104, delayed by four frames 

from Sl, are outputted sequentially. 

(2) For pattern = 2 

A signal 8103, delayed three frames from Sl, is outputted. 

A signal 8104 and two invalid fields 1--1 are then outputted in 

this order. 

(3) For pattern = 3 
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Two ·fields of the s ig11al 8104 and two invalid fields are 

oµtputted in this order. 

(4) For pattern = 4 

A signal 8104 is outputted 1 an4 a signal Sl05, delayed five 

frames from the signal Sl, is then outputted. 

(5) For pattern = 5 

Two fields of a signal S104 are outputted sequentially~ 

(6) For ·pattern = 6 

A signal S104 and a signal S105 are outputted sequentially. 

The invalid field is such a field entered to the next stage 

encoder but not processed effectively. The invalid iignal .is 

specified by_ a symb"ol" "-". In Figs.15 and 16, frame delay 

amounts .of the output ·S26 relative to the input signal 51 are 

shown. 

The example of Figs~15 ~nd. 16 indicate that, as compared to 

the input 51:, the output 526. is freed of the lone field II ? II . . 
while the first field and the second field making up a non-

interlaced frame are changed to an interlaced frame in which the 

first field is entered first. By inserting the invalid frame, 

the frame period of 826 is locke.d with respect to the frame 

period of the input 51. · Thus the downstream side encoder is able 

to be locked in operation with respect to the frame period of the · 

input Sl. 

Referring again to Fig~4. the field signal 52, output~ed by 

the non-interlaced frame detection uhit 172, is converted by the 
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scan converter 162 in the input sequence into a frame picture. 

In the example of Figs.15 ~nd 16, "I" of S26 stands for the frame 

boundaty. Thus it is seen that a frame picture is constituted 

at an inter-val of two fields outputted based upon the above 

pattern. 

The input frame S203, associated flags S24 (top_ first 

field[n]) and (repeat_ first_ field[n]) and an invalid frame· :f.'lag 

are entered to an encoder 163. The flags S24 (top_ first 

field[n]) and (repeat_ first_ field[n)) can be encoded .using 

flags of the same name as defined in MPEG2. The encoder does not 

effectively process an input frame for which an invalid frame 

. # 

flag has been set. ··The detailed structure of the en.coder 163 

will be explained subsequently. 

An encoded bi tstream S204 is supplied to the recording 

medium 164. In the above-described embodiment, the algorithm for 

judging the· combination of the non-inte.rlaced frame shown in 

Fig.23 is constructed. using a pattern of array of seven S22 

signals S2[n] -.S2[n+6]. However, a pattern of array of a larger 

number of ·signals S22 may be employed· for further reducing the 

risk of_giving mistaken judgment of the non-interlaced frames. 

Conversely. e. pattern of array of a smaller number of signals 822 
. . 

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 to Fig.19, a modified embodiment of the picture 
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signal encoding apparatus according to the present invent ion wi 11 

be explained in detail. 

To an input terminal 101 of Fig.19 are entered, as an input 

picture signal, a picture string converted from ·th~ non­

interlaced pictures NF into plural f i~ld sets each made up of two 

field pictures, .that is frames CF, e~ch beginning w~th the first 

field or top field Ft of an interlaced picture, as shown iti 

Fig. 2B, and another picture string converted from the non­

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

field pictures, that is frames CF, each .beginning with the second 

field or bottom field Fb of an interlaced picture, as shown in 

Flg. 2B. These picture ~trings are 1 inked to each· other by editing 

as shown in Fig.2D. 

The input picture ~ignal is provided to an irregular pattern 

detection circuit 103, as detection means for a pre-processing 

circuit 102,· where it is judged wheth~r two fields corresponding 

to one of the non-interlaced pi-ctures begins with the first field 

or with the second field. The irregular patte~n detection signal 

and picture data, as output signals of the irregular pattern 

detection circuit 103, are provided to a re-constructing circuit 

104 for the non-interlaced picture as re-constructing means. 

This re-constructing circuit 104 reconstructs and outputs a non­

interlaced picture depending upon whether paired field pictures 

corresponding to the non-interlaced pictures of the picture 

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

An 6utput signal.of the re-constructing circuit 104 for the 

non-interlaced picture is provided as an output signal of the 

pre-p~ocessing ·circuit to an encoder 105. In the present 
. 

modification, an encoder for performing compression ~needing by 

exploiting line-to-line correlation or frame-to-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_ field[n] as later explained are used, ·in addition 

to picture 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 illustrative example of the 

encoder 105 will be explained subsequently. 

First, the manner of detecting paired fields or a frame 

constitu~ing a correct non-interlaced picture by the irregular 

pattern detection circuit 103 as detection means of the pre-

1>rocessing circuit 102 of Fig.19, is explained. 

Fig.20.shows an irregular pattern in which the combination 

o{ sequences of no.n-int.erlaced pictures is disrupted. It is seen 

that objectionable sequences SQ1 or SQ2 are produ.ced when a 

sequence of paired fields corresponding to a non.:...interlaced 

picture beginning fro.m the first field Ft and a· sequence ·of 

paired fields (frames) corresponding to a non-interlaced picture 

beginning from the ·second field Fb are linked together by 

• 
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editing. 

Thus, as shown in Fig.21A, two sets of fields CF1 and CF2 

containing a pre-set· field, herein a second field Fb0, are 

formed. One- CF1 of the rields, or a frame, is made up of a field 

pair of a first field Ft1 and a second field Fb0, arrayed in this 

order, while the other CF2 of the fields, or a frame, is made up 

of a field pair of a second field Fb0 and a first field Ft2• One 

of these field sets CF1 or CF2 represents a combination 

corresponding to the correct non-interlaced frame, as indicated 

in Figs.21B or 21C. 

For detecting the set of fields constituting a frame of a 

-· # 
correct non-interlac·ed picture. a detection circuit shown for 

example in Fig.14 may be employed. 

The method for encoding an objectionable pa~tern following 

detection of an irregular pattern in case of disruption of the 

combination "of the non-interlaced sequences is now explained. 

Fig.22A shows an irregular pattern detected as described 

above, or the objectionable sequence SQ. What is objectionable 

in e~coding the sequence is the lone field Fx shown in Fig.22B. 

The lone field Fx is a field generated by editing and not having 

a counterpart in forming a non-interlaced frame. If encoding is 

to be made by exploiting e.g .• frame correlation, this lone field 

Fx cannot be encoded. Thus, as shown in Fig.22B, such lone field 

Fx is basically removed for interpolation using e.g., forward or 

backward side fields. 
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Fig.22C show~ a case in which such interpolation has been 

made by repeating a previous field Ft1 in place of the removed 

·lone field Fx. The set of field pictures, comprising .such 

·.repetition of. the previous frame Ft1, is termed CFtF. Such 

interpolation may also be made by repeating a succeeding field 

Ft2 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 Ft2 , is termed CFtB. Of the sets of paired 

fields corresponding to the non-int·erlaced picture, or frames 

b~ing encoded, in Figs.22C and 22D, the set of field pictures 

beg5nning from the first field Ft and that beginning from·the 
. . 

second.field Fb are termed CFt and CFb, respectively . 

Fig.23 • shows an . examp 1 e in which the pattern shown ·in 

Fig.22C is processed with mo~ing picture encoding using frame 

correlation as later explained. In this encoding, the sequence 

of the set of fi"eld pictures CF or frames corresponding to this 

non-interlaced picture can be encoded using the combination of 

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

repeat_ first_ fi~ld[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· begirining 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 the encoding is achi.eved by allocating numerical values 

shown in Fig.23 to the flags. 

Fig.24-shows an example of encoding the pattern of Fig.220. 

In Figs.23 and 24, the two flags top_ first_ field[n] and 

·., repeat_ first_ f ield[n] are both 1 for the sets of the encoding 

·1·: frames or set of field pictures CFtF. and CFt8, in which the 

beginning field is the. first field Ft and in which this beginning 

field is repeatedly ~isplayed. It is noted that, in the set of 

field pictures CFt8 of Fig. 24, in which the· backw_ard field Ft2 is 

repeated, data of the first field Ft as the beginning -field is 

. # 

repeated as encoding· data. 

The re-const~ucting circuit for the non-interlaced picture,· 

shown in Fig .19, executes reconstruct ion of the set of field 

pictures or the encoding frame CF, containing picture type 

scheduling a's explained subsequently, and outputs three sorts of. 

the flags, namely picture_coding_ type, top_ first_ f ield[nl and 

repeat_ first_ f ield[n]. These flags are provided along with 

picture data to the encoder 105. 

The encoder 105 generates encoded data by the fo ! lowing 

method, using the above flags, and ·outputs the data at an output 

terminal 1-6. 

The encoded output signals from the output 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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recorded thereon signals encoded with high efficiency encoding. 

With the above-described moving picture encoding method or 

apparatu.s, encoding can be executed after construe ting a frame 

so that an input frame will become a non-interlac~d frame, e~en 

if the period ~f field pairs making up 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 

moving picture, so that highly efficient picture encoding can be 

achieved. The above-described method or apparatus is effective 

when encoding video signals containing an irregular_ 2: 2 pul 1-down 

pattern due to processing, such as field editing, of video· 

signals, with a frame rate·of 25 Hz, produced by 2:2 pull-down 

from film pictures~ 

The use of the MPEG encoding standard as the encoding 

standard is now explained. 

With the encoding by the MPEG system, eich video sequence 

is divided in terms of groups-of-pictures· (GOPs) .·that is a group 

·of frames. such as 12 frames. By the prediction syatem, each 

frame is c·lassif ied into thr·ee types. namely intra-cGlded pictures 

or I-pictures, predictively coded pictures or P-pictures, in 

which motion prediction is from past and_ future P- or I-~ictures, 

and .bi-directionally coded pictures· or B-pictures, in which 

motion prediction is from past and future P- or I-pictures. In 

the present embodiment, the flag S5 explained in connection with. 

Figs.4 to 11 is controlled so as not to· be. 1 when encoding an 
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input frame as a B-picture. Thus the method of controlling_for 

the non-interlaced frame detection circuit 172 differs from the 

method shown in Fig.4 in this respect, al~h6ugh the two methods 

are similar-in the remaining respects. 

The algorithm of processing "in the non-interlaced frame 

·detection circuit in the example of encoding by the MPEG system 

~-is explained by referring to the flowchart of Fig.26.·The signal 

87 specifies the frame encoding method, and is_ designated from 

a encoding unit 163. The algorithm of Fig.26 differs from the 

algorithm shown ·in·Figs~lO and 11 in that the condition of the· 

conditional branching 305 and 316 are modified to steps 8331 and 

8332. 
. # 

Since the algorithm of Fig.26 is otherwise the same as 

that shown in Figs.10 and 11, only the m~dified portion inclusive 

of the step 8331, 8332 are shown without showing the remaining 

portions. 

That i~. the condiiianal branching step 305 of Fig.10· is 

modified as shown at the -:conditional branching step 331 of 

Fig.26. At this step 331, it i• discriminated whether the flag 

1orward by two steps 82[fp + 2] is 1 or whether the signal ·87 

specifies a B-picture. On the other hand, the condi t·ional · 

branching step 316 of Fig.11 is. modified to the conditiortal 

branching step 332 shown in Fig .. 26. At this step 332, it is 

judged whether the flag forward by two fields 82[fp + 2] is 1 or 

the signal 87 indicates a B-picture. 

Figs.27A and 27B, showing illustrative examples of signals· 
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and flags a.t varioµs portions, are directed to' removal of the 

lone field by the signal top_ field. Figs. 27A and 27B are 

directed to the method explained in connection with Figs,6 to 11 

and to the method now explained in connection with Fig.23. 

The time of the field "?" is the current time fp. In 

Fig.27A, "?" is detected as a lone field and removed. The frame 

lTFI 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"?", "?" is not detected as a lone field. 

When the .field time h~s advanced by two fi~lds (f~ = fp + 2), the 

encoding of the P-picture is· specified. The field "F" is 

detected as a lorie field ~nd refuoved. The frame lgGI is encoded 

as a P......;picture .and the flag SS is set. If, in the algorithm 

shown in Fig.26, the time of the field. "F" .is the current time 

fp, the field "F" is judged t~ be one frame not constituting a 

non-interlaced frame in ·a field sequence on the. temporally 

forward side of the current time fp .. 

Anoth.er example of removing the lone field is shown in 

Figs.28A .and 28B, in. which the lone field is removed by the 
. . . 

signal bottom~ field. Figs.28A and 28B show an example of the 

method explained in connection with Figs·. 6 to 11 and an example 

of the method explained in connection with Fig.26. 

In Figs.28A a.nd 28B, the time of the field "c" is the 

current time fp. In Fig.28A, "?" is detected as·a lone field and 

removed. The frame lccl is designated to the B~picture 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 lone field. When the field time ·has 

proceeded"by four fields, the encoding method is designated to 

P~picture and the field "d" is detected as being a lone field and 

r~moved. The frame !Eel is encoded as a P~picture and the flag 

S5 is set to 1. If, in the algorithm shown in Fig.26, the time 

for the field "d" is the current time fp, the field "d" in the 

field sequence on the temporally forward side of the current time 

fp is judged to be a lone field not constituting a non-interlaced 

frame. 
- • # 
. . 

By the above procedu~e, the lone field not constituting a 

non-interlaced frame is detected and removed. 

The field signal S6, thus freed of the lone fields and 

outputted from the field detection and removal circuit 172 of 

Fig.4, is converted by the scan converter 162 into frame pictures 

in the input sequence. The example of the· signal F6 is as 

explained in connection with Figs.27 and 28. The input frame 

signals 6203 and the associated flags 64 and 65 are entered to 

the picture encoder 163. The two flags S4 and 65 may be encoded 

using top_ first_ field[n] and repeat_ first_ f ield[n] defined 

in MPEG2. The detailed structure 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 explained herein is indispensable· 

when the picture decoder has the performance of the class of the 

so-called MP@ML (main profi.le at main level) of MPEG 2. That is, 

while a flag indicating that the lone field not consti~uting the 

non-interlaced frame has previously been. removed is transmitted 

using repeat_ first_ field[n] of MPEG2., MP@ML of MPEG2 prohibits 

r~peat_ first_ f ield[n] from being set to 1 for the frame rate. 

of 25 Hz. Thus the above specific embodiment is used for 

avoiding this rule as well as achieving highly efficient picture 

encoding. 

The embodiment of' compulsorily setting the encoding method 

to I or P for the ~lag 55 equal to 1 is explained. 

In g~neral, the P-picture or . the 1-pictu~e appears 

cyclical iy in a GOP. For example, in the GOP structure shown in 

Fig.25, both the P-pictures or tha I-pictures appear every three 

frames. 

· In. the instant embodiment, the frame encoding method is 

compulsorily set to an I-frame or td a· P-frame when the flag 55 
' . 

explained in connection with Figs.6 to 11 is set to 1. Thus the 

instant embodiment differs from the previous embodiment as to the 

method -tor controlling the signal 87 specifying the frame 

encoding method performed by the encoder 163. The instant 

embodiment is otherwise the same as the embodiment explained in 

connection with Figs~6 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 87~ 
.· 

It is noted ~hat if the P-pictures are used every three framea, 

th~ B-picture is be specified. 

· The field signal 86, outputted by the non-:-interlaced frame 

dete.ction circuit 172, is converted in the input sequence by the 

scan converter 162. Fig.29 shows an example of the signal S6. 

The input frame signals $203 and the associated flags 84 and 

85 ar.e entered to the picture encoder 163. The two flags 84 and 

85 may be encoded using top_ first_ f ield[n] and repeat_ f iTst 

f.ield(n] defined in MP~G2. The detailed structure of the encoder 

163 will be described subsequently. The encoded bitstream 8204 

is supplied to the recording medium 164. 

.The specif.ic embodiment explained herein is again 

indispensabte_ when the picture .decoder has the performance of the 

class of the so-called MP@ML (main profile at main level) of MPEG 

2. That is,.the rule prohibiting repeat_ first_ field[n] of the 

B-picture from being set to 1 as described above may be avoided 

while efficient picture encoding may be achieved. 

Meanwhi.le ~ if the above MPEG encoding standard is used· in 

picture signals ·of the PAL (Phase Alternation by line) system, 

it is prescribed that field repetition in the sequence of the PAL 

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

telecine pattern as described above appears in the above PAL 
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system and needs to be coped with appropriately. This' is now 

explained by referring to Fig.30. 

In Fig.30, it is up to the encoder to decide where field 

. . 
repetition is to be done for encoding the objectionable irregular 

pattern, In the pr.esent embodiment, field repetition is 

scheduled to occur at an I-picture or at a B-picture. 

· 1~hat is, with a sequence containing the irregular pattern 

as shown in Fig.30A, encoding can be done without contravening 

the above rule by scheduling the set of fields CFtB containing 

field"repetitJon so as to correspond to the P-pic~ure as shown 

in Fig.SOB. Meanwhile, if the set of ·fields.CFtF containing the 

field repetition corresponds to the B-picture during encoding, 

the above· rule is violated. Thus the scheduling is done for 

avoiding such encoding, and the sequence thus scheduled is routed 

to the encoder 105 of Fig.19. 

In the non-interlaced picture re-constructing circuit 104, 

reconstruction of the encoding frames of field picture sets DF, 

inclusive of the picture ~ype scheduling as described above~ is 

per~ormed, and three sorta of f~ags picture_ coding_ type, top 

first_ field[n] and r~peat_ first_ field[n] are outputte~ and 

ro~ted along with picture data to the encoder 105. 

An illustrative exa~ple of using a non-interlaced frame 

detection circuit configured as shown in Fig.12 is now explained 

in detail. 

An illustrative algorith~ for judging the combination of the 
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non-interl~ced frames from the flag S22 in case of employin~ the 

circuit of Fig~12 is shown in Fig.33.· The flag "picture_ coding 

type on line 7 denotes the frame encoding method de~ignated by 

the downstream side encoder 163 shown in F°i.g. 4. The present 

algorithm differs from the algorithm shown in Fig .17 with respect 

to the ·AND conditions on lines 7 to 11. -In the instant 

embodim.e-nt. the condition for repeat_ first_ field[ n] being 1 in 

th~ algorithm of Fig.17 hold~ if additionally "pi~ture_ coding 

type" is other than "B-picture". 

The flowchart corresponding to the algorithm of Fig.33 is 

Shown in Fig.34. 

In this f igurf:i., 
1 

the conditions CND1 CND15 of Fig. 33 

correspond to the condition discrimination steps CND11 - CND15 -of 

Fig.34. The remaining steps of Fig.34 _show variables n, isTop 

·first, top_ first_ field[n], repeat_ first_ field[n] and 

pat tern (n] . ·. 

An illustrative example is shown in Figs.31 and 32, of which 

Fig.31 shows the results ·of discrimination of top_ first 

field[n] and repeat.:_ first....:. field(n] for the same input Sl.as 

that of Fig.15 by the· algorithm qf Fig.33. Fig. 32 shows the. 

results of judgment of. top_ first_ field, repeat_ first_ field 

and· pattern by the algorith~ of Fig.33. 

The deference of Fig.31 from Fig.15 resides in the fact 

that. in Fig.15, pattern=15 for repeat_ first_ field=! at n=15, 

that is at "?" at the 15th field ~f Sl, such that the lone field 
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is removed, w·hereas, in Fig.31, since picture~ coding _ type 

designated by the field "?" is B-picture, repeat_ first_ field 

is not set to 1. In the algorithm of Fig.33, it is for the n=19 

for a field"-"i" that repeat_first_field .becomes 1_, at whfch time 

pattern=5 and the field "i" is remov~d. 

The diiference of Fig.32 f~om Fig.16 resides in the fact 

that, i~-~ig.16, pattern=5 for repeat_ first_ field=! at n=4, 

that is at "C" at the fourth ~ield of Sl, such that the lone 

field"?" is removed, whereas,· in Fig.32, since picture_ coding 

_ type designated by the field "C" is B-plcture, repeat_ first 

field is not set to 1. In the algorithm of Fig.33, it is for n=6 

for .a fie.ld "?" that repeat_f.irst_field becomes 1, at which time 

pattern=2 and the field "?" is removed. 

In Fig.31, the field "i" is inherently a combination of 

producing the field "I" and the non-interlaced frame. In the 

algorithm of Fig.33, the field "i" is removed due to limitations 

that repeat_ first_ field is not set to 1.for .the B-picture. The 

reason is that the fields "h" and 0 I" ·are combined to form a non­

interlaced frame, which is not inherently correct, so that, when 

the ·field "J" and ;, j" are combined to form a non-interlaced 

frame, the field "i" has -to be set to the lone field. Thus, in 

. the instant embodiment, in distinction ·from the algorithm of· 

Fig.17, a .frame- suffering from lowering in the encoding 

efficiency tends. to be produced at )Jack or ahead of the frame 

where repeai_ first_ field is 1 (frame II hi 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 b~ effectively coped with by 

raising the bit rate for the frame. 

The lone f i~ld not constituting the non-interlaced frame is 

detected as described above and removed. 

Referring again to Fig.4, the output fi~ld s~gnal 826 from 

the non-ihterlaced frame detection unit 178 is converted by the 

scan converter 162 in the input sequence into a frame picture 

8203. It is seen that, in the embodiment of Figs. 31 and 32, "I" 

·in 826 is the frame boundary. It is seen that a frame picture 

is constructed at an interval of two fields outputted on the 

-· -~ basis.of the above pattern. 

The input frame 8203 and the.associated flags S24 and 825 

are entered to the picture encoder 163. These two flags 824 and 

8.25 may be encoded using top_ first...:....· fiel~[n], repeat_ first 

f ield[n] deflned in MPEG2. The encoded bi tstream 8204 from .the 

encoder 163 is stored in the storage medium 164. 

The decoding apparatus showri in Fig.4 is explained. 

From the sto~age medium 164 of Fig.4, an encoded bitstre~m 

signal 8205 is provided ·via a terminal 176 to the picture decoder 

165. In he picture decod~r 165, a frame signal 8206 is reproduced 

from the encoded bitstrea~ signal 8205. The picture decider 165 

will be explained subsequently in detail. 

For each frame of the frame signal 8206, ·a first flag 810 
... 

specifying from which of top_ field or bottom_ field a picture 
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is to be displayed, and a second flag Sll, _specifying that the 

field has been removed, are decoded. These lags SlO and Sll are 

assoc iat'ed . with the flags 84, SS or S24. S25 explained in 

connection with the explanation for the encoder. 

Each fr~me of the frame signal 8206 is converted by the scan 

coriverter 166 into two fields.of the field signal 8207, that is 

top~ field=:·and bottom_ field. An output controller 177 controls 

picture display of the field signal S207 by the flags SlO and 

811. 

When the flag 810 is 1, top_ field is outputted first, 

whereas, when the flag 810 is' 0. bottom_ field is outputted 

first. 

If. the flag 811 is 1, one previously decoded and reproduced 

field is interpolated. For example, an initially_ outputted 

field, .as commanded by the flag 810, is iteratively outputted. 

In such case, the two flags SlO and·811 may be re~lized using top 

first_ field and repeat_ first_ field defined in MPEG2. In this . . . 

manner, a signal 8208 'is outputted on.the ~asis of the signal 

8207 and the flags 810 and 811. This signal 8208 is displayed. on 

· a monitor 16~. 

The processing by ari output controller is specifically shown 

in· Figs .. 35 to 38. These four examples illustrate outputs 

corresponding to the encoded bitstreams of the sequences 

explained in ponnection with Figs.6· to 9, respectively. · 

'An illustrative example of the picture encoder 163 shown in 
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Fig.4 is explained by referring to Fig.39. The embodiment of 

Fig.39.implements the hybrid encoding method consisting in the 

combination of motiqn-compensated inter-frame prediction and DCT 

widely known in MPEG2. 

An input moving picture _signal 8203 is supplied at a 

terminal _360 of Fig.39. Each frame is. encoded by any one of 

three methods of I-picture~. P-pictures or B-pictures. 

In case of a GOP composed of 12 frames, as shown -in Fig. 25, 

a frame I2 is encoded as an I-p.icture, while frames BO and Bl are 

encoded as a B-picture and a frame P5 is encoded as a P-picture. 

The frames B3, B4, PS, B6, B7, Pll, B9 and BlO are then encoded 

. # . 

in this order. The.~icture encoding method is carried out by a 

picture encoding type designat~ng circuit 371, which outputs the 

signal 87. 

This signal 87 is entered to a motion· v.ector estimation 

circuit 370 where inter-frame motion vector is detected. Motion 

vector estimation is performed by pattern matching between a 

reference frame and a current 16 pixel by 16 line macro-block. 

That is, a sum Ef of absolute values I Aij Fij I of the 
. . 

difference between the signal Aij of the current macro-block and 

the signal Fij of an arbitrary block indicated by a mot ion 

vector, that is 

Ef = IjAij - Fijj 

is found. 

The motion vector detection circuit 370 outputs the motion 
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vector information 843 for which Ef becomes minimum. A motion 

compensation inter-frame/intra-frame prediction circuit 367 

outputs a prediction picture signal 890 read out ~ith the motion 

vector information 823. An adder 361 calcuiates the difference 

between signals 8203 and 890 to take out a predicted residue 

signal 891. If the signal 87 indicates an I-picture, prediction 

is not made and· the input moving picture signal 8203 is directly 

outputted. • 

The predicted r·esidue signal 891 is processed by a DCT 

circuit 362 with two-dimensional DCT. If prediction is not done, 

it is t~e original ·signal that ~s processed with two-dimensional 

DCT. The DCT coefficients are scalar-quantized by a quantization 

circuit 363. The resulting quantized output is Huffman-encoded 

by a varjable length encoding (VLC) circuit 368. The 

quantization step Q and the motion vector information 844 are 

Huffman-encoded an ths frame basis by the VLC circuit 368 on the 

macro-block basis. The frame signals 87 and the above~mentioned 

flags S4 and S5 are Huffman-encoded by the VLC circuit 368 on the 

frame basis. 

A buffer _369 smoothes the bit rate outputted on a 

transmission channel. If overflow is likely to 6ccur, the buffer 

369 operate~ to feed back that effect and increases the 

quantization step of the quantization circuit· 363 while 

decreasing the amount of the. information outputted from ~he 

quantization circuit 363. 
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On. the other hand,· data outputted by the quantization 

circuit 363 is fed to a dequantization circ~it 364 where it is 

dequantize.d responsive to the quantization step Q supplie.d ftom 

·the quantization circuit 363. An output of the dequant izat ion 

circuit 364 is supplied to an inverse DCT circuit 365 for inverse 

DCT processing. An output of the dequantization circuit 364 is 

entered to the inverse':DCT circuit 365 where it is inverse DCTed. 

The decoded prediction residue signa1 $92 is e~tered to an adder 

366. 

The same d~ta as the prediction residue signal S90 supplied 

to the adder 361 is supplied to the adder 366. The adder 366 
•· # 

adds the signal 890 ~o the signal S92. This generates locally 

decoded picture data. This picture is ·the same signal as the 

output picture on the receiver side. 

Referring to Figs.37 to 45, illustrative examples of 

encoding and decoding of the moving picture signals are explained 

in further detail. In these illustrative embodiments, picture 

signals are encoded for compression by exploiting line-to-line 

or inter-frame correlation of picture signals. 

If the line-to-line correlation is exploited, picture. 

sign~ls can be further processe·d with, for example, discrete 

cosine transform (DCT) for data compression. 

In inter-frame correlation is exploi te·d, picture signal can 

be further compressed by encoding. For example, if frame 

pictures PCl, PC2 and PC3 are generated at time· points t = tl, 
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t2 and t3. respectively, as shown -in Fig. 40A, the difference 

between the picture signals of the frame pictures PC! and PC2 may 

be calculated to generate_ a picture PC12, as shown in Fig~40B, 

while the difference between the picture signals of the frame 

pictures_PC2 and PC3 of Fig.40B may be calculated to generate a 

picture PC23, as shown in Fig.40B. Since pictures of frames of 

temporally neighboring frames ar·e not changed so significantly 

'from each other, the .difference signal produced on calculation 

.of the difference between the two pictures is of a small value. 

Thus, as for t~e picture PC12 shown in Fig.40B, a signal of a 

hatch~d portion of the picture PC12 of Fig.40a is-obtained as the 

difference between pic~ure signals of the frame.pictures PCl and 

PC2 of Fig. 40A. _Similarly, as for the picture PC23 shown in 

Fig.40B, a signal of a hatched portion of the picture PC23 of 

Fig.40B is obtained as the difference between picture sigrtals of 

the frame pictures PC2 and PC3 of Fig.40A. The amount of the 

codes can be compressed by encoding this difference signal. 

However, if only the difference signal is transmitted, the 

original picture cannot be restored. Thus the pictures of 

re spec ti ve frames are _arranged into three sorts of pictures, 

namely an intra-coqed picture or I-picture, a predi'ctively coded 

picture or P-picture and a bi-directionally coded picture or a 

B~picture, for compression coding the picture signals. 

That is, 17-frame picture signal from a frame Fl 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 arid 41B. The picture signals of the 

leading frame Fl are encoded as an I-pictur·e, .\\l'hi le ·picture 

signals o~ the second and third frames F2, F3 are· processed as 

a B-picture ~nd as a P-picture, respec~ively. The fourth and the 

fol lowing frames· F4 to Fl 7 are alternately processed as B-

pictures and P-pictures. 

.... As picture signals of the I-picture, picture signals of one 

frame of the I-picture are di re ct ly transmitted. As picture 

signals of the· P-picture, basically the difference from the 

tempo~ally previous I- or P-pictures is encoded and transmitted, 

as shown in Fig.38A. As ·picture signals of the B-picture, 
- • .# 

ba~ically the diff~r~nce from mean values of a temporally 

previous frame or a temporally succeeding frame ·is found and the 

difference is encoded and transmitted, as shown in Fig.40B. 

Figs. 42A and 42B illustrate the principle of the method for 

' ·. 
encoding moving picture signals. Specifically,· Figs.42A and 42B 

illustrate frame data of moving picture signals and transmitted 

frame data, respectively. In Fig.42, si.nce the first frame Fl is 

processed as an I-picture or as a non-interpolated frame, it -is 

directly transmitted on a transm'ission chancel· as trans.mission 

data FlX (non-interpolated transmission data). As for the second 

frame F2, processed as a B-picture or as an interpolated frame, 

the difference from the mean value between the temporally 

previous frame Fl and the temporally succeeding frame F3. (inter­

frame encoded non-interpolated.frame) is found and the resulting 
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difference is transmitted as transmitted data (transmitted 

interpolated frame data) F2X. 

More specifically, the.re are four different modes, for 

processing as the B-picture, which may be switched on a macro-

block basis. The first mode directly transmits data of the 

original frame F2 as transmission data F2X as indicated by a 

broken-line arrow SPl (intra-encoding mode). The processing is 

similar to that for the .I-picture. The seGond 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 transmits the 

difference from the temporally previous frame Fl as indicated by 

a broken-line arrow ·SP3 (forward prediction mode). The fourth 

mode generates the difference·between the temporally previous 

frame:Fl and ~he temporally succeeding frame F3 and transmits the 

difference as transmission data F2X (bi-directional prediction 

mode). 

Of these four modes, the mode which mini~ized the 

transmisslon data is employed on the macro-block basis. 

When transmitting the difference data, the motion vector xl 

from the· prediction picture, that is the motio~ vector between 

the forward predicted frames Fl and F2 and/or the motion vector 

x2 between the backwa~d predicted fames F3 and F2, is 

transmitted along with the difterence data. 

As for the frame F3 of the P-picture (non-interpoiated frame 
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of· inter-frame p.rediction), the difference signal from the 

tempora1 ly previous frame Fl as the. predict ion picture, as 

indicated b~ a broken-line arrow SP3, and the motion vector x3, 

are calculated, and.transmitted as transmitted data F3X (forward 

prediction mode). Alternatively, the data of the original frama 

F3 is directly transmitted as transmitted data F3X, as indicated 

by a broken-line arrow SP! (intra-coding mode). In this P-

picture, as in the B-picture, the particular method of 

transmission whic·h reduces the transmitted data volume to a 

larger extent is selected on the macro-block basis. 

The frame F4 of the B-picture· and the frame F5 of the P-
•.. # 

picture are processed in a similar manner so that transmission 

data F4X, F5X and motion vectors x4, x5 and x6 ar.e produced. 

Fig.43 shows an illustrativ~.construction of an apparatus 

for encoding, transmitting and decoding moving picture signals 

in accordance with the above-described principle. An encoding 

apparatus 1 encode!:! input picture signals and transmits the 

encoded sign~ls to a recording medi~m 3 as a transmission path 

for recording thereon. A decoding apparatus 2 reproduces signals 

recorded on a recording medium 3, decodes. and outputs reproduc~d 

signals. 

In the encoding appa_ratus ·1,. input picture signals VD are 
. . 

supplied via an input terminal 10 to a pre-processing circuit 11 

where it is .sep~rated. into luminance and .color signals (chroma 

signals) which are A/D converted by A/D converters 12 and 13, 
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respectively; The picture signals, A/D converted ·by the A/D 

cdnverters 12, 13 to digital signals, are supplied to ~ frame 

memory 14 for storage therein. In the frame memory 14, a 

luminance signal frame memory 15 and a chroma signal frame memory 

16 store luminance and chroma signals, respectively. 

A format conversion circuit 17 converts frame-format 

signals, stored in the frame. memory 14, into block-format 

signals. That is,. three picture signals stored in the frame 

memory 14 are in the form of frame format data comprising V lines 

each consisting of H dots, as shown in Fig.44A. The format 

conversion circuit 17 slices the 1-frame signals into n slices 

each consisting of ~6 ·lines. Each slice is divided into macro­

blocks, as shown in Fig. 44B. Each macro-block is made up of 

luminance signals corresponding to 16x16 pixels or· dots, as shown 

in Fig.44C. These luminance· signals are further divided into 

blocks Y[l] to Y[4] each consisti~g of 8x8 dots. These 16x16 dot 

luminance signals are associated with 8x8 dot Cb signals and 8x8 

do-t Cr s igna.l s. 

The data thus converted into block format data is supplied 

from the format c6nversion circuit 17 to an enc~der 18 where it 

is encoded, as will be explained subsequently with ref~rence to 

Fig.45. 

The signals encoded by the encoder 18 are .outputted as a 

bitstream 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 recording medium 3 is supplied 

to a decoder 31 of the decoding apparatus 2 for ·decoding. The 

decoder 31 will be explained subseq~ently in detail by referring 

to Fig.48·. 

The data decoded by the decoder 31 is supp~ied to "the fo-rmat 

conversion circuit 32 for conversion jro~ the block format data 

into frame format data. The frame-format luminance signal are 

provided to a luminance signal frame memory 34 of a frame memory 

33 for storage ~herein, ~hile chroma signals are supplied to a 

chroma signal frame memory 35 for storage therein. The luminance 

signals read o~t from the luminance signal frame memory 34 and 

the chrom·a signals ·i:-e1ad out from the chroma si~nal frame memory 

35 are D/A converted by D/A converters 36, 3~, respectively, and 

thence supplied to a post-processing circuit· 38 for synthesis. 

The. resulting output picture signal are outputted at an output 

terminal 30· to a di splay, such a·s CRT; not shown, for display. 

An illustrative construc~ion of the encoder 18 is explained 

by referring to· Fig.45~ 

Picture data supplied for encoding via an input terminal 49 

are entered on the macro-:-block basis to a ·motion vector d"etection 

circuit 50, which then proces~es the fra~e picture ~ata as I-~ 

P-· or B-pictures in accordance with a pre-set sequence. It is 

pre-set by which of the 1-, P- ·or B-pictures· the sequentially 

entered frame pict~res are to be processed. For example, the 

grotip-of-pi6tures constituted by frames 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 processed as an I-picture, such 

as a frame Fl, is transmitt.ed from the motion vector detection 

circuit 50 to a.forward. original picture 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 the· picture data of 

a frame processed as a P-picture, such as a ·frame F3, is 

transmitted.to a backward original picture unit 51c for storage 

therein. 

When a picture of a frame to be processed as a B- picture 

such as the frame F4 or as a P-picture, such as the frame F5, is 

entered at the next timing, picture data_ of the first P-picture 

frame F39, so far stored in the backward original picture unit 

51c, is transferred to the forward original picture unit 51a. 

On the other hand, picture data of the next B-picture (frame F4) 

is stored by overwrite fn the forward original picture unit 51b, 

while picture data of the next P-picture (frame F5) is stor~d by 

overwrite in the backward original pict.ure unit 51b. This 

sequence oj operations is performed repeatedly. 

The signals of the.respective pictures stored in the frame 

memor' 51 are read out therefrom so as 'to_ be processed with frame 

prediction mode or field pr,ediction mode by a prediction.mode 

switching circuit. 52. The respective picture signals are als~ 

processed by a processing unit 53 with the intra-coding mode, 
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forward-prediction mode, backward-prediction mode or bi-

directional prediction mode, under control by a prec;liction 

decisi·on circuit 54. Which of these _processing modes is used is 
. . 

determined on the macro.:...bock basis in association with prediction 

error. signals. that is the difference between the reference 

signal and the predict ion 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 val~es of the intra-coding mode corresponding to the 

prediction error signals. on the macro-block basis. The square sum 

may be employed ~n place of the sum of the absolute values. 
-· # 

The frame predi~tion mode and the field prediction mode in 

the.prediction mode switching circuit 52 are now explained. 

If the frame prediction mode is set, the prediction mode 

switching circuit 52 dir·ectly out~uts four luminance blocks Y[l] 

to Y[4]~ supplied from the motion vector detection circuit 50, 

to the downstream side processing unit 53. In such case, data 

of lines of even fields and ·data of lines of odd fields co-exist, · 

as shown in Fig.46A. In Figs.46A and 46B, solid lines and broken 

lines in each macro-block represent data of lines of an odd field 

(lines of the fi~st field) ·and lines: of an even field lines of 

the second fleld), respectively, while a and bin Figs.44a and 

46b specify units · of motion compensation. In · the frame 

pre~iction mod~. prediction is·~ade in terms of four luminance 

blocks (macro.,....blocks) as a unit and each motion vector is 
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associated with four luminance blocks. 

If the field predict ion mode is set. the predict ion mode 

switching circuit 52 causes luminance blocks Y[l] and Y[2] of 

four luminance blocks of the signal entered from the motion 

vector d~tection circuit 56.in the configuration shown in Fig.46A 

to be constituted only by dots of. for exa"mple, odd field li.ne 

dots. while causing the ~emaining two luminance block~ Y[3] and 

Y[4] to be constitut~d only by data of lin~s of even fields. Th~ 

resulting data is outputted to the processing unit 53. In such 

case, one motion vector ~s as~ociated with two luminance blocks. 

Y[l] and Y[2], and another motion vector is associated with the. 

remaining two luminance blocks Y[3] and Y[4]. 

In the frame prediction mode, chroma signals are supplied 

to the processing unit 53 in a state in which data of lines df 

odd fields and da"ta of lines of even fields co-exist, as shown 

in Fig.46A. In the field prediction mode, uppe~ half portions 

(four lines) of the chroma blocks Cb and Cr are chroma signals 

of an odd f'ield corresponding to the luminance blocks .Y[l] and 

Y[2], while lower half portions (four lines) of the chroma blocks 

Cb and er· are chroma signals of an even field correspon<;ll°ng to 

the luminance blocks Y[3] and Y[4], as shown ln Fig.46B. 

The motion vector detection circuit 50 generates, in the 

prediction decision circuit 54, the evaluation values of the 

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

errors for determining which of.the intra-coding mode, forward 
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prediction mode, froward predict ion mode, backward predict ion 

mode or the bi-directional pr~diction mode and which of the frame 

prediction mode or the field prediction mode are to be used for 

respective macro-blocks, from one.macro-block to another. 
. . . 

That is, as an evaluation value of the intra-coding mode, 

a sum of absolute values of the differences between the signal 

of a macro-block of a reference picture to be encoded Aij and its 

mean v~lue, that is rjAij - (mean value of Aij)j, is found. As 

the sum of absolute values of prediction errors of forward 

prediction, a su~ of absolute v~lues 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), 

that is r I Aij Bijl. is found. The sum of absolute values of· 

prediction errors of backward prediction· and bi-directional 

pre'diction is found in a similar manner for each of the frame 

prediction mode and the field prediction mode on the condition 

that the p~ediction picture is changed to a prediction picture 

different from that for the forward prediction. 

These sums of° the absolute values are provided to a 

prediction decision circuit 54 which then selects the smallest 

one of ·the su~s of the absolute values of predictfon errors of 

forward prediction, backward prediction and bi-directional 

prediction· for each of the frame prediction mode and the field 

prediction mode as the sum of absolute values of prediction 

errors for inter-prediction. The sum of absolute values ·of the 
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prediction errors of the inter-prediction is. i;Llso compared to the 

evaluation value of the intra-coding mode and a smaller one is 

selected.· The mode associate4 with the thus selected v~lue is 

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

mode. That is, if the evaluation value of the intra-coding mode 

is smaller, the intra-coding mode is selected. If ·the ·sum of 

absolute values of prediction errors of inter-prediction is 

smaller, one of the forward ptediction mode, backward prediction 

mode or the bi-directional prediction mode having the smalleit 

value of the sum of the absolute valu.es is set as the prediction 

mode and the fram~/field· prediction mode. 

As described above~ the prediction mode switching circuit 

52 provides the .macro-block signals of the reference picture to 

the processing unit 53 in t'he configuration shown in Fig.46 

corresponding to the frame prediction mode or the field 

prediction mode as selected by the prediction decision circuit 

54. The mot.ion vector detect ion circuit 50 outputs a motion 

vector between the prediction picture and the reference picture 

corresponding to the predictio"n mode selected by the prediction 

decision circuit 54 and provides the motion vector to a variable 

length endoding circuit 58 and ~o a ~otion compensation circ~it 

64 as later explained. For this.motion vector, such a motion 

vector associated with the smallest sum of absolute values of the 

prediction errors is selected. 

When the motion vector detection circuit 50 is reading out 
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picture data of the I-picture from the forward original picture 

unit 51a, the prediction decision circuit 54 sets the intra-

coding mode (mode not performing motion compensation) and sets 

a switch 53a of the processing unit 53 to a contact a. This 

routes picture data d the I-picture to a ·ncT mode switching 

circuit 55. 

The DCT mode switching circuit 55 sets data of four 

luminance blocks to a ·state in which lines .of. odd fields and 

lines of even fields co-exist (frame DCT mode) or a state in 

which the lines of odd fields and the lines of even fields are 

isolated from each other (field DCT mode), as shown in Figs.47A 
- • # 

and 47B. The DCT mode· switching circuit 55 then outputs the data 

to the DCT circuit 56. 

The DCT mode switching circuit 55 compares the encoding 

efficiency which·would be achieved if DCT processing is done for. 

data comprising odd field data and even field data together, to 

the encoding efficiency which would be achieved if DCT processing 

is done for data comprising odd field.data and even field data 

separated from each other, and 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.47A. The difference .between the signals of the vertically 

adjacent lines of the odd fields and even fields is calculated, 

and the sum· of the absolute values or the square sum is found. 
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Alternatively, the input signals are set to a state in which the 

lines of the odd fields and the lines of the even fields are 

isolated from each other as shown in Fig·. 4B. _The difference 

between the ·signals of the vertically adjacent lines of the odd 

fields and, even fields is calculated, and the sum of the absolute 

values or the square sum is found. The two sums of the absolute 

values aI'.e compared to each other and t·he DCT mode corresponding 

to 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 configuration correspondini to the selected 

DCT mode is· outputted. to the DCT circuit 56, while a DCT flag 

specifying the selected DCT mode is outputted to the variable 

length coding circuit 58. 

· On comparison of the frame/field prediction_ mode in the 

prediction mode switching circuit 5~ (Fig.46) to the.DCT mode in 

the DCT switching circuit 55 (Fig.47), it is seen that the· data 

structures of the luminance block in the two modes remain 

substantially the same. 

If-the frame prediction mode (the mode in.which even lines 

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 in which even lines and odd lines exist together) 

be similarly selected in the DCT mode switching circuit 55. On· 

the other hand, if the field prediction mode (the mode in which 

even lines and odd lines are isolated from each other) is 
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selected in the pred·iction mode switching circuit 52, the 

probability is high that the field DCT mode (t~e mode in which 

even lines and odd lines are isoiated. from each other) be 

similar~y selected in the DCT mode switching circuit 55. 

However, this is not necessarily· the case and the predict ion 

mode switching circuit 52 sets the mode for minimizing the sum 

of absolute values of prediction errors, wh_ile the DCT mode 

switching circuit ~5 sets the mode for optimizing the encoding 

efficiency. 

The I-picture data outputted by the DCT .mo.de switching 

circuit 55 is supplied to the DCT circuit 56 and thereby DCTed 
.. -~ . 

for conversion into DCT coefficients. The DCT coefficients are 

supplied to the quantization circuit 57 and thereby quantized at 

quantization steps corresponding to the amounts of data storage 

in the transmission buffer 59 before being supplied to the VLC 

circuit 58. 

The VLC circuit 58. converts picture data (data of I-

pictures} from the quantization circuit 57, in accordance with 

the quantization steps (s~ale) supplied from the quantization 

circuit 57, into variable length codes, such as Huffman codes, 

which are outputted to the transmission 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 predic;tion mode, backward predi'ction mo~e· 

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 mode has been set), and 

a DCT flag (flag specifying which of the frame DCT mode or the 

field DCT made has been set) from the quantization circuit 57, 

prediction decision circuit 54, motion vector detection circuit 

50, pred~ction decision circuit 54 and the DCT mode switching 

circuit 55, respec~ively, for variable length encoding. 

The transmission buffer .59 temporarily stores the input data 

and outputs data corresponding to the stored data volume to the 

quantization circ~it 57. 

If the residual data volume in the transmission buff 59 is 

inGrea~ed to an upper tolerable limit value, the transmission 

buffer increases the quantization scale by a quantization 

cont·rol signal for decreasing the data volume of the quantized 

data. Conversely, if the residual data volume in the transmission 

buff 59 is decreased to a lower tolerable l"imi t value, the 

transmission buffer decreases the quantization scale _by a 

quantization control signal for increasing the data volume of the 

quantized data. Thi~ prohibits the overflow or underflow in the 

transmission buffer 59 f~om occurring. 

· The data stored in the transmission buffer 59 is read out 

at a pre-set timing so as to be outputted on ihe transmission· 

path via an output terminal 69 for storage on, for example, the 

recording medium 3. 

The I-picture data outputted.by the quantization circuit 57 
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are supplied .to a dequantiz~tion circuit 60 where it is 

dequantize~ in accordance· with the quantization steps supplied 

from the quantization circuit 57. An output of the 

dequantization circuit 60 is ·SUPP.lied to an inverse DCT (IDCT) 

cire:uit 61 where it is IDCTed and· supplied via an adder 62 to 

a forward predf6tion picture unit 63a of a frame memo~y 63 for 

storage therein. 

When processing picture data of sequentially entered various 

frames as the I, B, P, B, P, B, ... pictures, the motion vector 

detection circuit· 50 processes the initially entered frame 

picture as an I-picture and, before processing the picture data 
. . ·' -

of the next frame as a B-picture, processes the picture data of 

the frame succeeding the next fr~me as a P-picture. Since the 

B-picture is lik~ly to be accompanied by backward prediction and 

forward prediction, it cannot·be decoded if the P-pJcture as .the 

backward prediction picture is not provided in. advance. 

Thus the .motion vector detection circuit 50 starts 

processing ~icture 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-coding mode and the macro-

block based inter-frame difference (prediction errors) are 

supplied from the motion vector detection circuit 50 to the 

pr~diction decision circuit 54. The prediction decision· circuit 

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

errors and the evaluation value of the irttra-coding block on the 
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.macro-block basis to set one of the frame prediction mode or the 

field prediction mode and on~ of the intra-coding mode or the 

forward· predict ion mode, from one macro-.block to another. 

When tfte intra-coding mode is set, the piocessing unit 53 

sets the switch 53d to the contact a as described above. 

Similarly to the I-picture data, these data are transmitted via 

the DCT switch.ing circuit 55, DCT circuit 56, 'quantization 

circuit 57, VLC 0 circuit 58 and via the transmission buffer 59 to 

the transmission path. These data are also supplied via the 

dequantization circuit 60, IDCT circuit 61 and the adder 62 to 

a backward predict ion picture unit 63b of the frame memory 63 for 

storage therein. 

For the forward prediction mode, the switch 53d is set to 

a contact Q, while picture data stored in the forward prediction 

picture unit 63a of the frame memory 63, herein the ·I-picture 

data, are read and motion-compensated by the motion compensation 

circuit-64 in acco~dance with the motion Vector outputted by the 

motion vector detection circuit 50. That is, if the setting of 

the forward prediction mode is comman~i"ed by the ,·prediction 

decision circuit 54, the motion compensation circui.t 64 reads out 

the readout address of the forward prediction picture unit 63a 

with a shift corresponding to the motion vector from the position 

corresponding to the positio~ of the macro-block being outputted 

by the motion vector. detection circuit 50 for generating 

prediction picture data. 
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The prediction picture data outputted by the motion 

compensation circuit 64 is fed to an adder 53a. The adder 53a 

subtracts the .prediction picture data from the motion 

compensation circuit 64 corresponding to the macr~-block from 

data of the macro-block of the reference picture supplied from. 

the prediction mode switching circuit 52, and outputs a resulting 

difference. This difference data is transmitted to the 

transmission channel via D_CT mode switching circuit 55, DCT 

circuit 56, quantization circuit 57, VLC circuit 58 and 

transmission buffer 58. The difference data i:s also locally 

decoded by the· IDCT circuit 61 and supplied to the adder 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 trre motion compensation 

circuit 64 to the difference data qutputted by the IDCT circuit 

61. This gives picture data of the original decoded P-picture. 

The picture data of the P-picture is supplied to the backward 

prediction picture unit 63b of ~he frame memory 63 for storage 

therein. Since in effe6t the data structure of the differenc~ 

data output~ed by the IDCT circuit needs to be the same as the 

data structure of the prediction picture data, it is necessary 

to provide a circuit for re-arraying data in readiness for a case 

in which the frame/field prediction mode differs from the 

frame/field DCT .mod~. This circuit, however, is omitted for 

simplicity. 
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After the data of the I-picture and the P-picture have been 

stored in this manner in the forward prediction picture unit 63a 

and· the backward prediction picture unit 63b, respectively, the· 

motion vector detection circuit 50 executes the processing for 

the B-picture. The predict ion dee is ion c i,rcui t 54 sets the 

frame/field prediction_ mode responsi've to the value of· the sum 

of absolute differences of the inter-frame differences and the 

evaluation value of the macro-bloc~ based intra-coding mode. The 

prediction decision circuit 54 also sets the prediction mode to 

one of th~ intra-coding, forward prediction, backward prediction 

or bi-direc.t ional predict ion modes. 

For the intra~coding o~ forw~rd·prediction mode, the switch 

53d is set to the contacts a orb. The prac~ssing is !imilar to 

that for the P-picture occurs for transmitting data. 

For the backward prediction mode, for which the switch 53d 

is set to its contact c, picture data stored in the backward 

predictiqn picture unit 63b, herein the P-pictu~e, is read out 

and motion-compensated by the motion compensation circuit 64 in 

accordance with the motion vector outputted by the motion vector 

detection circuit 50. That is, when the backward prediction mode 

is commanded to be set by the prediction decision circuit 54, the 

motion compensation circuit 64 shifts the readout addresses of 

the backward prediction picture unit 63b from ·the position 

corresponding to the position of the macro-block being outputted 

by the motion vector detection circuit 50 in an amount 
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corresponding to the motion vector in order to generate 

prediction picture data. 

The. prediction picture data outputted by the motion 

compensation circuit ·64 is fed to an adder 53b. The adder 53b 

subtracts the· predict ion picture data from the motion 

compensation circuit 64 corresponding to the macro-block from 

data of the macro-block of the reference picture supplied from 

' 
the prediction mode switching circuit 52, and outputs a resulting 

difference. This diffe.rence data is transmitted to the 

transmission channel via DCT mode switc~ing circuit 55, DCT 

circuit 56, quantization circuit 57, 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 

~orward prediction picture unit 63a, herein the data of the I­

picture, and data of the picture stored in the backward 

prediction picture unit 63b, herein data of the P-picture, are 

read out and motion-compensated by the motion compen.sation 

circuit 64 in accordance with the motion vector outputted by the 
. . 

motion vector detection circ.uit 50. That is, when the backward 

prediction mode -is commanded to be set by· the preqiction decision 

circuit 54, the motion compensation circuit 64 shifts the read~ut 

addresses of the backward prediction picture unit 63b from the 

position corresponding to. th~ position of .the macro~block being 

outputted by the motiori vector detection circuit 50 in an amount 
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correspoftdirig to the motion vector iri order to gen~rate 

prediction picture data. 

The prediction picture data outputted by the motion 

compensation circuit 64 is fed to an adder 53c. The adder 53c 

subtracts the prediction picture data from the motion 

compensation circuit 64 corresponding to the macro-block from 

data of the macro-block of the reference picture ~upplied from 

the motion vector-detection circuit 50, and outputs a resultihg 

difference. This difference data is transmitted to the 

transmission channel via DCT mode switching circuit .55, DCT 

circuit 56, quantization circuit 57, ·vLC circuit 58 and 
# 

transmission buffer.59. 

Since. the picture of the B~picture· is not used as a 

reference picture for other pictures, it is not .stored in the 

frame memory 63. 

In the.frame memory 63, the forward prediction picture unit 

63a and the backward prediction picture unft 63b are bank­

swi tched whenev.er the necessity arises so that data stored in one 

of these uni ts -is selectively outputted as the forward predic~ion 

picture or as the backward predict.lo~ picture for a given 

reference picture. 

Although the foregoing description has been centered about -

the luminance blocks, chroma blocks are similarly processed and 

tr~nsmitted in terms of macro-blocks ~hown in Figs,46 and 47 as 

units. For the motion vector for processing chroma blocks, 
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motion vectors for the associated luminance blocks, halved in 

ma.gni tude in both the vertical and horizontal di re ct ions, are 

employed. 

Referring to Fig.48, showing the construction of an 

embodiment of the decoder 31. in a bleck view, picture data 

transmitted over a transmission. channel (recording medium 3) is 

received by a reception circuit, not shown, ~r reproduced by a 

reproducing unit. The picture data is then transiently stored 

.in a reception buffer 81 via an input terminal 81 and thence 

supplied to a VLC circuit 82 of a decoding circtiit 90. The VLc· 

circuit 82 variable length encodes data supplied from the 
• . # . 

reception buffer 81 and outputs the .motion vector, prediction 

mode, prediction flag and the DCT flag· to the motion compensation 

circuit 87, while outputting the quantiz~tion step and the 

decoded picture data to the dequantization circuit 83; 

The dequantization. circuit 83 dequantizes picture data 

supplied from the VLC circuit 82 in accordance with the 

quantization step supplied from the VLC circuit 82 and outputs 

the dequantized data to an IDCT ~ircuit 84. Output data of the 

dequantization circuit 83 (DCT coefficients) are IDCTed by the 

IDCT circuit 84 and thence supplied to an adder 85. 

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

I-picture data,. the data is outputted by the · adder 85 ·and 

supplied to and stored in a forward prediction picture uni~ 86a 

of the frame 86 for generating prediction picture data .for 



72 

picture data subsequently ente~ed· to the adder 85 (data of the 

P- or B-picture). The data is also outputted at a format 

conversion circuit 32 (Fig.43) . 

. If 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 prediction picture qata, and is dat~ of the 

mac~o-block ~~coded with the f6rward predict(on mode, picture. 

data of the directly previous frame, stored in the forward 

predict ion unit 86a· of the fram·e memory 86, is read out and 

motion-compensated by a motion compensation circuit 87 in 

accordance with the motion vector outputted by. the VLC circuit 

82. The adder 85 adds the motion-compensated data.to picture 

data supplied from the IDCT circuit 84 (difference data). The 

resulting data, that is the decoded p-picture data, is supplied 

to the backward prediction picture unit 86b of the frame memory 

86 for· generating prediction picture data for . picture data 

subsequently supplied to the adder 85 (data of the B-picture or 

P-picture). 

Similarly to the data of the I-picture, the data of the 

macro-bl~ck encoded by the intra-:coding mode are not specifically 

processed by the adder 85 and directly stored in the backward 

prediction picture unit 86b, even although the data is the P­

picture data. 

If the picture data supplied from the IDCT circuit 84 is 

data of the B-picture, picture data of the I-picture stored in 
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the forward ptediction picture unit 86a of the ftame memo~y 86 

(for the case of· the forward prediction mode) and/or picture data 

of the P-picture stored in the ba6kward p~ediction picture unit 

86b of the· frame memory 86 (for the case of the backward 

prediction mode) are read out and motion-compensated by the 

moti-qn compensation circuit 87 in accordance with the motion 

vec.:tor outputted by ·the · VLC cir..cui t 82 for generating a 

prediction picture. If no motion compensation is required, as in 

the case of intra-coding mode, no prediction picture is 

generated. 

The motion-compensated data from the motion compensation 
-· , 

circuit 87 is added by the adder 85 to an output of the IDCT 

circuit 84. The addition output is outputted via an output 

terminal 91 to the format conversion circuit 32. 

However, this sum output is data the B~picture and is not 

used for generating a prediction picture for other pictures, so 

that it is not stored in the frame memory 86. 

After outputting the B-picture, 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 

compensation circuit 87 and the adder 85. At this time, however, 

no motion compensation or addition is performed. 

Although a circuit corresponding to the prediction mode 

switching circuit 52 and the DCT mode switching circuit 55 in the 

encoder 18 of Fig. 45 is not shown. in the decoder 31, the 
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processing performed by this circuit, t~at ·is the processing for 

restoring the configuration.of separation of signals of lines of 

·odd-fields and even-fields to an original configuratio~ Df co­

existen?e o~ signals of lines of odd-fields and even-fields, is 

carried out by the motion co_mpensation circuit 87. 

Al though the processing of luminance signals has been 

···~'. described in the foregoing, chroma· signals are process·ed in 

similar ma~ner. The motion vectors employed for chroma signals 

are those for luminance signals halved in length in both the 

vertical and horizontal ~ire~tions. 

The three sorts .of flags from t·he pre-processing circuit 104 

of Fig_.4, that is picture_ coding_ type, top_ field_ first and 

repeat_ first_ field, are supplied along with picture data to the 

encoding apparatus 1 .of the above-described encoding/decoding 

system for controlling. the frame or field sets as units of 

encoding for achieving encoding in accordance with the encoding 

frames·co~responding to the original non-interl~ced picture. In 

addition, the I-~ P- and B-picture types are also controlled for 

avoiding encoding· of the above-described field repetition as the 

B-:-picture. 

The present invention is not limited to the above-described 

mer~ly illustrative embodiments. For example, a variety of 

different configurations of the irregular patten detection 

cfrcui t or the non-interlaced pic.ture re-constructing circuit may 

also be employed. If the above lone· field is produced in the 



' 
75 

second field, the field sets comprising ~epetition of the second 

fields may be reconstructed and transferred to encoding. The 

present invention-may also be applied to transmission of signals 

without the· interposition of a recording medium. 

# 
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WHAT IS CLAIMED IS: 

1. A picture signal encoding method in wh.ich . a picture string 

produced by con.verting non-interlaced pi-ctures into sets of field 

pictures each beginning from the first field of each interlaced 

picture and another .picture string produced by converting non-

interlaced pictures into sets of field pictures each beginning 

~ 

from the second field of each interlaced picture are combined 

together to an input picture signal fdr encoding,. compri~ing: 

a d~tection step of det~cting a· lone field not constituting 

the non-interlac~d picture in:said input pictur~ signal;· and 

an encoding step of re-constructing the picture string of 

said input picture signal into a non-interlaced picture string 

and encoding the res~lting non-interlaced picture string. 

2. The pi6ture· signal encoding method as· claimed in claim 1 

wherein; in said 'detection step. said lone field not const-ituting 

the non-interlaced picture is detected by checking the 

correlation between a field of the input picture signal and a 

neighboring field. 

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

wherein, in said detection s~ep, the correlation between paired 

·neighboring fields is found from the correlation between an i'th 

line.of the first field.and an i"th line of the.second field and 

the correlation betweeri a j'th line of the second field and a 

j+l'st line of th~ first field.and said lone field is detected 

·on the basis of the correlation. 

· 111111111111111111111111111111 
* C L M S * 
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4 . The picture signal encoding method as cl~imed in claim 1 

wherein, in said detection step, the correlation between .the 

current field and plural past or future· fields is used in 

che6king whether or not the current field is said lone field. 

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

wherein, in said detect.ion step, the ·detected. lone field is 

removed and a first flag specifying that. the lone field has been 

removed is generated· and a second flag specifying, for each 

picture-encoded frame, which of the first field or the second 

field is displayed first in a picture, is generated. 

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

whereiri, in said detection step, said first flag is appended to 

the header information of a past or future frame temporally 

neighboring to the removed field and.having stronger correlation 

with the removed field. 

7; The picture. signal encoding method ·as claimed in claim 5 

wherein, in s~id detection step, ~he first flag specifying that 

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

·' 
1 and append.ad as the header. information for the frame being 

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

object picture. 

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

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

encoded as the header informat.ion of. each frame for encoding. 

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

\ 111\11\ \\\I\\ Ill\\ \\Ill \\ \II\ 
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wherein,. if, in said encoding step, the first flag specifying· 

that the lone field has been removed is set to 1 and appended as . 

the header information for a frame being encoded, a picture in 

subject is in intra-coded or for~ard-predictively coded: 

10. A picture signal encoding method in which a picture string 

produced by 6onverting non-interlaced 'pictures into sets. of field 

pictures each beginniµg from·~he first .~ield of each interl~ced 

picture and another picture string produced by converting non-

interlaced pictures into sets of field pictures· each beginning 

from the second field of each interlaced pic~ure.a~e combined 

together to an input picture signal for encoding, comprising: 

a detection step of detecting, from said input ·pictur~ 

signal,.from which of the first field o~ the second 1ield begins 

the set of field pictures corresponding to one of ·.the non-

interlaced pictures; and 

an encoding step of re-constructing the picture string of 

said input picture signal into a non-interlaced picture string 

and encqding the resulting non-interlaced picture stri~g. 

11. The picture signal encoding method as claimed in claim 10 

wherein, in said detection step, the correlation between two 

paired fields beginning fro'm the first field and two paired 

fields beginning from the second field, in which a pre;_set field 

of the input picture signals is contained as a reference field 

in each of the two paired .fields, is compared to each other, the 

two paired fields having higher correlation are judged to be the 

·. 

. 111111111111111111111111111111 
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paired fields corresponding to the regular non-interlaced picture 

and the results of judgment is outputted. 

12. The picture signal encoding method as claimed in claim 11 

wherein, in·said detection .step, a sum' of absolute values of the 

differences. between neighboring lines of a frame constituting the 

two fields is used· as the correla.tion and wherein the paired 

fields having the .smaller sum value is judged to b~ the paired 

fields corresponding to the regular non-interlaced picture. 

13. The picture signal encoding· method as claimed in claim 10 

wherein, in said re-constructing s~ep, a flag specifying from 

which of the first field or the second field begins the set of 
•· # 

paired fields of·the picture st~ing of the input picture signals 

corresponding to the non-interlaced picture is outputted. 

14. ·A picture signal encoding method for encoding input picture 

signals having irregular combinations of the first and second 

fields constituting a non-interlaced picture, comprising: 

a check step of checking the correlation betwee~ ·a given 

field and a neighboring field of the input picture signals; 

a storage step of storing the results of detection; and 

a deci.sion step of judging the combination of fields making 

up a non-interlaced picture of the picture string of the input 

picture signals in accordance with th~ stored check results. 

15. The picture signai encoding method as claimed in claim 14 

wherein, in said detection_ step, the correlation between paired 

neighboring fields is found from the correlation between an i'th 
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line of the first field and an i•th line of the second field and 

the correlation between.a j'th line of the second field and a 

j+l'st line of. the.first field and said lone field is detected 

on the basi~ of the correlation. 

16. The picture signal encoding·method as claimed i~ claim 14 

wherein said input picture signals are obtained on converting an 

original ~24-picture-frame-picture into a 25-frame-per-second 

video signal. 

17. A picture signal encoding method for encbding input picture 

signals hav·ing irregular combinations of the first and s~cond 

fields constituting a non-interlaced picture, comprising: 

a step of r~moving. a lone field not cons ti tut·ing 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; 
·, 

a step of producing a first proc~ssed picttire string by 

modifying the picture sequence of the output picture signal; and 

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

·processed picture string for producing a second processe.d picture 

string. 

18. The picttire signal encoding method as claimed in· claim 17 

wherein the subsidiary information for ~icture processing is 

• 
appended to said second processed picture string. 

19. The picture signal encoding method as claimed in claim 17 

wherein the subs·idiary information includes 
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a first flag specifying that the lone field not constituting 

said non-interlaced picture has been removed; and 

a second flag specifying whether the first field or the 

second field is to be displayed first in displaying the encoded 

picture. 

20. The picture signal en~oding method as claimed in claim 17 

wherein said input picture signals are obtained on converting an 

original 24-picture-f~ame-picture into a 25-frame-per-secorid 

video signal. 

21. A picture signal encoding app.aratus comprising: 

detection means for detecting a lone field not constituting 
• . # 

a non-interlaced picture in an input picture signal; 

lone field removing means for removing the detected lone 

field from said input picture signal; and 

encoding means for constructing the picture string of the 
.. 

input picture signals from a sequence freed of the lone fields 

and for encoding the resulting picture string. 

22. A picture signal encoding apparatus as claimed. in claim 21 

wherein said detecting means detects a lone field not 

constitutirig a non-int~rlaced·picture produced at an edit point 

on coupling a first field sequence and a second field sequence 

together by editing, said first sequence being obtained on 

converting a non-interlaced picture in said input picture signals 

into two fields beginning from a first f i~ld of an interlaced 

picture and said second sequence being obtained on converting a 
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non-interlaced picture in said inp~t picture signals· into two 

fields beginning from a second field of the interlaced picture. 

23. The picture signal encodfng apparatus as claimed in claim 

22 wherein :said detecting means includes means for checking 

whether or not a current field in afield sequence extending from 

the current field. ·to f~ture field~ is a lone field not 

constituting a non-interlaced picture. 

24. A picture signal· encoding apparatus comprising: 

detection means for detecting a lone field not constituting 

a non-interlaced picture in an input picture signal; and 

re-constructing means -responsive to an output of said 

detection means ·for re-constructing the picture string of said 

input picture signal responsive to the output of said detection 

means and for outputting the re-constructed picture strini. 

25. The picture signal encoding apparatus as claimed in claim 

24 wherein said detecting means detects a lone field not 

constituting a non-interlaced picture produced at an edit point 

on coupling a first field sequence.and a second field sequence 

together by editing, said ·first sequence . being obtained on 

converting a non-interlaced picture in said input· picture signals 

into two fields beginning from a first field of an interlaced 

pic~~re and said secon~ sequenc~ being obtained on conv~rting a 

non~interlaced pi6ture in ~aid inpu~ picture signals into two 

£ields beginning from • second field of the interla~ed picture.· 

26. The picture signal en~oding apparatus as c)aimed in claim 
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24 comprising.: 

removing means for removing the detected lone field from 

said input picture signal; 

said r•-constructing means reconstructing a picture stririg 

of the iriput picture signals from a field sequence freed of the 

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

constructed picture string. 

27. A picture signal' encoding apparatus for encodin.g input 

picture signals having irregular combinations of the first and 

second fields ·constituting a non-interlaced picture, comprising: 

check means for checking t.he correlation between a field and 

a "neighboring field ~f~the input picture signals; 

storage means for storing th~ results of detection; and 

decision means for judging the combination of fields making up 

·a non-interlaced picture of the picture string of the input 

picture signals in accordance with the stored. check results. 

28. A ptcture signal encoding apparatus for encodi-ng input 

picture signals having i~regular combinations of the first and 

second fields constituting a non-interlaced picture, comprising: 

means :!;or 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 pictur• signal; 

means for producing a first processed picture string by 

modifying the picture sequence of the output picture signal;.and 
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means for inserting a pre-set picture into the first 

processed picture string for producing a second processed _picture 

string~ 

29. A signal recording medium having recorded thereon encoded 

picture signals produced by coupling a first field sequence and 

a ~econd f i~ld seq~ence 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 s~que?ce being 

obtained on converting a non-interlaced picture in said input 

picture signals inio two fields beginning from.a second fi~ld of 

the in~erliced picture, wher~iri it is detected from the input 

picture signals from which of the first f ieid 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 p~cture string 

based upon the results of detection. 

30. A picture signal decoding method comprising the steps of: 

decoding signals obtained on encoding picture signals after 

removing a lone field not constituting.a non-interlaced ~icture; 

and 

interpola~ing a field ~icture in a po~ition of th~ remo~ed 

lone fi~ld ba~ed upon th~ signal from said decoding m~ans. 

31. A picture signal decoding. apparatus comprising·: 

means for decoding signals obtained on encoding picture 

111111111111111111111111111111 
* C L M · S * 

II 



. . 
85 

signals after removing a lone· field not constituting a non-

interlaced picture; and 

·means for interpolating a field picture in a posit ion of the 

removed lon-e field based upon the signal from said decoding 

means. 

32. ·The pictur~ signal decoding~ap~aratus as claimed in claim 

31 wherein sad encoded signal includes: 

a first flag specifying in the header of each encoded frame 

that the lone field not constituting said non-interlaced picture 

has been remov~d; and 

a second flag specifying· whether the first field or' q1e 
.. ~ 

second field is to be displayed first in displaying the encoded 

picture; and wherein 

·said interpolating means re~eives the first flag and the 

second flag and inter~olates a field of a parity specifi~d by he 

second flag when the first flag is 1. 
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