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encodi ng and decodi ng novi ng pictures, and, nore partlcularly, to encodi ng

and decoding fields of a 3:2 pul |l down convert ed novi ng pICt on t he basis:*-
of a predetermned field polari-ty. Hi ghly efficient encod| EKV|deo fr
signal is inmportant in digital video signal recording. This is pecially

true for encoding |l engthy noving picturés as video signals on snall-sized
recordiyng nedi a having small capacities for recording information. The MPEG
(Moving Picture Expert Goup) standard is a highly efficient encoding
standard that conpresses the video signal by finding correlations of data
bet ween video frames in the video signal. The MPEG standard fi nds

correl ations betweg @E@@fﬁehﬁ!dm&svﬁegny@ﬁeﬁamﬁwmmmﬁahodi mensi on by
taking a differenc | her eby

conpressing the video si gnd9L? ' ® MPEG standard al so
finds correlations between data in the spatl al di mensi on by processing the
vi deo signal within each video franme through an orthogonal transform such
as a Discrete Cosine BACKGROUND OF THE INVENTION

The present invention relates to encoding and decoding
moving pictures, and, more particularly, to encoding and decoding
fields of a 3:2 pulldown converted moving picture on the basis of
a predetermined field polarity.

Highly efficient encoding of a video signal is

. important in digital video signal recording. This is especially
true for encoding lengthy woving pictures as video signals on
small-~sized recording media having small capacities for recording
information. The MPEG {Moving Picture Expert Group) standard is
a highly efficient encoding standard that compresses the video
signal by finding correlations of data between video frames in
the video signal. The MPEG standard finds correlations between
data between video frames in the temporal dimension by taking a
difference between frames of data of the video signal, thereby
compressing the video signal in the time dimension. The MPEG
standard also finds correlat%ons between data in the sgpatial
dimension by processing the video signal within each video frame
through an orthogonal transform, such as a Discrete Cosine
Transform (DCT) and the like, thereby compressing the video
signal in the spatial dimension. The video frames compressed
under the MPEG standard.include three kinds of picture frames:
an I-picture frame which is compressed without reference to other

picture frames; a P-picture frame which is compressed using a



-Transform (DCT) and the |ike, thereby conpressing the video signal in the
spatial dinension. The video franes conpressed under the MPEG standard

i nclude three kinds of picture frames: an I-picture frane which is
conpressed without reference to other picture franes; a P-picture frane
whi ch is conpressed using a 2 preceding picture franme; and a B-picture
frame which is conpressed using both fogmard and preceding picture franes.
A collection of video frames is known aS a group of pictures (GOP) in a
novi ng i mage sequence, each group of pictures beginning with a GOP start
code which identifies the beginning of each GOP. A decoder accesses the
group of pictures by detecting the GOP start code and begins decoding at a
desired point in the group of pictures. An exanple of a group of pictures
is shown Figs. 6A, 6B which include an i mge signal of nine frames (FO to
F8). Notably, the I-picture frane is encoded with its own inmage information

and is, therrbaifg sadthad &Pahd} rand AR pidbere FRined Whechr a9es are encoded
using either a past |-picture frame or a past P-picture frame, which is
referred topmpgebsediausing both forward and preceding picture frames.

A collection of video frames is known as a group of
pictures (GOP) in a moving image sequence, each group of pictures
beginning with a GOP start code which identifies the beginning of
each GOP. A decoder accesses the group of pictures by detecting
the GOP start code and beging decoding at a desired point in the
group of pictures. An example of a group of pictures is shown

* Figs. 6A, 6B which include an image signal of nine frames (F0 to
F8). Notably, the I-picture frame is encoded with its own image
information and is, therefore, called an intra-frame. The -
P-picture frames are encoded using either a past I-picture frame
or a past P-picture frame, which is referred to as forward
predictive encoding. The B-picture frames are encoded using both
past and future picture frames and this encoding is referred to
as bi-directional predictive encoding. Since the P-picture and
B-picture frames employ other frames for encoding, these picture
frames are referred to as inter-frames. It is important to note
that the first two frames (F0, F1) in Figs. 6A and 6B are
B-picture frames which do not have preééding picture frames. 1In
this instance, B-picture frames (F0, F1) are encoded using only
future reference frames, and this is referred to as backward
predictive encoding.

Figs. 7A-7C depict timing charts for encoding and

decoding the group of pictures shown in Fig. 6A. The group of



predictive encoding. The B-picture franes are encoded using both past and
future picture frames and this encoding is referred to as bi-directional
predi ctive encoding. Since the P-picture and B-picture franes enpl oy other
frames for encoding, these picture frames are referred to as inter-franes.
It is inportant to note that the first two franes (FO Fl) in Figs. 6A and
6B are B-picture frames which do not have preceding picture frames. In this
i nstance, B-picture frames (FO, Fl) are ®ncoded using only.future reference
franmes, and this is referred to as backward predictive encodi ng. Figs.
7A-7C depict timng charts for encodi ng and decodi ng the group of pictures
shown in Fig. 6A. The group of 3 pictures is input to an encoder in the
order. shown in Fig. 7A. It will be noted that the B-picture frane (BO is
input to the encoder first, which is problematic because B-frames cannot be
encoded wi t hout an I-picture frame as a reference inage but the I-picture

must have bee Rare dvance and _here no s cture frame exists
prior to (gbfpmﬁ)éser%so le’Qtﬁ gﬁf thethe or 2 BhSu" Fig. 7A.

It will be noted that the B-picture frame (BO) is input to the
encoder first, which is problematic because B-frames cannot be
encoded without an I-picture frame as a reference image, but the
I-picture must have been prepared in advance and here no such
picture frame exists prior to (BO). To resolve this problém, the
encoder rearranges the order of the picture frames as shown in
Fig. 7B such that the I-picture frame (I2) is encoded first even
though it temporally follows the B-pictures, and the B;picture
frames (B0, Bl) are encoded on the basis of the I-picture frame
{I2). The remainder of the picture frames are, then, encoded.
The P-picture frame (PS) is encoded by forward prediction, using
the I-picture frame (I2). Next, B-picture frames (B3, B4) are
encoded by bi-directioqal prediction encoding using the temporal
past reference image (I2) and the temporal future refefence image
(P5). Encoding is continued in this manner for the remainder of
the picture frames in the group of pictures and the resulting
encoded frames are output from the encoder and subsequently input
to the decéder as shown Fig. 7B.

R At this point, the encoded group of pictures may be
transmitted to a decoder by broadcast transmission, by recording
and playback from record media or by other known transmission
methods. The decoder decodes the group of pictures shown in Fig.

7B and outputs them in the order shown in Fig. 7C, thus restoring



.encoder rearranges the order of the picture franes as shown in Fig. 7B such
that the I-picture frame (12) is encoded first even though it tenporally
follows the B-pictures, and the B-picture franes (BO, Bl) are encoded on
the basis of the I-picture franme (12). The renmai nder of the picture frames
are, then, encoded. The P-picture frame (P5) is encoded by forward
prediction, using the I-picture frame (}J2). Next, B-picture frames (B3, B4)
are encoded by bi-directional predictioh encoding using the tenporal past
reference image (12) and the tenporal future reference image (P5). Encoding
I's continued in this manner for the remainder of the picture franes in the
group of pictures and the resulting encoded franes are output fromthe
encoder and subsequently input to the decoder. as shown Fig. 7B. At this

poi nt, the encoded group of pictures may be transmtted to a decoder by
broadcast transm ssion, by recording and playback fromrecord nmedia or by

ot her kno transn1SS| t hads. The decoder odes t e grQup of  pictures
shown in ggﬁ gfﬁu %hﬁﬂﬁﬁ %Pﬁg Eﬁikﬁ gﬁﬁﬁh Pn 97 FH%E
reStor'ngthe Gldeo signal may be properly displayed.

MPEG-2 is a modified MPEG standard particularly suited
for encoding frames of interlaced fields. As shown in Figs. 8A,
8B, frames {(MF1-4) each includes top fields interlaced with
bottom fields. These fields are treated by the MPEG-2 standard
as separate frames to be encoded in sequential oxder. For
example, the top field of the first frame (MFl) is firsé encoded

" followed by: the bottom field of the first frame, the top field
of the second frame (MF2), the bottom field of the second frame
and, then, the redundant top field of the second frame, etc. To
distinguish between top and bottom fields, the MPEG-2 standard
prescribes a top field first flag which identifies the sequential
oxrder of the fields in each frame. Thus, for example, the top
field first flag in Fig. 8D is a "1" when the top field is first,
and is a "O0" when the bottom field is first.

The top field first flag is particularly important when
a group of pictures is converted from a f£ilm source, such as a
movie, to an interlaced video signal by use of, for example, a
movie/televigsion pulldown converter. According to the 3:2
pulldown technique, each frame is standardized into a two-field
frame. For example, the frames shown in Fig. 8B which represent
an input film source (such as a 30 frames/second; 60
fields/second moving picture) including two-field frames and

three-field frames, are converted into an interlaced video signal



the picture order to the original order shown in Fig. 7A so that the video
signal may be properly displayed. MPEG 2 is a nodified MPEG standard
particularly suited for encoding frames of interlaced fields. As shown in
Figs. 8A, 8B, frames (Ml -4) each includes top fields interlaced with
bottomfields. These fields are treated by the MPEG 2 standard as separate
frames to be encoded in sequential order. For exanple, the top field of the
first frame (MFl) is first encoded fall owed by: the bottomfield of the
.first frame, the top field of the second frane (MF2), the bottomfield of
the second frame and, then, the redundant top field of the second frane,
etc. To distinguish between top and bottom fields, the MPEG 2 standard
prescribes a top field first flag which identifies the sequential order of
the fields in each frane. Thus, for exanple, the top field first flag in
Fig. 8Dis a "1" mhen the top field is first, and is a "0" when the bottom
fieldis f| rtlc | ar ortant when a

group of r? F&Fé’ée X & c@n&é‘?hgdff%%?ﬁa ﬁgﬁlﬁ g‘gﬁr%% °§’lf’cb?¥’a§ to an

interl aced-o@,daanei fitala Q% UaenObs 1 BXRUPESe1d FIUMeS/ t(ﬂb@wmqn pul I down
converter. According to the 3:2 pulldown technique, each frame is

st andar di zegsulntiog ain Wwhef itelod £ ehdefrdners eshawpl tn ¥ipe fBicaneshsimyn in Fig.
8B whi ch represent
pu. lldown conversion thus converts three-field frames to two-field
frames, hence the name 3:2 pulldown conversion.

The 3:2 pulldown converter must identify which fields
are redundant in order to remove these redundant fields. To
identify the redundant fields in the three-field frames for 3:2
pulldown conversions, the MPEG-2 standard provides a repeat first
field flag for indicating which fields are redundant. The 3:2
pulldown converter determines from the repeat first field flag
which fields are redundant fields and should be removed from the
3;2 frames. For example, the repeat first field flag in Fig. 8E
for the first frame (MFl) is set to "0" indicating that no
redundant field exists in the first frame. On the other hand,
the repeat first field flag for the second frame (MF2) is set to
#1" indicating that a redundant field exists in that frame.

It shall be noted from Fig. 8B (compare frames MF2 and
MF4) that either the top field or the bottom field may be
redundant, and it is not clear to tﬁe 3:2 pulldown converter
solely from sensing the repeat first flag which of the top or
bottom fields is repeated. To determine whether the top field or
the bottom field is the redundant field, the 3:2 hold down
conversion analyzes the top field first flag. When the top field

first flag is a *1*", for example, (Fig. 8E) corresponding to the



an input filmsource (such as a 30 franes/second; 60 fields/second noving
picture) including two-field frames and three-field franes, are converted
into an interlaced video signal 5 of entirely two-field franes. This may
be done by renmoving a redundant field in each of the three-field frames
(MF2, MF4), resulting in the two-field franes shown in Fig. 8C The 3:2
pul | down conversion thus converts threegfield franes to two-field franes,
hence the nanme 3:2 pul |l down conversion. The 3:2 pulldown converter must
identify which fields are redundant in order to renpove these redundant
fields. To identify the redundant fields in the three-field franes for 3:2
pul | down conversions, the MPEG 2 standard provides a repeat first field
flag for indicating which fields are redundant. The 3:2 pull down converter
determ nes fromthe repeat first field flag which fields are redundant
fields and should be renoved fromthe 3:2 franmes. For exanple the r epeat

Tln(rjlsE:aI : ﬁl flaqngg F’dgn“‘ Xe fafq’l’ e{" éilr t fr"rﬁ?ge’e’g:‘\qzl}%tsefzf’ﬁ frﬁ’? t’ﬁ’e ot her
hand, top field and is deemed redundant. When the top field first flag

is a "0", on the other hand, and the repeat first flag is a "1

and the bottom field is deemed to be the redundant field, as is

the case in the fourth frame (MF4} of Fig. aé.

When the encoded interlaced video signal of Fig. 8C is
to be decoded, the redundant fields removed upon encoding must be
restored. This is shown in Fig. 8F, wherein the redundant fields
which were removed upon encoding are restoréd by repeating the
first field in the frame. To identify which fields were removed,
the decoder senses the top field first flag and the repeat first
field flag. For example, the top field first flag in the second
frame (MF2) is a "1" indicating that the top field is first and
controlling the decoder to repeat the top field for the second
frame. On the other hand, the top field first flag for the
fourth frame (MP4) is a "0" and, therefore, the decoder repeats
the bottom field. 1In this manner, the decoder restores the
fields from the two-field interlaced video signal to a three-
field moving picture appropriate for display.

The top and bottom fields of the interlaced video
signal present a decoding problem which will be made clear by
first understanding the encoding process. Figs. 9A-1 depict
timing charts of the interlaced video signal as it is encoded. A
field synchronizing signal in Fig. 9A comprising a top field

signal alternating with a bottom field signal synchronizes the



.the repeat first field flag for the second frame (M2) is set to "1"

I ndicating that a redundant field exists in that franme. It shall be noted
fromFig. 8B (conpare frames MF2 and MF4) that either the top field or the
bottomfield may be redundant, and it is not clear to the 3:2 pul | down
converter solely fromsensing the repeat first flag which of the top or
bottomfields is repeated. To determ ne? whether the top field or the bottom
field is the redundant field, the 3:2 hold down conversion anal yzes the top
field first flag. Wien the top field first flag is a "1", for exanple,

(Fig. 8E) corresponding to the 6 frame (MF2) in Fig. 8C, the first field
In the second frane is a top field and is deened redundant. Wen the top
field first flag is a "0", on the other hand, and the repeat first flag is
a "1" and the bottomfield is deened to be the redundant field, as is the
case in the fourth frame (MF4) of Fig. 8C. Wen the encoded interl aced

video.signal gf Fig 8Cis to.be decodeda.the.rqugﬂ nt fields renoved upon
encodi ng FHSPHRE P%stt PeHeSRET S VS LOROARY ORI T8, gﬁhﬁé‘%"f’h h&1Bedundant
fields 9B. The series of fields in Fig. 9B input to the encoder are
designated by a letter prefix indicating the type of wvideo frame
{I, B, P} and a numerical suffix indicating the order in which
that video field is to be displayed. |

To explain the field ordexr reference is now.made to
Fig. 9B, wherein the first field input to the encoder is the
bottom field of a B-picture frame (b0), and the next field input
to the encoder is the top field of the same B-picture frame (BO).
The bottom field (bl) of the next B-picture is input next to the
encoder followed by the top field (Bl1). The next field input to
the encodexr labelled x1 represents a redundant field of the
preceding bottom field (bl). Next, the top field of an I-picture
frame (I2) is input to the encoder, followed by the bottom field
of the I-picture (i2). The top field of the B-picture (B3) is,
then, input into the encoder, followed by its bottom field (b3).
The picture frames are input to the encoder in this manner until
the last bottom field (x5), which is the redundant field of the
P-picture bottom field (p5), is input to the encoder.

To continue the encoding process explanation, a frame
start timing flag (Fig. 9C) is set to "1" when a corresponding
frame is to be encoded. The encoder removes the redundant fields
before encoding using the top field first and repeat first field
flags {(Fige. 9D and 9E) as explained above. As a result of the

3:2 pulldown conversion during encoding, blanks *--" are formed



whi ch were renoved upon encoding are restored by repeating the first field
in the frame. To identify which fields were renoved, the decoder senses the
top field first flag and the repeat first field flag. For exanple, the top
field first flag in the second frame (MF2) is a "1" indicating that the top
field is first and controlling the decoder to repeat the top field for the
second franme. On the other hand, the top field first flag for the fourth
frame (MF4) is a "0" and, therefore, the, decoder repeats the bottomfield.
In this manner, the decoder restores the fields fromthe two-field
Interlaced video signal to a three- field noving picture appropriate for

di splay. The top and bottomfields of the interlaced video signal present a
decodi ng problemwhich will be made clear by first understanding the
encodi ng process. Figs. 9A-1 depict timng charts of the interlaced video
signal as it is encoded. Afield synchronizing signal in Fig. 9A conprising

7 encodi ngUro T S8pERT | SASFiS BHEPHOASATY FBF dEein Facen, od . 8 |1
and x5) once existed. The fields are then encoded as shown in
Fig. 9F, where it will be noted that the encoding process
rearranges the fields so that the I-picture frame is encoded
before the B-picture frames allowing the following B-picture
frames (B0, Bl} to be bi-directionally encoded using, at least,
the I-picture frame. For the same reason, the P-picture frame
{P5) is encoded before the B-picture frames (B3, B4) so thét the

'B—picture frames can be bi-directionally encoded using, at least,
the P-picture frame (P5). The encoder generates a frame start
timing flag (Fig. 9G) to indicate the beginning of each group of
pictures. The top field first and repeat first field flags
{Figs. SH and 9I, respectively) are rearranged to be transmitted
with their corresponding fields.

The encoded output of Fig. 9F is transmitted by, for
example, television transmission or the like, to a receiver where
it is input to a decoder as the series of fields shown in Fig.
10A. The input to the decoder in Fig. 10A should be the samé as
the output of the encoder shown in Fig. 9F if the original moving
picture is to be displayed with accuracy. The top field first
flag and the repeat first field flag, also transmitted with the
encoded output {(Figs. 10B and 10C, respectively) are used by the
decoder to determine which fields were removed by the above-
discussed 3:2 pulldown conversion. The decoder, then, decodes

the encoded fields to derive the original moving picture,



9B. The series of fields in Fig. 9B input to the encoder are designated by
a letter prefix indicating the type of video franme (I, B, P) and a
nunerical suffix indicating the order in which that video field is to be

di spl ayed. To explain the field order reference is now nmade to Fig. 9B,
wherein the first field input to the encoder is the bottomfield of a
B-picture frame (bO, and the next fielgd input to the encoder is the top
field of the sane B-picture frame (BO. The bottomfield (bl) of the next
B-picture is input next to the encoder followed by the top field (Bl). The
next field input to the encoder |abelled x| represents a redundant field of
the preceding bottomfield (bl). Next, the top field of an I-picture frane
(12) is input to the encoder, followed by the bottomfield of the I-picture
(i2). The top field of the B-picture (B3) is, then, input into the encoder,
followed by its botton1fie|d (b3). The picture frames are input to the

Fedundant FPEPELEY Tt T0PERDF of KB MHCR! HoTRE)oBY HAtR Ths e
encoder . 'H%éa%ﬂhbngﬁééfﬁédﬁaiﬁg'QQ PEOCHRSRCURERORE | Hhord thaBe &t tim Nng
flag (Fig. 9C) iS set to "1" when a corresponding frame is to be encoded.
The encodesutpsitpgbsuldienineciundaat ifpet d khkoencedeodiFig . usBhgsd hehatop
field first and repeat first field . )

the orlglnal moving picture video signal is precisely restored.

The timing of decoding is determined bf a field
synchronizing clock signal shown in Fig. 10E which is cowmprised
of a top field synchronizing signal alternating with a bottom
field synchronizing signal. To simplify this discussion, it is
assumed that the decoder decodes the encoded frames without
delay, such that no field synchronizing cycles elapse during
decoding.

Problematically, the first field in the decoder output
is a bottom field {(b0) as shown in Fig. 10D and, as will be
noted, the field synchronizing signal is set to the top.field
synchronizing cycle at this time. This means that the bottom
field (b0) must be delayed, as shown by "xx" in the first field
position of Fig. 10D, until the bottom fieid synchronizing cycle.
That is, the bottom field (b0) must be delayed for one cycle
before being displayed in order that the bottom field may be
decoded.

It would have been better to decode the bottom field
first since the bottom field would be synchronized with the
bottom field synchronizing cyéle. However, it is not possible to

know in advance of decoding the group of pictures that the top

field is input first to the decoder during the bottom field



.flags (Figs. 9D and 9E) as expl ai ned above. As a result of the 3:2 pul | down
conversion during encoding, blanks "--" are forned 8 (Fig. 9F) in the
encoded out put where the repeated fields (xlI, x3 and x5) once existed. The
fields are then encoded as shown in Fig. 9F, where it will be noted that
the encodi ng process rearranges the fields so that the I-picture franme is
encoded before the B-picture franes allowing the follow ng B-picture franes
(BO Bl) to be bi-directionally encodedd using, at |least, the |I-picture
frame. For the sane reason, the P-picture frame (P5) is encoded before the
B-picture franes (B3, B4) so that the B-picture franes can be

bi -directionally encoded using, at |east, the P-picture frame (P5). The
encoder generates a frane start timng flag (Fig. 9G to indicate the

begi nni ng of each group of pictures. The top field first and repeat first
field flags (Figs. 9H and 91, respectively) are rearranged to be
transmtted with their corresponding fields. The encoded output of Fig. 9F

i s transm syethdopiziog excdepl e Thiel byikdanvser YRER db¢ttesr thhAk thée, to a
recelver V@ﬁﬁé% of pictures be decoded and displayed in real time, and it

is not possible to receive the group of pictures in advance to
determine which field type is first.

Comparé the above. problematic situation to Figs. 11A-
11E which illustrate the desired situation where the bottom field
is synchronized with the bottom field synchronizing cycle in the
first field in each frame. TIn this situation, the bottom field
{b0) need not be delayed by a field synchronizing cycle because

it is already synchronized and can be displayed immediately after

decoding.

In addition to the problem of delaying the display time
by one cycle, the decoder must stop inputting the transmitted
encoded video signal during this cycle. This is shown in Fig.
10A, where the decoder is halted during the time indicated by the
symbol "==*_, In the case where a buffer is employed to receive
the transmitted encoder output, stopping the decoder may result
in an overflow of the buffer.

Furthermore, when two groups of pictures (GOP1l, GOP2)
are combined or edited as shown in Fig. 12, a gap indicated by
(xx) appears when the last field in the first group of pictures
(GOP1) is of the same type of field (top or bottom fields) as the
first field in the second group of pictures (GOP2). To explain,
as shown in Fig. 12, the last field of GOP1 is a top field and is

synchronized with a top field synchronizing cycle (Tf). The



it is input to a decoder as the series of fields shown in Fig. 10A. The
I nput to the decoder in Fig. 10A should be the sane as the output of the
encoder shown in Fig. 9F if the original noving picture is to be displayed
Wi th accuracy. The top field first flag and the repeat first field flag,
also transmtted with the encoded output (Figs. |0B and | 0C, respectively)
are used by the decoder to determ ne m@hch fields were renoved by the
above- discussed 3:2 pulldown conversi of. The decoder, then, decodes the
encoded fields to derive the original noving picture, 9 repeating the
redundant fields which were renoved upon encodi ng. Assum ng that decodi ng
Is perfornmed without error, the decoder output should mrror the input to
the encoder (Fig. 9B) so that the original noving picture video signal is
precisely restored. The timng of decoding is determned by a field
synchroni zing cl ock signal shown in Fig. | OE which is conprised of a top
field synchroni zi ng si%nal alternatin? wth a bottom field synchronizing
rt

" signal . TESSPRHITIWLL AF SPHFSERSSi (GRP2] 1 PeEins dFdvEHat2 (1P dédedbderndecodes
the e”COd%ﬁef&é%@ﬁ%ﬁ”hh?@“&ait until the next top field synchronizing

cycle by skipping over a bottom field synchronizing cycle, thus
resulting in the gap (xx). Since there is no way of knowing in
advance the field polarity of -the first field in the second group
of pictures (GOP2), it is necessary to decode the entire second
group of pictures and check the field polarity found at the .end
of the second group of pictﬁres. Problematically, where the data
lengﬁh of the second group of pictures is long, the decoding
takes a very long time and the efficiency of the decoder

deteriorates.

OBJECTS AND SUMMARY OF THE INVENTION

The present invention has, as its objective, to prevent
a delay caused by a mismatch in field polarity between the first
field of a respective group of pictures and the field
synchronizing signal.

The present invention further has, as its obijective, to
prevent the decoder buffer from overflowing as a result of the
.delay cauged by the mismatch.

The present invention further has, as its objective, to
combine and edit a plurality of groups of pictures without the
need for decoding the entire group of pictures to determine the
field polarities.

In accordance with the above objectives, a first

embodiment of the present invention provides a moving picture



.delay, such that no field synchronizing cycles el apse during decodi ng.

Probl ematically, the first field in the decoder output is a bottomfield
(bO as shown in Fig. 10D and, as will be noted, the field synchronizing
signal is set to the top field synchronizing cycle at this tinme. This neans
that the bottomfield (bO nust be del ayed, as shown by "xx" in the first
field position of Fig. 10D until the bottomfield synchronizing cycle. That
is, the bottomfield (b0) nust be del aged for one cycl e before being

di splayed in order that the bottomfield may be decoded. It woul d have been
better to decode the bottomfield first since the bottomfield would be
synchroni zed with the bottomfield synchronizing cycle. However, it is not
possi ble to know i n advance of decoding the group of pictures that the top
field is input first to the decoder during the bottomfield 10

synchroni zing cycle. This is because MPEG di ctates that the group of

pictures gr?céjtﬁ%%dggpg‘ggttgsi Sﬁllda %%ghcix? fgxa Ientci 1hga99anixé[s of a moving
picture into groups of image pictures with each frame composed of
a plurality of fields of different field polarities including a
predetermined field polarityi The‘polarity of the first field of
a series of frames to be encoded into respective groups of image
pictures is set to the predetermined field polarity.

As a feature of the first embodiment, a decoder
controller generates a decode start time signal at a time when
the first image picture in each respective group of image
pictures is of the predetermined field polarity to begin decoding
and the groups of image pictures.

A computer-readable medium is also provided to direct a
computer to begin decoding a recorded signal of the encoded
moving picture wheﬁ the first image picture in each respective
group of image pictures is an encoded field of the predetermined
field polarity.

According to another embodiment of the present
invention, a moving picture encoding apparatus and.method are
provided for encoding frames of a moving picture into groups of
image pictures with each frame composed of a plurality of fields
of different field polarities including a predetermined field
polarity. The polarity of the first field of a series of frames
to be encoded intoc respective groups of image pictures is set to

the predetermined field polarity and data designating the fifst



is not possible to receive the group of pictures in advance to determ ne
which field type is first. Conpare the above-problematic situation to Figs.
11A- 11E which illustrate the desired situation where the bottomfield is
synchroni zed with the bottomfield synchronizing cycle in the first field
in each frame. In this situation, the bottomfield (b0) need not be del ayed
by a field synchroni zing cycle because jt is al ready synchroni zed and can
be displayed i medi ately after decodir&é In addition to the problem of

del aying the display tinme by one cycle, the decoder must stop inputting the
transm tted encoded video signal during this cycle. This is shown in Fig.
10A, where the decoder is halted during the tine indicated by the synbo

==". In the case where a buffer is enployed to receive the transmtted
encoder output, stopping the decoder may result in an overflow of the
buffer. Furthernore, when two groups of pictures (GOPL, GCPZ) are conbi ned

dited d ed b when th
Uast i ol TR A8 PEPer-Sidup T8 Breith e faepry & SlohE 8 ype of
field (topepindalicked 416h4W:edS chBeadt S&eéﬂg@aﬂlhg the ﬁ%@nglgi&Up of
pi ctures (GOP2). To explain, as shown in Fig. the last field of GOPl is

atop field and is A decoding apparatus and method controls a decode start
time to begin decoding when the first field designated by the
data generated upon encoding is detected.

A computer-readable medium directs a computer to start
decoding when a field read from the medium is the first field
designated by the designating data.

With the above embodiments, the first field of each
group of pictures is known in advance of decoding and may be
matched to the field synchronizing signal. As a result, the one-
cycle delay in reading the groups of image pictures caused by a
mismatch is prevented. This further has the result of preventing
a decoder buffer from overflowing since there is no occasion for
the decoding system to halt reading from the decoder. 1In
addition, the present invention prevents a gap from forming
between a plurality of groups of image pictures because the
polarity of the first field in each group of pictures is
controlled such that no gap in image pictures may occur between
the groups. Thus, a plurality of groups of image pictures may be
combined and edited without a gap formed therebetween.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of an encoding system

according to the present invention;



.synchronized with a top field synchronizing cycle (Tf). The second group
of pictures (GOP2) begins also with a top field and the decoder nust wait
until the next top field synchronizing cycle by skipping over a bottom
field synchronizing cycle, thus resulting in the gap (xx). Since there is
no way of know ng in advance the field polarity of the first field in the
second group of pictures (GOP2), it is necessary to decode the entire
second group of pictures and check the,field polarity found at the.end of

t he second group of pictures. Problena%lcally, where the data | ength of the
second group of pictures is long, the decoding takes a very long tine and
the efficiency of the decoder deteriorates. OBJECTS AND SUMVARY OF THE

| NVENTI ON The present invention has, as its objective, to prevent a del ay
caused by a mismatch in field polarity between the first field of a
respective group of pictures and the field synchronizing signal. The
present invention further has, as its objective, to prevent the decoder

buf fer from overf| ofie®). RBRA-2Cr asal tining lpharts that depict the timing of

signals in the encoding system of Fig. 1;

Fig. 3 is a block diagram of a decoding system
according to the present invention;

Figs. 4A-4E are timing charts that depict the timing of
signals in the decoding system of Fig. 3;

Fig. 5 shows syntax of a bit stream according to the
present invention;

Figs. 6A, 6B show groups of pictures (GOP) for
explaining predictive encoding;

Figs. 7A-7C are timing charts showing the order of
frames to be processed in the group of pictures of Fig. 6A or 6B;

Figs. BA-8F are schematic diagrams of frames comprising
fields for explaining a 3:2 pulldown process;

Figs. 9A-91 are timing charts for explaining the
encoding process of a group of pictures to which a 3:2 pulldown
process has been applied;

Figs. 10A-10E are timing charts for explaining the
decoding process of the group of pictures encoded according to
Figs. 9A-9I in the problematic situation where the field
synchronizing signal is not synchronized with the first field of
the group of pictures;

Figs. 11A-11E are timing charts for explaining the

decoding of the group of pictures when the field synchronizing



+del ay caused by the m smatch. The present invention further has, as its

obj ective, to conbine and edit a plurality of groups of pictures wthout
the need for decoding the entire group of pictures to determne the field
polarities. In accordance with the above objectives, a first enbodi nent of
the present invention provides a noving picture 12 encodi ng apparat us
and net hod for encoding frames of a noving picture into groups of inage
pictures with each frame conposed of ajglurality of fields of different
field polarities including a predetermned field polarity. The polarity of
the first field of a series of frames to be encoded into respective groups
of image pictures is set to the predetermned field polarity. As a feature
of the first enbodi nent, a decoder controller generates a decode start tine
signal at a tine when the first inmage picture in each respective group of

| mage pictures is of the predetermined field polarity to begin decoding and

the grOUpéiéﬁaﬂ q%Q%yBEﬁ%&ﬁf%%d with the first field of the group of

pictures;

Fig. 12 is a schematic diagram explaining the-:problem
of combining a plurality of group of pictures;

Fig. 13 is a flow chart used by a first embodiment of

the present invention; and

Fig. 14 is a flow chart used by another embodiment of

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings wherein like reference
numerals designate identical or corresponding parts throughout
the several views, an image encoding system is shown in Fig. 1.
The encoding system 1 compression-encodes television signalé
converted from a movie picture by a movie/television converter
{tele-cine converter) according to the MPEG-2 standard, resulting
in the input film source of Fig. 8B.

A redundant field detector 3 detects redundant fields
and outputs the top field first flag and the repeat first field
flag to a redundanf field remover 4 whibh removes the redundant
fields. A scan converter 5 receives the remaining fields and
converts them into encoding blocks for encoding into (I, B, P)
picture frames which are recorded on recording medium 2, such as
an optical disk, a video tape or similar recording media.
Meanwhile, a controller 8 outputs a GOP start code to an encoder

7 to begin the encoding on the basis of the top field first and



‘A conputer-readable nediumis also provided to direct a conputer to begin
decodi ng a recorded signal of the encoded noving picture when the first

i mage picture in each respective group of image pictures is an encoded
field of the predetermned field polarity. According to another enbodi nent
of the present invention, a noving picture encoding apparatus and met hod
are provided for encoding franes of a noving picture into groups of inmage
pictures with each frame conposed of aiplurality of fields of different
field polarities including a predetermned field polarity. The polarity of
the first field of a series of frames to be encoded into respective groups
of image pictures is set to the predetermned field polarity and data
designating the first 13 field is generated. The series of frames is
encoded and transmitted along with the data designating the first field. A
decodi ng apparatus and nethod controls a decode start tine to begin

decodi ng gﬁe%@%nﬁfzj tSEibi&! A QRS 992t SH PYhe! DS Ea! EnHENSAE e 4 PO

encodi Nng IS detec e(?.
also sent to the encoder directly for encoding on the recording
medium 2. ~The encoder 7 encodes the encoding blocks on the basis
of: correlations between the series of frames according to the
MPEG-2 standard, the top field first and repeat first field
flags, the type of image data and flags showing the start time of
the frames. .

The encoding process will be described in more detail
beginning with a discussion of the 3:2 pulldown conversion
procesg. The 3:2 pulldown conversion is performed on the video
signal before being input to the encoding system of Fig. 1
resulting in the interlaced video signal of Fig. 8B. When such a
3:2 pulldown process is performed, redundant top fields are
formed, for example, in frames MF2 and MF6 and redundant bottom
fields are formed in, for example, frames MF4 and MFS8.

The redundant field detector 3 detects the redundant
fields by determining whether the field image is an image
generated by repeating two consecutive fields having the same
field polarity, a field polarity being the type of field (top or
bottom fields). This may be accomplished by judging whether the
sum of absolute value differences of pixels between two fields,
for example, is smaller than a predetermined threshold value
which may be set, for example, according ;o a degree of equality
between two fields. The redundant field detector generates a

detection output (i.e., the repeat first field flag) of, for



‘A conput er-readabl e mediumdirects a conputer to start decodi ng when a
field read fromthe nediumis the first field designated by the designating
data. Wth the above enbodi nents, the first field of each group of pictures
i's known in advance of decoding and may be matched to the field

synchroni zing signal. As a result, the one- cycle delay in reading the
groups of inmage pictures caused by a njsmatch is prevented. This further
has the result of preventing a decoder buf fer fromoverflow ng since there
i's no occasion for the decoding systemto halt reading fromthe decoder. In
addition, the present invention prevents a gap fromform ng between a
plurality of groups of image pictures because the polarity of the first
field in each group of pictures is controlled such that no gap in inage

pi ctures may occur between the groups. Thus, a plurality of groups of inmage
pi ctures may be conbined and edited wi thout a gap fornmed therebetween.

o 7 DESCRLATLCN 5, i, BAVASRATLA, dubin P UAUAILA o0
of "0" when the field is not redundant. 1In this example, the
detection output and the field are forwarded to the redundant
field remover 4 which removes the redﬁndant field when the
detection output is set to "1". The redundént field remover 4,
thus, removes the redundant f£ields resulting in the two-field
interlaced video signal shown in Fig. 8C. It will be appreciated
that this process has the advantage of reducing the amount of
data to be transmitted by omitting the repeated.fields from the
encoding process. The repeat first field flag is also forwarded
to the controller 8 and the encoder 7 for encoding on the
recording medium 2.

Upon decoding, the top field first flag is needed to
determine which field (top or bottom field) is to be repeated in
the next frame when the repeat first field flag indicates a
redundant field. This is because the repeat first field flag
indicates only that the first field in the frame is to be
repeated and the first field may be either the top or bottom
field. Thus, it is not possible to determine if the top or
bottom field is to be repeated simply by detecting the repeat
first fiéld'fiag. To resolve this problem, the redundant field
detector generates the top field first flag to indicate which of
the top or bottom fields is first in the frame and, therefore, to

be repeated upon decoding when the repeat first field flag is

llonﬂ .



.14 Figs. 2A-2G are timng charts that depict the timng of signals in the
encodi ng systemof Fig. 1; Fig. 3 is a block diagramof a decoding system
according to the present invention; Figs. 4A-4E are timng charts that
depict the timng of signals in the decoding systemof Fig. 3; Fig. 5 shows
syntax of a bit streamaccording to the present invention; Figs. 6A 6B
show groups of pictures (GOP) for explgjning predictive encoding; Figs.
7A-7C are timng charts showi ng the order of frames to be processed in the
group of pictures of Fig. 6A or 6B; Figs. 8A-8F are schematic di agrans of
frames conprising fields for explaining a 3:2 pulldown process; Figs. 9A-9I
are timng charts for explaining the encodi ng process of a group of
pictures to which a 3:2 pull down process has been applied; Figs. 10A-1CE
are timng charts for explaining the decodi ng process of the group of
pi ctures encoded according to Figs. 9A-91 in the problematic situation

}/\helrg t][le field syntr eBhg| dhv 43 si Sovdrisy RERr 6L T@8 Minlinkhg first
' ° after the redundant field remover 4 into a series of frames (f0,
FO0, fl, F1, etc.) as shown, for example, in Fig. 2B and outputs
this scan-convertea gseries of frames to the encoder 7. This is
done so that each field is treated as a separate frame encoded
sequentially by the encoder. The scan converter generates flags
indicating the timing for each of the scan converted frames and -
sends flags to the controller 8 so that the encoding for these
frames can be precisely timed.

In the first embodiment according to the present
invention, the controller generates a GOP start code on the basis
of the top field first and the repeat first field flags such that
the field to be displayed at the beginning of the group of
pictures is a top field and the last field of this group of
pictures is a bottom field. EREach of the fields, scan converted
as frames by the scan converter is encoded by the encoder using
image encoding-type specifying data for specifying a compression
encoding method for the I, B or P picture frames generated by the
controller on the basis of the generated GOP start code. For
example, the specifying data may describe which scan-converted
frames are I, B or P picture frames and which frames are used to
predictively encode the B and P frames.

Figs. 2A-2G are timing charts for explaining the
encoding process of the encoding system shown in Fig. 1. The

field synchronizing signal (Fig. 2A) supplied from an external



the group of pictures; Figs. 11A-11E are timng charts for explaining the
decodi ng of the group of pictures when the field synchronizing 15 signal
is synchronized with the first field of the group of pictures; Fig. 12 is a
schemati ¢ di agram expl ai ni ng the problem of conmbining a plurality of group
of pictures; Fig. 13 is a flow chart used by a first enbodi nent of the
present invention; and Fig. 14 is a flow chart used by anot her enbodi nent

of the present invention. DETAI LED DESCRMPTI ON OF THE PREFERRED EMBODI MENTS
Referring now to the drawi ngs wherein |ike reference nynmeral s designate

I dentical or corresponding parts throughout the several views, an inmage
encodi ng systemis shown in Fig. 1. The encoding system1

conpr essi on-encodes tel evision signals converted froma novie picture by a

novi e/ tel evision converter (tele-cine converter) according to the MPEG 2
standard, resulting

apparatus such as a monitor, for example, times the encoding of
the video frame. The video frames (Fig. 2B) including the
redundant fields (x1, x3 and x5) are input to the input terminal
9 . The frame start signal (Fig. 2C) generated by the scan
converter 5 indicates when each frame begins and the top field
first and repeat first field flags {(Figs. 2D and 2E) which have
been explained with reference to Figs. 4B and 4C indicate the
order of the fields in each frame.

The controller generates the GOP start code as
explained to start a respective group of pictures when a top
field is present and end the group of pictures when a bottom
field is present. The controller determines the remainder of the
picture frames to be included in each group of pictures between
the first and last picture frames by adaptively selecting the
order of frames. MPEG provides that the P-picture frames will
occur at least every third frame with two frames in between, and
I-picture frames every sixth frame at an interval. However, in
the present invention, the number of frames is adaptively
adjusted to satisfy the condition that the first field of the
group of pictures is a top field and the last field is a bottom
field. This is done by adaptively selecting the interval between
I-frames, which is not problematic because the I-picture frames
are intra-frames, i.e., are not predictively encoded. Otherwise,

if the interval between the B and P-picture frames is adaptively



.in the input filmsource of Fig. 8B. A redundant field detector 3 detects
redundant fields and outputs the top field first flag and the repeat first
field flag to a redundant field renover 4 which renoves the redundant
fields. A scan converter 5 receives the remaining fields and converts them
I nto encodi ng bl ocks for encoding into (I, B, P) picture frames which are
recorded on recordi ng nmedium 2, such as an optical disk, a video tape or
simlar recording nedia. Meanwhile, a eontroller 8 outputs a GOP start code
to an encoder 7 to begin the encoding on the basis of the top field first
and 16 repeat first field flags. It wll be noted that the flags are

al so sent to the encoder directly for encoding on the recording nmedi um 2.
The encoder 7 encodes the encodi ng bl ocks on the basis of: correlations

bet ween the series of franes according to the MPEG 2 standard, the top
field first and repeat first field flags, the type of inmage data and fl ags

showi ng t heisteed, tiHee iatetherddad R umpribsi &N FhRYupE 0§ £SEMB hnlep
descri bed in nore detai

frames would be disturbed.

While, in the present invention,.the GOP start code
begins with a top field synchronizing cycle, the GOP start code
may also begin with a bottom field. When the field synchronizing
signal begins with a bottom field (Bf) synchronizing cycle, it is
preferred that the first field be a bottom field and the last
field be a top field iﬁ order that the fields are synchronized

“ with the field synchronizing signal.

In the preferred embodiment, the controller terminates
a current group of pictures, for example GOPl, with a £field which-
is of the bottom field polarity. Advantageously, the bottom
field (x1) as shown in Fig. 2B is redundant and can be easily
discarded if it appears at the end of a group of pictures. Thus,
the redundant bottom fields are chosen by the present invention
és the last field in each GOP. It will be noted, that the GOP
start code (Fig. 2F) for the next group of pictures begins at the
timing of the top fields (F2) and (F6). In the example of Fig.
2G, the image encoding type specifyiné data (i.e., I, Band P
picture frame data) formed by controller 8 shows the start frame
of a group of pictures is a B-picﬁure frame ana an end frame of
the group of pictures is a P-picture frame. The specifying data

for an I-picture frame when a P-picture is compression encoded is

also shown.



beginning with a discussion of the 3:2 pulldown conversion process. The 3:2
pul | down conversion is perfornmed on the video signal before being input to
the encoding systemof Fig. 1 resulting in the interlaced video signal of
Fig. 8B. Wen such a 3:2 pulldown process is perforned, redundant top
fields are fornmed, for exanple, in franmes MF2 and MF6 and redundant bottom
fields are forned in, for exanple, franes M4 and MF8. The redundant field
detector 3 detects the redundant fields2by determ ning whether the field

i mage is an inmage generated by repeating two consecutive fields having the
sane field polarity, a field polarity being the type of field (top or
bottomfields). This may be acconplished by judgi ng whet her the sum of
absol ute val ue differences of pixels between two fields, for exanple, is

smal l er than a predeterm ned threshold val ue which nmay be set,

for exanpl e,

according to a degree of equality between two fields. The redundant field

detector gener at esygoslete@in@RgOLhOUtor istlrt EH&e ! fiRAlentbhst field flag)
of , for 17 exanmple, "1" when the field is redundant and a detection

out put compression encodes each of the received frames into an

I-picture,’ a P-picture, or a B-picture frame using the specifying

data shown in Fig. 2G. That is, the first pair of fields of GOP2

(F2, £2) are encoded as a B-picture frame and the second pair of

fields (F3, £f3) as an I-picture frame. These frames are encoded

and transmitted as a stream of bits according to the MPEG

standard. The encoder appends a header to the beginning.of the

bit stream for each group of pictures comprising the encoded

frames. The header may include, for example, information about

the length of the bit stream of bits for the corresponding group

of pictures as well as other information for retrieving and

decoding the encoded frames. The encoder further appends the top

field first and repeat first field flags to each frame.

In the

present invention, the encoded bit stream is transmitted as a

recording on the optical disc 2 according to a syntax defined by

the MPEG-2 (ISO/IEC 13818-2) standard.

The controller 8 generates the GOP start code at a time

when the first field of the group of pictures exhibits a field

polarity (i.e., the type of field) which corresponds to the field
synchronizing signal on the decoding side. For example, in Figs.
2A-2G, the controller causes the first field in each group of
pictures (GOP1, GOP2 and GOP3) to exhibit the top field polarity
in order to be synchronized with the top field synchronizing

cycle (Fig. 2A) upon decoding. The controller also controls the



-of "0" when the field is not redundant. In this exanple, the detection
output and the field are forwarded to the redundant field renover 4 which
renoves the redundant field when the detection output is set to "1". The
redundant field renover 4, thus, renoves the redundant fields resulting in
the two-field interlaced video signal shown in Fig. 8C It wll be

appreci ated that this process has the advantage of reducing the anount of
data to be transmtted by omtting the pgpeated fields fromthe encoding
process. The repeat first field flag is also forwarded to the controller 8
and the encoder 7 for encoding on the recordi ng nedium 2. Upon decodi ng,
the top field first flag is needed to determ ne which field (top or bottom
field) is to be repeated in the next frame when the repeat first field flag
i ndicates a redundant field. This is because the repeat first field flag

I ndi cat es onIy that the first field in the frame is to be repeated and the

first field AYNBE LI 1A 0 eRE Lol ofUene Idod %cQ?E possible

to detern1ne |f t p or ttom %5 10 be: repeated sinply

det ecti ngcbhe alecp,eaitn ftheséxdsled Jfl a"ggsTozmezml thet bbﬁtwnbelxemaubbe
redundant field detector generates the top field first flag to indicate
whi ch of tthe Lapt oFidiet tenexhidrids the Ppetemifialide pPAanttand A%t erefore, to

result, the optical disc 2 stores the groups of pictures on the
recording medium in bit streams of groups of pictures, with the
first field having the top field polarity and the last field
having the bottom field polarity.
The present invention is not limited to stéring the

“ encoded information on a recording medium. The video signal, for
example, may be transmitted to a receiving source via other media
such as over the air transwission, cable transmission, internet
communication, video tape and the like..

After transmission, the image data recorded on the

optical disc 2 is reproduced by the decoding system 10 shown in
Fig. 3. Briefly, the reproduced bit streams are fed to a decoder
14 which decodes the bit streams according to the MPEG standard
and the decoded signals are displayed by a display system 15.
The display system generates the field synchronizing signal for
the decoding system and sends this éignal to both a display
starting time specifying circuit 11 and a decoding start
controller 12 which, together with a control signal from the host
computer (such as a microprocessor, not shown) input to terminal
16, control a switch 13 to begin decoding.

The decoding now will be discussed in more detail. The

encoded image is reproduced from the recording medium 2 as a bit



‘be repeated upon decodi ng when the repeat first field flag is "on". 18
The scan converter 5 converts the fields remaining after the redundant
field renover 4 into a series of frames (f0O, FO fl, FlI, etc.) as shown,
for exanple, in Fig. 2B and outputs this scan-converted series of franes to
the encoder 7. This is done so that each field is treated as a separate
frame encoded sequentially by the encoder. The scan converter generates
flags indicating the timng for each of,4he scan converted frames and sends
flags to the controller 8 so that the encoding for these frames can be
“precisely tinmed. In the first enbodi nent according to the present

I nvention, the controller generates a GOP start code on the basis of the
top field first and the repeat first field flags such that the field to be
di spl ayed at the begi nning of the group of pictures is a top field and the

last field of this group of pictures is a bottomfield. Each of the fields,

soan converted: ag, (AT aPY i SPDiSRIYEL Sha |2k "E8 %88 UG, §YSOTer

The display starting time speéifying circuit 11 receives
specifying data from the host computer via input terminal 16 for
specifying the point at which decoding is to begin in a group of
pictures. For example, the specifying data may specify that the
image be decoded at the beginning or middle of a given group of
pictures relative to the field synchronizing signal (Fig. 4E).

As shown in Fig. 4E, for example, arrows pointing to
specific cycles of the field synchronizing signal generated by
the display system 15 indicate a schedule for the display
starting time. The second arrow along the axis indicates the
time when the group of pictures is scheduled to be decoded and
displayed. However, the time when decoding actually begins is
set two cycles ahead at the first'arrow to account for the two
cycles required to process the group of pictures prior to
decoding.

The display starting time is detérmined by data using
three parameters: the field synchronizing signal which forms the
field designated by the arrows; the specifying data which
indicates the point where decoding begins in each group of
pictures; and the bit stream of the group of pictures reproduced
from the optical disc 2. The display starting time specifying
data is sent to the decoding start controller 12 which computes
the decoding start timg from this representative data. At the

time decoding is to begin, the decoding start controller turns



I mage encodi ng-type specifying data for specifying a conpression encodi ng
nmethod for the I, B or P picture franes generated by the controller on the
basis of the generated GOP start code. For exanple, the specifying data may
descri be which scan-converted frames are |, B or P picture franes and which
frames are used to predictively encode the B and P franes. Figs. 2A-2G are
timng charts for explaining the encodi ng process of the encodi ng system
shown in Fig. 1. The field synchronizia§ signal (Fig. 2A) supplied from an
ext er nal 19 apparatus such as a nonitor, for exanple, tinmes the encoding
of the video franme. The video frames (Fig. 2B) including the redundant
fields (xlI, x3 and x5) are input to the input termnal 9 . The frane start
signal (Fig. 2C) generated by the scan converter 5 indicates when each
frame begins and the top field first and repeat first field flags (Figs. 2D
and 2E) which have been explained with reference to Figs. 4B and 4C

i ndi cate t he ordet of Lhe, 1].81ds n ol J1aTey The. £org 4,0l gL genpy ates

to be displayed.

The decoding of a group of pictures will be explained
with reference to the timing charts of Figs. 4A-4E. Encoded
frames, each having top and bottom fields, are encoded and
transmitted to the decoder input in the sequential order shown in
Pig. 4A. The I, B and P-picture frames are represented by the
corresponding letter in either upper case or lower case

"represénting the top field or bottom field polarities followed by
a number indicating the order in which the frames are to be
displayed. The top field flag (Fig. 4B) indicates which field
{top or bottom) is first in the series for a particular frame
while the repeat first field flag indicates whether the first
field in each frame is to be repeated for the next frame. In the
present invention, a decode stop signal "--" generated by the
encoder is inserted into the place where the first field is to be
repeated, causing the decoder to pause for one field and
repeatedly display the field indicated by the repeat first field
flag. Fig. 4D shows the éutput from the deccder 14, wherein it
will be appreciated that the original order of the group of
pictures before encoding is restored.

It will be appreciated that the present invention makes
it unnecessary to match a display cycle of the field
synchronizing signal to the field polarity of the decoder input.

This prevents the one-field delay caused by a mismatch of the



explained to start a respective group of pictures when a top field is
present and end the group of pictures when a bottomfield is present. The
controller determ nes the remai nder of the picture franes to be included in
each group of pictures between the first and | ast picture franmes by
adaptively selecting the order of frames. MPEG provides that the P-picture
frames wll occur at least every third frame with two franmes in between,
and |-picture frames every sixth frane aggan interval. However, in the
present invention, the nunber of franmes is adaptively adjusted to satisfy
the condition that the first field of the group of pictures is a top field
~and the last field is a bottomfield. This is done by adaptively sel ecting
the interval between |-franes, which is not problenmatic because the

| -picture franes are intra-franes, i.e., are not predictively encoded.

O herwse, if the interval between the B and P-picture franes is adaptively
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of pictures to be forwarded to the decoder 14. Similarly, the
decoding start controller turns the switch "off" at the end of
decoding, thereby cutting off the bit stream of the group of
pictures to t%e decoder.

In the ﬁresent invention, the encoded group of pictures
is encoded with the first field being of the predetermined
polarity and the last field being of a field polarity opéosite to
the predetermined field.polarity. In the preferred embodiment,
the first field of the group of pictures is encoded as a top
field and the last field of the group of pictures is encoded as a
bottom field.

With the present invention, the polarity of the first
field is known prior to decoding the group of pictures. During
decoding, therefore, the decoding start time is scheduled to
begin with a top field as shown by the second arrow in Fig. 4E.
For simplicity, the decoder is assumed to decode an encoded frame
with no delay in decoding. However, as refexrred to above, two
field cycles are used by the display starting time specifying
circuit 11 to generate the display starting time specifying data
and the decoding start controller to compute the time at which to
switch "on" the switch 13. Therefore, the decoding start
controller 12 switches "on" the switch two field cycles before
the scheduled display starting time as shown by the first arrow

{Fig. 4E)} in order that the decoder will decode the groups of



- begins with a top field synchronizing cycle, the GOP start code may al so
begin with a bottomfield. Wien the field synchronizing signal begins with
a bottomfield (Bf) synchronizing cycle, it is preferred that the first
field be a bottomfield and the last field be a top field in order that the
fields are synchronized with the field synchronizing signal. In the
preferred enbodi nent, the controller termnates a current group of
pi ctures, for exanple GOP1, with a fielxg which is of the bottomfield
pol arity. Advantageously, the bottomfield (x1) as shown in Fig. 2B is
redundant and can be easily discarded if it appears at the end of a group
of pictures. Thus, the redundant bottomfields are chosen by the present
invention as the last field in each GOP. It will be noted, that the GOP
start code (Fig. 2F) for the next group of pictures begins at the timng of
the top fields (F2) and (F6). In the exanple of Fig. 2G the inage encoding

type specifying data (| B apd P pictu frame data) forped
control | eft %"‘g &’Fﬂ’él@t% thFﬂ'ﬁn’é"‘B}F egrféﬁégo?dgﬁ?ttd’r % Fée f’E}'ﬁfl ct ure
frame andead ENAydasp leddi? 60 Re Obufid! WECPnL Sadbddddl GhUELod T aNE. The

speC|fy|ng plctur rame a P-picture i s conpression
encoded i5va+sxbvﬁh@vvaunng the delay time.

With the present invention, each group of pictures is
composed so that the firxst field is of a predetermined field
polarity, preferably the top field, while the last field is
preferably the bottom field. With this arrangement, no gap
between groups of pictures is formed and it is possible to
combine and edit a plurality of groups of pictures.

In addition to these advantages, it is no longer
necessary to decode the entire group of pictures to ascertain the
last field polarity because the last field polarity is known
prior to decoding. Witﬁ the presgnt invention it is, thus,
possible to efficiently combine and edit the group of pictures
even when the groups of pictures are long in data length.

The decoding system of the present invention is
compatible with encoding systems other than the type described
with reference to Fig. 1. With other encoding systems, it will
be recalled that it may not be possible to know prior to decoding
the field polarity of the first field to be displayed in a group
of pictures. Hence, the first field to be decoded and displayed
may not be synchronized with the field synchronizing signal
generated by the display system 15 and the decoder 14 must wait
one cycle in order to match the first field polarity with the

field synchronizing signal. That is, the decoding is halted for



-21 Upon receiving the GOP start code, the encoder conpression encodes each
of the received franes into an |-picture, a P-picture, or a B-picture frane
usi ng the specifying data shown in Fig. 2G That is, the first pair of
fields of GOP2 (F2, f2) are encoded as a B-picture frane and the second
pair of fields (F3, f3) as an I-picture frame. These franes are encoded and
transmtted as a streamof bits according to the MPEG standard. The encoder
appends a header to the beginning of thezbit streamfor each group of

pi ctures conprising the encoded franmes. The header may include, for

exanpl e, information about the length of the bit streamof bits for the
correspondi ng group of pictures as well as other information for retrieving
and decodi ng the encoded franmes. The encoder further appends the top field
first and repeat first field flags to each frame. In the present invention,
t he encoded bit streamis transmtted as a recordi ng on the optical disc 2

accordi ng 1o & ed e EG 2 (1.90 LEC 13 sta dard. The
control | er'8 g’énera%)é1 gﬁ% & e\sétéflr:it S(QE'/(F)) aHa""’ts" e ARem ahe % &t5fiel d of

the groupn@tsdf C{d¥esn8¥hl PEdS ched i§lcde. As a result, image data tends
to accumulate in the decoder buffer such that there is the
possibility of an overflow if the bit rate of the image data into
the decoder buffef is high.

To resolve this problem, the present invention provides
an additional buffer of memory in the decoder to store a field in
advance of the present field. The buffer size {B) for the
additional.buffer (not shown) may be calculated by knowing the
receiving buffer size (VBV buffer size) and the bit rate ({(R)
specified in the header of a group of pictures. The capacity (B)

of the additional buffer memory may be given by the following

expression:

B = VBV buffer size + R x (time of one field). ’

With the additional buffer of capacity (B), the buffer of the
present invention can be prevented from overflowing in the case
where the first field to be displayed is not synchronized with
the field synchronizing signal.

The operation of the controller 8 (Fig. 1) is explained
in more detail with reference to the flow chart of Fig. 13 which
shows the routine of the controller to determine the time to
generate the GOP start code. The controller starts the process

by initializing a variable (i} to the value *-1" in step 101.



polarity (i.e., the type of field) which corresponds to the field
synchroni zi ng signal on the decoding side. For exanple, in Figs. 2A-2G the
controller causes the first field in each group of pictures (GOP1, GOP2 and
G0OP3) to exhibit the top field polarity in order to be synchronized with
the top field synchronizing cycle (Fig. 2A) upon decoding. The controller

al so controls the 22 field polarity of the last field by turning off the
GOP start code and, in the exanple of Fig$®. 2A-2G the controller causes
the last field to exhibit the bottomfield polarity. As a result, the

optical disc 2 stores the groups of pictures on the recording nediumin bit
streans of groups of pictures, with the first field having the top field
polarity and the last field having the bottomfield polarity. The present
invention is not limted to storing the encoded information on a recording
medi um The video signal, for exanple, may be transmtted to a receiving
sour ce vi a,other, nedig siioh a5 guer Lhec Al Lanamosion. cable ;
transm ssi %?eﬁﬁ&erﬁé commni catron, " video tape andt?heePFE ot 7 as
provided by the scan converter 5. The controller, then, inguires
whether there are more frames to be decoded and, if so, advances
to step 102. If no more frames are to be decoded, the controller
proceeds to the end of the routine.
The controller, in step 102, initializes a wvariable (n)
to "-1%. Here, n represents an order of frames within a
particular group of pictures. 1In step 103, the controller
increments both variables (i) aﬁd {n)}, such that the variables
{i) and (n) are initially set to "0" before beginning a nested
loop. The controller inquires, at 104, whether variable (n) is
at "0¥, meaning that the present frame is the first frame of a
group of pictures and, if so, proceeds to step 105 which setg the
GOP start code to "i". Otherwise, if the present frame is not
the first frame of the group of pictures, the controller proceeds
to step 106 which sets the GOP start decode signal to "0".
The controller, in steps 107 to 111, determines the
picture coding type of each frame designated as either the I, B
or P picture coding types (steps 109, 111 and 110). In inquiry
107, for example, the controller judges whether or not the
variable (n} is odd and, if so, proceeds to inquiry 108. 1If not,
the routine proceeds step 111 and designates the present frame as
a B-picture frame. In inquiry 168, the controller determines

whether the variable {n) which has been determined to be even, is

"1" and, if so, designates the present frame as an I-picture



. After transmission, the image data recorded on the optical disc 2 is

repr oduced by the decodi ng system 10 shown in Fig. 3. Briefly,

t he

reproduced bit streans are fed to a decoder 14 which decodes the bit
streans according to the MPEG standard and the decoded signals are
di spl ayed by a display system 15. The di splay system generates the field
synchroni zi ng signal for the decodi ng system and sends this signal
a display starting tine specifying cirzuit 11 and a decoding start
controller 12 which, together with a control signal fromthe host conputer

to both

(such as a m croprocessor, not shown) input to termnal 16, control a
swtch 13 to begin decoding. The decoding now wi || be discussed in nore
detail. The encoded inmage is reproduced fromthe recording nmedium2 as a
bi t 23 stream of encoded groups of pictures and sent to the switch 13.

The display starting time specifying circuit 11 receives specifying data

fromthe (PURVARF- BN . I erqd £V NG oi nt at
whi oh dec{)&%%& GRTRELET1 04,2 ok By { ETdH N hat Snd W ne RRSIEUL %%éel,f‘re?he

Ing Is to begin Ina group of pictures. For exa
speci fyi nfxaad asnayp spatire thaket e step 110.

The controller, in steps 112-114 determines wﬁen the

group of pictures is to end. The controller adaptively

determines the end of the group of pictures so that the last

field to be displayed is preferably a bottom field.

Consequently, the groups of pictures may be of varying frame

length (N). In inquiry 112, the controller determines whether
the present frame is on the next to last frame or the frame
thereafter in the GOP by determining whether the present frame
number (n) is greater or equal to the number of the last frame
{N) minus one. If the controller determines that the next to the
last frame in the respective group of image pictures has not been
reached yet, the controller returns to step 103 and increments
the variables. Otherwise, the controller determines that the
next to the last frame has been reached and proceeds to inquiry
113.

The controller, in inquiry 113, judges whether the
field to be displayed at the end of the present frame is a bottom
field by examining the top field first (Tff) flag and the repeat
first field (Rff) flag. When, for example, the top field first
flag is set to "1" and the repeat first field flag is set to "O"
a top field is first in the present frame and is not to be
repeated for the next frame. When the top field first flag is

set to "0* and the repeat first field flag is set to "i", for



‘i mage be decoded at the beginning or mddle of a given group of pictures
relative to the field synchronizing signal (Fig. 4E). As shown in Fig. 4E,
_for example, arrows pointing to specific cycles of the field synchronizing
signal generated by the display system 15 indicate a schedule for the

di splay starting tinme. The second arrow along the axis indicates the tine
when the group of pictures is schedul ed 5@ be decoded and di spl ayed.
However, the tine when decoding actually™begins is set two cycles ahead at
the first arrowto account for the two cycles required to process the group
of pictures prior to decoding. The display starting tine is determ ned by
data using three paraneters: the field synchroni zing signal which forns the
field designated by the arrows; the specifying data which indicates the
poi nt where decodi ng begins in each group of pictures; and the bit stream
of the group of pictures reproduced fromthe optical disc 2. The display

cheh o0+ TRRE! G WISkl e il geonrngeaten paeihohlee 12
-the tine desadeng is diidegifatidie, daROLAGrS1Bed RBREMDhESILHAY Rbe

group of pictures should end and generates the GOP end decode
signal in step 114, causing the last field in the group of

pictures to be a bottom field.

It will be appreciated that the next field, which is
the first field in the next group of pictures, is a top field
since the last field in the preceding group of pictures is a
bottom field. When the next group of pictures is processed, the
controller proceeds to step 103 and increments the variable (i).
The routine continues as described above for each group of
pictures until the end of the moving picture.

Another embodiment of the present invention has é
similar configuration as the encodinglsystem 1 shown in Fig. 1,
but differs in the controlling routine executed by the controller
8. In this embodiment, the controller generates a first field
polarity flag which indicates the field polarity of the first
field in the first frame of the respective group of pictures and.
a last field polarity flag indicating the last field polarity.
These flags are recorded on the reco;ding medium. With this
embodiment, there is no limitation of whexre the group of pictures
must start and end because the first and last fields are not
limited to top and bottom fields, respectively.

Preferably, the first and last field polarities are

transmitted as part of the user data area reserved by the MPEG



«25 pictures two cycles later at the precise tine the first frame is to be
di spl ayed. The decoding of a group of pictures will be explained with

. reference to the timng charts of Figs. 4A-4E. Encoded franes, each having
top and bottomfields, are encoded and transmitted to the decoder input in
t he sequential order shown in Fig. 4A. The I, B and P-picture franes are
represented by the corresponding letter in either upper case or |ower case
representing the top field or bottomfiglhd polarities followed by a nunber
indicating the order in which the franes are -to be displayed. The top field
flag (Fig. 4B) indicates which field (top or bottom) is first in the series
for a particular frane while the repeat first field flag indicates whether

~the first field in each frane is to be repeated for the next frame. In the
present invention, a decode stop signal "--" generated by the encoder is
inserted into the place where the first field is to be repeated, causing

t he decode u f )| ' epe ' aygpthe fi
i ndi cat ed %ty t agﬁ r Z%’éa‘?é?‘f%gtlt)]‘b ?‘é\g‘é%ﬁ%ﬁﬁg‘%’?gﬁ%gﬂ%ﬂ% t ﬁrégbu% p%itoq”fs romthe
decoder lichevsmeiar Ebrva Idithetapanest a ef-cupabft pbctiired Aakladliey thfe t he

group of user data area according to this embodiment. The group of
pictures begins with a group start_code of 32 bits. The user
data area stérts with a user_data_start_code of 32 bits followed
by the first field polarity (first field polarity GOP) of one bit
and the last field polarity (last_field polarity GOP) of one bit.
In the preferred embodiment a "1" used as either the first field
polarity or the last field polarity indicates a top field,
whereas a "0" indicates a bottom field. It will be noted that
the user data area is arranged in units of one byte and,
therefore, it is necessary to reserve an area (reserved) of 6
extra bits to complement the 2 bits of field polarity flags to
" nfil1l in" one byte.

The encoder 7 encodes the frames according to a
specified image encoding type, such as the I, P or B-picture
frames. The encoding system of the presently described
embodiment encodes the I-picture frames at intervals of four
frames, for example, and an interval for a P-picture set at 2
frames in a group of pictures. It will be appreciated that the
number of frames in each group éf'pictures in this embodiment
does not have to be adaptively selected because the field
polarity is indicated by the field polarity flags and the first
and last fields do not necessarily have to be set to specific

field polarities {i.e., top and bottom fields, respectively).



pi ctures before encoding is restored. It will be appreciated that the
present invention nmakes it unnecessary to match a display cycle of the
field synchronizing signal to the field polarity of the decoder input. This
prevents the one-field delay caused by a m snmatch of the 24 the switch
13 "on", thereby allowng the bit streamof the group of pictures to be
forwarded to the decoder 14. Simlarly, the decoding start controller turns
the switch "off at the end of decodind2 thereby cutting off the bit stream
of the group of pictures to the decoder. In the present invention, the
encoded group of pictures is encoded with the first field being of the
predeterm ned polarity and the last field being of a field polarity
opposite to the predetermned field polarity. In the preferred enbodi nent,
the first field of the group of pictures is encoded as a top field and the
|l ast field of the group of pictures is encoded as a bottomfield. Wth the

present I QeRLLOR el A& iR LY Ao WPkt Birst field flags are added

to each frame, as in the previous embodiment. ‘Moreover, a GOP
header which includes the user data is appended to each group of
pictures when the GOP start code is detected. The syntax shown
in Fig. 5 is defined by MPEG-2 (ISO/IEC 13 818-2) standards and
is recorded on the optical disk 2. As shown in Fig. 5, the
optical disk incl&des the first field polarity and last field
polarity in the user data area in the GOP header.

A decoding system in accordance with this embodiment
has a configuration similar to that shown in Fig. 3 for the
previougly-described embodiment except that the switch 13 is
controlled in a different manner by the decoding start controller
12. In this embodiment, display starting time specifying
circuit reads the field polarity from the user data recorded in
the GOP header and schedules the display starting time of the
field cycle corresponding to the field polarity on the field
synchronizing signal generated by display system 15. For
example, as shown in Fig. 4D, the field polarity of the group of
pictures to be displayed first is ; top field and the controller
selects the top field cycle for the scheduled display starting
time as shown in Fig.'4E.

The routine of the controller 8 (Fig. 1) to generate
the first and last field polarity flags is shown in detail by the
flow chart of Fig. 14. The steps followed in this routine are

similar to those taken in the flow chart of the previous



field is known prior to decoding the group of pictures. During decoding,
therefore, the decoding start tine is scheduled to begin with a top field
as shown by the second arrow in Fig.. 4E. For sinplicity, the decoder is
assunmed to decode an encoded frane with no delay in decoding. However, as
referred to above, two field cycles are used by the display starting tine
specifying circuit 11 to generate the display starting tinme specifying data
and the decoding start controller to conpifte the tine at which to switch
"on" the switch 13. Therefore, the decoding start controller 12 sw tches
"on" the switch two field cycles before the schedul ed display starting tine
as shown by the first arrow (Fig. 4E) in order that the decoder wll| decode
t he groups of 26 field synchronizing cycle with the field polarity of
the first field, thereby preventing the buffer of the decoder 14 from
overflow ng during the delay tinme. Wth the present invention, each group

of pi cturegpbsafREMOSEd gS015 at iﬂu%’fhhétc$h€4éhlé% QEa§t9r6ﬂ§EﬁkﬁkQ§db§'e|d
polarity, preferably thé top field, while the l'ast field

initializing the variable (i) to the value "-1" in step 201. The
controlléri then, inquires whether there are more frames to be
decoded and, if so, advances to step 202. If no more frames are
to be decoded, the controller proceeds to the end of the routine.

The controller, in step 202, initializes the variable
(n) to "-1". 1In step 203, the controller increments both
variables (i) and {n)}, such that the variables (i) and (n) are
initially set to "0" before beginning a nested loop. The
controller inquires, at 204, whether variable (n) is at "o,
meaning that the present frame is the first frame of a group of
pictures and, if so, proceeds to step 205 which sets the GOP
start decode signal to *1%. Othexrwise, if the present frame is
not the first frame of the group of pictures, the controller
proceeds to step 206 which sets the GOP start decode signal to
ugn,

Unlike the previous embodiment, the controller here
generates the first field polarity flag to, for example, "1". As
explained, this generated first field polarity flag is
transmitted with the present frame indicating the first field of
the respective group of pictures.

Steps 208 to 216 follow the same operations as
corresponding steps 108 to 116 in the previous embodiment. Thus,
the controller, in steps 208 to 212, determines the picture

coding type of each frame designated as either the I, B or P



preferably the bottomfield. Wth this arrangenment, no gap between groups
of pictures is fornmed and it is possible to conbine and edit a plurality of
groups of pictures. In addition to these advantages, it is no |onger
necessary to decode the entire group of pictures to ascertain the |ast
field polarity because the last field polarity is known prior to decodi ng.
Wth the present invention it is, thus, possible to efficiently conbi ne and
edit the group of pictures even when the B4oups of pictures are long in
data | ength. The decodi ng systtem of the present invention is conpatible

wi th encodi ng systens other than the type described with reference to Fig.
1. Wth other encoding systens, it will be recalled that it nmay not be
possi ble to know prior to decoding the field polarity of the first field to
be displayed in a group of pictures. Hence, the first field to be decoded
and di spl ayed may not be synchronized with the field synchronizing signal

o or der t obRGPERE RRRY, EYDHT 288 GPDe y2 18 AL A2 ol T SPREFBE R g

signal . ThakokSexddifledeead HdhtHi1iakt %dd{;@é whether or not the variable
{n) is even and, if so, proceeds to inquiry 209. If not, the
routine proceeds step 212 and designates the present frame as a
B-picture frame. In inquiry 209, the controller determines
whether the variable (n) which has been determined to be even, is
"1* and, if so, designates the present frame as an I-picture
frame in step 210, otherwise designating the present picture
frame as a P-picture frame in step 211.

The controller, in steps. 213-215 determines when the
group of pictures is to end. As yith the last embodiment, thé
controller here adaptively determines the end of the group of
pictures so that the last field to be displayed is preferably a
bottom field. Consequently, the groups of pictures may be of
varying frame length (N). In inquiry 213, the controller
determines whether the present frame is the next to last frame or
the frame thereafter in the GOP by determining whether. the
present frame number (n) is greater or equal to the number of the
last frame (N) wminus one. If the controller determines that the
next to the last frame in the respective group of image pictures
has not been reached yet, the controller returns to step 203 and
inerements the variables. Otherwise, the controller determines
that the next to the last frame has been reached and proceeds to

inquiry 214 where the controller sets the GOP end decode signal

to "1n.



27 one cycle and the decoder 14 stops reading inmage data fromits buffer
(not shown) for one cycle. As a result, imge data tends to accunulate in

t he decoder buffer such that there is the possibility of an overflow if the
bit rate of the inmage data into the decoder buffer is high. To resolve this
problem the present invention provides an additional buffer of nmenory in
the decoder to store a field in advance of the present field. The buffer
size (B) for the additional buffer (not -shown) nay be cal cul ated by know ng
the receiving buffer size (VBV buffer si3%) and the bit rate (R specified
I n the header of a group of pictures. The capacity (B) of the additional
buffer nenory may be given by the foll ow ng expression: B = VBV buffer size
+ Rx (tinme of one field). Wth the additional buffer of capacity (B), the
buffer of the present invention can be prevented fromoverflowng in the
case where the first field to be displayed is not synchronized with the

fend synchroni zi ng.rfl 0ae IR ORREA! bPlcdllad RS SARLA A SnbFidaqdd 1S

explained in nore detail wth reference to the flow™c t of kgl whi ch

shows the weedhdic the Fheld oy el kdaesplayé@tfd rhee ehlicof i the resent frame
is a bottom field by examining the top field first (Tff) flag and
the repeat first field (Rff) flag. When, for example, the top
field first flag is set to "1" and the repeat first field flag is
set to "0" a top field is first in the present frame and is not
to be repeated for the next frame. When the top field first flag
is set to "0" and the repeat first field flag is set to "1i*, for
example, the bottom field is first, but is repeated for the next
frame. In this situation, the controller determines that-the
group of pictures should end and sets the last field polarity
flag to "1*. As with the first field polarity flag, the last
field polarity flag is transmitted with the present frame
indicating the present field is the last field in the group of
pictures. Otherwise, the controller sets the last field polarity
flag to “on.

As in the previous embodiment, the next field, whiéh is
the first field in the next group of pictures, is a top field
since the last field in the preceding group of pictures is a
bottom field. When the next group of pictures is processed, the
controller proceeds to step 203 and increments the variable (i).
The routine continues as described above for each group of
pictures until the end of the moving picture.
Thus, it is possible with the above embodiments to know

in advance of decoding a group of pictures the field polarity of



. generate the GOP start code. The controller starts the process by
initializing a variable (i) to the value "-1" in step 101. 28 Here,
represents an order of franmes sent to the encoder 7 as provided by the scan
converter 5. The controller, then, inquires whether there are nore franes
to be decoded and, if so, advances to step 102. If no nore franmes are to be
decoded, the controller proceeds to the end of the routine. The controller,
in step 102, initializes a variable (nzgto "-1". Here, n represents an
order of frames within a particular group of pictures. In step 103, the
controller increments both variables (i) and (n), such that the variables
(i) and (n) are initially set to "0" before beginning a nested | oop. The
controller inquires, at 104, whether variable (n) is at "0", neaning that
the present frane is the first frame of a group of pictures and, if so,
proceeds to step 105 which sets the GOP start code to "I". Oherwise, if

LD, P Sefie A 8l LRSS, Sk IR L B e 1
"0". the previous embodiment, it is assumed for simplicity that the
decoder 14 can decode a frame without delay. The decoding start
controller 12, however, causes decoding to begin two field cycles
before the scheduled starting time as shown in Fig. 4E in order
account for processing time before decoding and to precisely time
the display of the decoded image.

It is also possible to know both the field polarity at

" the beginning and the end of the group of pictures, thereby
suppressing a gap in data from occurring between subsequent
groups of pictures. The ewbodiments described herein, therefore,
allow a plurality of groups of pictures to be combined and edited
without the problem of a gap forming in between groups of
pictures.

Although illustrative embodiments of the invention have
been described in detail herein with reference to the
accompanying drawings, it is to be noted that the invention is
not limited to these embodiments, and that various changes and
modifications may be affected therein by one skilled in the art
without departing from the scope and spirit of the invention

which is intended to be defined by the appended claims.



‘The controller, in steps 107 to 111, determnes the picture coding-type of
each frane designated as either the I, B or P picture coding types (steps

109, 111 and 110). In inquiry 107, for exanple, the c Eﬂ

whet her or not the variable (n) is odd and, if so, ﬁ“lmu“m“"m u 108.
| f not, the routine proceeds step 111 and de5|gnates t He ﬁreéen frane as a
B-picture franme. In inquiry 108, the controller determ nes whether the
vari able (n) which has been determned t3g be even, is "1" and, if so,
designates the present franme as an |-picture 29 frame in step 109,

ot herwi se designating the present picture frane as a P-picture frane in
step 110. The controller, in steps 112-114 determ nes when the group of
pictures is to end. The controller adaptively deternm nes the end of the
group of pictures so that the last field to be displayed is preferably a
bottomfield. Consequently, the groups of pictures may be of varying frane

| ength (N) uiry 112, the controller determ nes whether the present
frame is on"Tﬁ%&#%kt to last frame or the franme

A wmoving picture encoding apparatus for encoding

frames of a moving picture into groups of video image pictures
including an intra-frame image picture, said frames being
composed of a plurality of fields of different field polarities
including a predetermined field pélarity, comprising:

forming means for forming series of frames to be
encoded into respective groups of image pictures such that a
first field to be encoded in each of the respective groups of
image pictures is a field of said predetermined field polarity;
and

encoding means for encoding each series of frames
formed by said forming means into said respective group of image
pictures.

2. The moving picture encoding apparatus according to
claim 1, further comprising control wmeans for adaptively
selecting a number of frames in each respective group of image
pictures such that the first field in each respective group of
image pictures is of said predetermined field polarity.

3. The moving picture encoding apparatus according to
claim 2, wherein said control means adaptively selects the number
of frames in each respective group of image pictures by
generating a start code causing said encoding means to start

encoding at said first field of said predetermined field

polarity.



thereafter in the GOP by determ ning whet her the present frame nunber (n)
Is greater or equal to the nunber of the last frame_(N) mnus one. |If the
controller determnes that the next to the last frane in the respective

group of inmage pictures has not been reached yet, t urns to
step 103 and increnments the variables. O herw se, tmllmmmmnmnumerm nes
that the next to the last frane has been reached and*prbceeds td i Aquiry
113. The controller, in inquiry 113, ju$ges whether the field to be

di spl ayed at the end of the present frame is a bottomfield by exan ning
the top field first (Tff) flag and the repeat first field (Rif) flag. Wen,
for exanple, the top field first flag is set to "1" and the repeat first
field flag is set to "0" atop fieldis first in the present frame and is
‘'not to be repeated for the next frame. Wien the top field first flag is set
to "0" and the repeat first field flag is set to "1", for 30 exanpl e,
the bottomfield is first, but is repeated for the next frane. In this
situation, the contirol Fee metimanpActurdagnadiéding apparatus according to

claim 3, further comprising field synchronizing signal wmeans for
generating a field synchronizing signal of alternating field
polarities that controls the timing for the encoding of said
fields for different- field polarities; and

wherein, said control means generates said start code
to cause said encoding means to encode said first field when said
field synchronizing signal is of said predetermined field

- polarity. -

5. The moving picture encoding apparatus according to
claim 1, wherein said forming means forms each series of frames
such that a last field in the series to be encoded is of a field
polarity other than said predetermined field polarity.

6. The moving picture gncoding apparatus according to
claim 1, wherein said different field polarities are top and
bottom field polaritiesg and said forming means forms each series
of frames such that said first field is of the top field
polarity.

7. The moving picture encoding apparatus according to
claim 1, wherein said different field polarities are top and
bottom field polarities and said forming means forms each series

of frames such that a last field in each series is of the bottom

field polarity.



‘group of pictures should end and generates the GOP end decode signal in
step 114, causing the last field in the group of pictures to be—a bottom

field. It will be appreciated that the next field, | ' lest field
in the next group of pictures, is a top field since ‘1 ”u!’ﬂ“ iﬂn t he
precedi ng group of pictures is a bottomfield. Wen ¢ reoli

pictures is processed, the controller prqQceeds to step 103 and increnents
the variable (i). The routine continues descri bed above for each group
of pictures until the end of the nmoving picture. Another enbodi ment of the
present invention has a simlar configuration as the encoding system1
showmn in Fig. 1, but differs in the controlling routine executed by the
controller 8. In this enbodinment, the controller generates a first field
polarity flag which indicates the field polarity of the first field in the
first frame of the respective group of pictures and a last field polarity

flag indicating the Jast, field polarity. These flags .are recorded on the
recordi ng medi um W%h t%imgvérﬁ%o%}c?rteun e?/eflﬁgfsle‘n?smeﬁtgl d?%ofa??%onéjiéﬁg where the

group of pifladedSofUs tmitidit p8Bgufddi 1R AWS8pE NEF iRl aRdgé astcthir@kds are
not limted to top and bottomfields, respectively. Preferably, the first
and | ast fijsicdluddbgaran g ra-drame image picture, said frames being

composed of a plurality of fields of different field polarities

including a predetermined field polarity, comprising the steps

of:

forming series of frames to be encoded into respective
groups of image pictures such that a first field to be encoded in
each of the respective groups of image pictures is a field of
sald predetermined field polarity; and

encoding each series of frames formed into said
respective group of image pictures.

9. The moving picture encoding method according to
claim 8, further couwprising the step of adaptively se;ecting a
number of frames in each respective group of image pictures such
that the first field in each respective group of image pictures
is of said predetermined field polarity.

10. The moving picture encoding method according to
claim 9, wherein adaptively selecting the number of frames in
each respective group of image pictures further comprises the
step of generating a start code causing said encoding means to
start encoding at said first field of said predetermined field

polarity.

11. The moving picture encoding method according to



-transmitted as part of the user data area reserved by the MPEG 31
standard for user-allocated special applications. Fig. 5 shows the synt ax
for a bit streamof a group of pictures including theuser data areéa

according to this enbodi nent. The group of picture i it
groupstart code of 32 bits. The user data area st{;‘ ﬂmm(!“lul! I!Il
user _data _start _code of 32 bits followed by the fir o el 8

(first_field_polarity GOP) of one bit angsthe last field polarity
(last_fieldy_polarity_GOP) of one bit. Inthe preferred enbodiment a "1"
used as either the first field polarity or the last field polarity
I ndicates a top field, whereas a "0' indicates a bottomfield. It wll be
noted that the user data area is arranged in units of one byte and,
therefore, it is necessary to reserve an area (reserved) of 6 extra bits to
conpl ement the 2 bits of field polarity flags to "fill in" one byte. The
encoder 7 encodes the frames according to a specified i mage encodi ng type,
such as thdaim pogorigthiest gpep¥isinas thehetepcolligegpesptinm offiedd present |y
descrlbedsynchronizing signal timing the encoding of said fields for
different field polarities; and
wherein, said step of adaptively selecting ‘generates
said start code to cause said encoding to encode said first field
when said field synchronizing signal is of said predetermined
field polarity.
12. The moving picture encoding method according to
claim 8, wherein said step of forming forms each series of frames
such that a last field in the series to be encoded is of a field
polarity other than said predetermined field polarity.
13. The moving picture encoding method according to
claim 8, wherein said different field polarities are top and
bottom field polarities and said step of forming forms each
series of frames such that said first field is of the top field
polarity.
14. The moving picture encoding method according to
claim 8, wherein said different field polarities are top and
bottom field polarities and said step of forming forms each
series of frames such that a last field in each series is of the
bottom field polarity.
15. A moving picture decoding apparatus for decoding

an encoded moving picture of frames encoded as groups of video

image pictures including an intra-frame image picture, said



enbodi ment encodes the |-picture franes at intervals of four franmes, for
exanple, and an interval for a P-picture set at 2 franes in a group of
pictures. It will be appreciated that the nunber of frames.in each.group of
pictures in this enbodi nrent does not have to be adaptively sel ected because

the field polarity is indicated by the field pol arlgmmamlmﬁuulnﬂlllrst
and | ast flelds do not necessarily have to be set t

polarities (i.e., top and bottomfields, #éspectively). *32"The top field
first flag and repeat first field flags are added to each franme, as in the
previ ous enbodi ment. Mreover, a GOP header which includes the user data is
appended to each group of pictures when the GOP start code is detected. The
syntax shown in Fig. 5 is defined by MPEG 2 (I SO IEC 13 818-2) standards
and is recorded on the optical disk 2. As shown in Fig. 5, the optical disk

includes the first field polarity and last field polarity in the user data
area in the GOP header. A decoding systemin accordance with this

embodi ment fragies boing gamposed of nt |Rhuned itkaef shisdis REFfytigrenyr figdd

polarities including a predetermined field polarity, comprising:

control means for controlling a decoding start time to
decode respective groups of image pictures when said control
means senses a first image picture in each respective group of
pictures is an encoded field of said predetermined field
polarity; and

decoding means, responsive to said control means, for
decoding each respective group of pictures;

16. The moving picture decoding apparatus according to
claim 15, further comprising field synchronizing signal means for
generating a field synchronizing signal of alternating field
polarities that controls the timing for the decoding of said
fields for different field polarities.

17. The moving picture decoding apparatus according to
claim 16, wherein said control means generates a start code to
cause said decoding means to decode said first field when said
field synchronizing signal is of said predetermined field
polarity.

18. The moving picture decoding apparatus according to
claim 17, wherein the decoded moving picture is displayed,
further comprising scheduling means for scheduling the control
means to generate said start code two cycles of the field

synchronizing signal before said first field is to be displayed.



previ-ousl y-descri bed enbodi nent except that the switch 13 is controlled in
a different manner by the decoding start controller 12. In this enbodi nent,
display starting tinme specifying circuit reads the fi-eld.polarity fromthe
user data recorded in the GOP header and schedul es the display starting

time of the field cycle corresponding to the field p?ﬂ!””ﬂﬂ& kel d
synchroni zing signal generated by display system 15. '8 ﬂ"w r% nshomn
in Fig. 4D, the field polarity of the groyp of pictures fo be Wi spl ayed
first is atop field and the controller selects the top field cycle for the
schedul ed display starting time as shown in Fig. 4E. The routine of the
controller 8 (Fig. 1) to generate the first and last field polarity flags
is shown in detail by the flow chart of Fig. 14. The steps followed in this
routine are simlar to those taken in the flow chart of the previous 33
enbodi rent (Fig. 13). Thus, the controller starts the process by
initializing the variable {i) to the value "-1" in step 201. The
controller, then, inquireshaheivigyg pheterardordtiagf ap@msath® Becording to

claim 15, wherein said decoding means halts decoding when said
control means senses that the last image picture in said
respective group of pictures decoded is of a field polarity other
than said predetermined field polarity.

‘ 20. The moving picture decoding apparatus according to
claim 15, wherein said different field polarities are top and
bottom field polarities and said first image picture is an
encoded field of the top field polarity.

21. The woving picture decoding apparatus according to
claim 15, wherein said different field polarities are top and
bottom f£ield polarities and a last image picture in each
respective group of image pictures is an encoded field of the top
field polarity.

22. A woving picture decoding method for decoding én

--encoded moving picture of frames encoded as groups of video image
pictures including an intfa—frame image picture, said frames
composed of a plurality of fields of different field polarities
including a predetermined field polarity, comprising the steps
of:

controlling a decoding start time to decode respective
groups of image pictures when said control means senses a first
image picture in each respective group of pictures is an encoded

field of said predetermined field polarity; and



- decoded and, if so, advances to step 202. If no nore franes are to be
decoded, the controller proceeds to the end of the routine. The controller,
in step 202, initializes the variable (n) to "-1". In step 203, the
controller increnents both variables (i) and (n), such that--the vari abl es

(i) and (n) are initially set to "0" before beginning a nes
controller inquires, at 204, whether variable (n) m““ \X@‘ WQ that
the present frane is the first frame of g group of \a

proceeds to step 205 which sets the GOP start decg)de Si gnal to "1".

O herwse, if the present frame is not the first frame of the group of

pi ctures, the controller proceeds to step 206 which sets the GOP start
decode signal to "0" . Unlike the previous enbodi nent, the controller here
generates the first field polarity flag to, for exanmple, "1". As explained,
this generated first field polarity flag is transmtted with the present
frame indicating the first field of the respective group of pictures. Steps
208 to 216 fol | ow t45€°4aA%: oherSEPERES ae ctie SeBkEPhYing efepi08ach 116 in

t he previqusg gg@lq;g greghgo %cttu control ler, in steps 208 to 212,

det ermi nes th e pi ct type %6f each frarre desi gnat ed as either t he
I, Bor P . The moving picture decoding method according to

claim 22, further comprising the step of generating a field
synchronizing signal of alternating field polarities that
controls the timing for the decoding of said fields for different
field polarities.

24. The moving picture decoding method according to
claim 23, wherein said step of controlling generates a start code
to cause said decoding to decode said first field when said field
synchronizing signal is of said predetermined field polarity.

25. The moving picture decoding method according to
claim 24, wherein the decoded moving picture is displayed,
further comprising the step of scheduling the step of controlling
to generate said start code two cycles of the field synchronizing
signal before said first field is to be displayed.

26. The moving picture decoding method according to
claim 22, wherein said step of decoding'is halted when the last
image picture in said respective group of pictures decoded is
sensed to be of a field polarity other than said predetermined
field polarity.

27. The moving picture decoding method according to

claim 22, wherein said different field polarities are top and



.34 picture coding types (steps 210, 211 and 212). In inquiry 208, for
exanpl e, the controller judges whether or not the variable (n) is even and,
if so, proceeds to inquiry 209. If not, the routine proceeds step 212 and.
designates the present frane as a B-picture frane. In inquiry_209;-the

control |l er determi nes whether the variable (n) which has been deter to
be even, is "1" and, if so, designates the present frane &“ﬁ\“
frame in step 210, ot herwi se desi gnat i ngaghe present picﬁgﬁmﬁ

P-picture frame in step 211. The controller, in steps 2 255 Het er ni nes
when the group of pictures is to end. As with the | ast enbodi nent, the
controll er here adaptively determ nes the end of the group of pictures so
that the last field to be displayed is preferably a bottomfield.
Consequently, the groups of pictures may be of varying franme length (N). In
inquiry 213, the controller determ nes whether the present franme is the
next to last franme or the frame thereafter in the GOP by determ ning

whet her t Heetass Eaele  epianifiser apd)s3id fisgteinege qigaireois MR nunber of

the encoded field of the top field polarity.

28. The moving picture decoding method according to
claim 22, wherein said different field polarities are top and
bottom field polarities and a last image picture in each

respective group of image pictures is an encoded field of the top
field polarity.

29. A computer-readable medium for directing a )
computer to decode a recorded signal of an encoded moving picture
composed of frames into groups of video image pictures including
an intra-frame image picture, said frames being composed of a
plurality of fields of different field polarities including a
predetermined field polarity, and including a start decode signal
for directing said computer to start decoding when a first image
picture in each respective group of pictures is an encoded field
of the predetermined field polarity.

| 30. The computer-readable medium accqrding to claim
29, wherein said different field polarities are top and bottom
field polarities, furthexr including an end decode signal for
directing said computer to stop decoding when a last image
picture in each respective group of image pictures is a field of
a field polarity other than an encoded field of the predetermined

. field polarity.



-last frame (N) mnus one. If the controller determnes that the next to the
|l ast frame in the respective group of inage pictures has not been reached
yet, the controller returns to step 203 and increnments the vari abl es.

Q herwi se, the controller determines that the next—to the last Trame has

been reached and proceeds to inquiry 214 where the he GOP
end decode signal to "I|". 35 The controller the !mxﬂ \mnml iry 215
and judges whether the field to be di spl4¥ed at th e present
frame is a bottomfield by examining the top field first (Tff) flag and the
repeat first field (Rff) flag. Wen, for exanple, the top field first flag
Is set to "1" and the repeat first field flag is set to "0" atop fieldis
first in the present frame and is not to be repeated for the next frane.
When the top field first flag is set to "0" and the repeat first field
flag is set to "1", for exanple, the bottomfield is first, but is repeated

for the next frarre ?’IOU| (leh ggh‘%‘g@sets a[dﬁ?%‘iﬁgﬁgy ol Iaercor 'r.e?rzng__o S E;t .hat t.he

group of pictures s T
29, wherein said different field polarities are top and bottom

field polarities, wherein the start decode signal further directs
said computef to start decoding when the first image picture in
each respective group of image pictures is an encoded field of
the top field polarity.

32. The computer-readable medium according to claim
29, wherein said different field polarities are top and bottom
field parities, wherein said start decode signal further directs
said computer to stop decoding when a last image picture in each
respective group of image pictures is an encoded field of the
bottom field polarity.

33. The computer-readable medium according to
claim 29, wherein a field synchronizing signal of alternating
field polafities controls thé timing for the decoding of said
fields for different field polarities.

34. The computer-readable medium according to
claim 33, wherein said start decode signal further directs.said
computer to start decoding said first image when said field
synchronizing signal is of said predetermined field polarity.

35. The computer-readable medium according to
claim 34, wherein the decoded moving picture is displayed,

wherein said start decode signal directs said computer to



-flag to "1". As with the first field polarity flag, the last field polarity
flag is transmtted with the present frame indicating the present field is
the last field in the group of pictures. Qherwi se, the controller sets the
last field polarity flag to "0". As in the previous enbodi-ment,, “thé next

field, which is the first field in the next group of pictur ' p
field since the last field in the preceding group of E‘m‘ mﬁg“ﬁmm‘tom_
field. Wen the next group of pictures isg processed, tH er *
proceeds to step 203 and increnents the variable (i). The routine continues
as descri bed above for each group of pictures until the end of the noving
picture. Thus, it is possible wwth the above enbodi nents to know i n advance
of decoding a group of pictures the field polarity of 36 the first field
where the group of pictures is to start. As in the previous enbodi nent, it
I's assuned for sinplicity that the decoder 14 can decode a frane w t hout

del ay. The decoding start controller 12, however, causes decoding to begin
two fieldsopeldele said start code two cycles of the field synchronizing

signal before said first field is to be displayed.

36. A moving picture encoding apparatus for encoding a
moving picture into groups of video image pictures including an
intra—fiame image picture, said frames being composed of a
plurality of fields of different field polarities including a
predetermined field polarity, comprising:

forming means for forming series of frames to be
encoded_into respective group of image pictures and for
generating data designating the first field in said respective
group of image pictures being of the predetermined field
peolarity;

encoding means for encoding each series of frames
formed by said forming means into said respective groups of image
pictures; and

‘transmitting means for transmitting the encoded moving
picture encoded by said encoding means and for transmitting said
data designating said first field of the predetermined field
polarity in each respective group of image pictures.

37. The &oving picture encoding apparatus according to
claim 36, wherein said respective group of image pictures is
transmitted as a stream of bits including a header with reserved

areas for header information; and



- before the scheduled starting tinme as showm in Fig. 4E in order account for
processing time before decoding and to precisely tinme the display of the
decoded image. It is also possible to know both the field polarity at the
begi nning and the end of the group of pictures, thereby Suppressing a gap
In data fromoccurring between subsequent groups of

enbodi nents descri bed herein, therefore, allow a pI mm I{Iﬂi“" j usll of

pi ctures to be conbi ned and edi t ed wit gout the roblen10f

bet ween groups of pictures. Although iIIustratlve enbodlnents of the

i nvention have been described in detail herein with reference to the
acconpanying drawings, it is to be noted that the invention is not limted
to these enbodi nents, and that various changes and nodifications nay be
affected therein by one skilled in the art w thout departing fromthe scope

and spirit of the invention which is irntended to be defined by the appended

clai ns. [err] 3Z}aid transmitting wmeans further transmits as header

information data designating that a last frame in each series to
be encoded’ is a field of polarity other than said predetermined
field polarity. ‘

38. The moving picture encoding apparatus according to
claim 37, wherein said transmitting means further arranges said
header information according to an MPEG standard and transmits
said data designating said first and last frames as user data.

39. The moving picture encoding apparatus according to
claim 36, wherein said different field polarities are top and
bottom field polarities and séid forming means forms each series
of frames such that said first field is of the top field
polarity.

40. The moving picture encoding apparatus according to
claim 36, wherein said different field polarities are top and
bottom field polarities and said forming means forms each series
of frames such that a last field in each series is of the bottom
field polarity.

41. A moving picture encoding method for encoding a
moving picture into groups of video image pictures including an
intra-frame image picture, said frames being composed of a
plurality of fields of different field polarities including a

predetermined field polarity, comprising the steps of:



ME CLAIM 1. A noving picture encodi ng apparatus for encoding franmes of a
novi ng picture into groups of video imge pictures including an intra-franme
i mage picture, said frames being conposed of a plurality of fields of
different field polarities including a predeterm ned field polarity, -

conprising: formng nmeans for formng series of frame I nto
respective groups of image pictures such that a firstTEi l ﬁ Hﬂded
in each of the respective groups of inmagg pictures is

predetermned field polarity; and encodi ng neans for encodi ng each series
of frames fornmed by said form ng nmeans into said respective group of inmage
"pictures. 2. The noving picture encodi ng apparatus according to claim1,
further conprising control means for adaptively selecting a nunber of
frames in each respective group of image pictures such that the first field
I n each respective group of image pictures is of said predetermned field
polarity. 3. The noving picture encodi ng apparatus according to claim 2,
wherein said control fomEmg ganpes ef \[fragkescte b cennodedr into freapestiveeach

respective ggfro?.llf)pogf it{1arg'a %1%2:{:1;%; ea?nc?ygenerating data designating the first

field in said respective group of image pictures being of the
predetermined field polarity;

encoding- each series of frames formed into said
respective groups of image pictures; and

transmitting the encoded moving picture encoded and
transmitting said data designating said first field of the
predetermined field polarity in each respective group of image
pictures.

42. The moving picture encoding method according to
claim 41, wherein said respective group of image pictures is
transmitted as a stream of bits including a header with reserved
areas for header information; and

. said step of transmitting further transmits as header
information data designating that a last frame in each series to
be encoded is a field of polarity other than the predetermined
field polarity.

43. The moving picture encoding method according to
claim 42, wherein said step of transmitting further arranges said
header information according to an MPEG standard and transmits
said data designating said first and last frames as user data.

44. The moving picture encoding method according to



-generating a start code causing said encoding neans to start encodi ng at
said first field of said predetermned field polarity. [err] 38 4. The
novi ng pi cture encodi ng apparatus according to claim 3, further-eonpfising

field synchronizing signal neans for generating a field synchron|2|

signal of alternating field polarities that controls t he
encodi ng of said fields for different field pol aritlﬁ g sai d
control neans generates said start codé%to cause sai 4nd‘neans to
encode said first field when said field synchronizing S|gnal is of said
predeterm ned field polarity. 5. The noving picture encoding apparatus
according to claiml1, wherein said form ng neans forns each series of
frames such that a last field in the series to be encoded is of a field

polarity other than said predetermned field polarity. 6. The noving
pi cture encodi ng apparatus according to

claim 41, wherein said different field polarities are top and
bottom field polarities and said step of .forming forms each
series of frames such that said first field is of the top field
polarity.

45. The moving picture encoding method according to
claim 41, wherein said different field polarities are top and
bottom field polarities and said step of forming forms each
series of frames such that a last field in each series is of the
bottom field polarity.

46. A moving picture decoding apparatus for decoding
an encoded moving picture of frames encoded into groups of video
image pictures including an intra-frame image picture, said
frames being composed of a plurality of fields of different field
polarities including a predetermined field polarity, said encoded
moving picture including data designating a first field of the
frames having said predeterm{ned field polarity, comprising:

detecting means for detecting the first field
designated by said data to be of said predetermined field
polarity of the first field before decoding the encoded moving
picture;

control means for controlling a decoding start time to
begin decoding said encoded moving picture when said first field

is detected by said detecting means; and



claim1l1, wherein said different field polarities are top and bottomfield
polarities and said form ng neans forns each series of franes such that
said first field is of the top field polarity. 7. The noving picture
encodi ng apparatus according to claim1l, wherein said different field
polarities are top and bottomfield polarities and said formng nmeans forms

each series of frames such that a last field in each s “E
bottomfield polarity. [err] 39 8. gg noving plctu\ﬂg‘»\ggB m\m d for
encodi ng franes of a noving picture into groups of v ger pisct lires
including an intra-frane inmage picture, said franes bei ng conposed of a
plurality of fields of different field polarities including a predeterm ned
field polarity, conprising the steps of: formng series of frames to be

encoded into respective groups of image pictures such that a first field to
be encoded in

decoding means, responsive to said control means, for
decoding said encoded moving picture.

47. The moving picture decoding apparatus according to
claim 46, wherein said encoded moving picture further includes
data designating a last field having a field polarity of said
predetermined field polarity; and

wherein said detecting means detects the data
designating the last field.

48. The moving picture decoding apparatus according to
claim 46, further comprising field synchronizing signal means for
generating a field synchronizing signal of altermating field
polarities that contxols the timing for the decoding of said
fields for different field polarities.

49. The moving picture decoding apparatus according to
claim 46, wherein said control means generates a start code to
cause said decoding means to decode said first field when said
field synchronizing signal is of said predetermined field
polarity.

50. The moving picture decoding apparatus according to
claim 46, wherein the decoded moving picture is displayed,
further comprising scheduling means fér scheduling the control
means to generate said start code two cycles of the field

synchronizing signal before said first field is to be displayed.



each»of the respective groups of inmage pictures is a field of said
predeterm ned field polarity; and encodi ng each series of franes forned

into said respective group of inmage pictures. 9. The_ﬂDMLﬂg—pLQLH¥e————
encodi ng nmet hod according to claim8, further conprising the ste

adaptively selecting a nunber of frames in each respe Qlllmlmu“ﬁ ﬂl“lage
pi ctures such that the first field in each respective
pictures is of said predeternmined field palarity. 10. The noving plcture
encodi ng net hod according to claim9, wherein adaptively selecting the
nunber of franmes in each respective group of inmage pictures further
conprises the step of generating a start code causing said encodi ng neans
to start encoding at said first field of said predeternmined field polarity.
11. The novi ng picture encodi ng method according to 40 [err]
claim 10, further conprising the step of generating a field synchronizing

signal timng the engOdlngn%klgglgléééﬁék%éggalng method for decoding an

encoded'moving picture of frames encoded into groups of video
image pictures including an intra-frame image picture, said
frames composed of a plurality of fields of different field
polarities including a predetermined field polarity, said encoded
moving picture including data designating a first field of the
frames having said predetermined field polarity, comprising the
éteps of:

detecting the first field designated by said data to be
of said predetermined field polarity of the first field before
decoding the encoded moving picture;

controlling a decoding start time to begin decoding
said encoded moving picture when said first field is detected;

and

decoding said encoded moving picture commencing at the
decoding start-time.

52, The moving picture decoding method according to
claim 51, wherein said encoded moving picture further includes
data designating a last field having a field polarity of said

predetermined polarity; and

wherein said step of detecting detects the data

designating the last field.

53. The moving picture decoding method according to



_different field polarities; and wherein, said step of adaptively selecting
generates said start code to cause said encoding to encode said first
field when said field synchronizing signal is of said predeternmned field
polarity. 12. The noving picture encodi ng nethod according to clai.m 8,
wherein said step of formng forns each series of frames such that a | ast

field in the series to be encoded is of a field Mn said
predetermned field polarity. 13. The n®ing pi Cm“gmm(l“mn“

according to claim8, wherein said different field:pd aritMes®are top and
bottomfield polarities and said step of formng fornms each series of
frames such that said first field is of the top field polarity. 14. The
nmovi ng pi cture encodi ng nethod according to claim8, wherein said different
field polarities are top and bottomfield polarities and said step of
formng fornms each series of frames such that a last field in each series

is of the bottomfield polarity. 15. A novi n%ﬁgl cture decodi ng appar at us
for decodehgimrblenfvdtbemmauRy igiogurae ottqR FEBREJANY &s EgPddips of video

|nage pICturggrééyglgglgggnéi JE éit%&%2?1n5“¥£eﬂ§ %Eﬂggitfgg Qhat times
the decodihg of said fields for different field polarities.

54. The moving picture decoding method accoxding to
claim 51, wherein said step of controlling generates a start code
to cause the decoding of said first field when said field
synchronizing signal is of said predetermined field polarity.

55. The moving picture decoding method according to
claim 54, wherein the decoded moving picture is displayed,
further comprising the step of scheduling the step of controlling
to generate said start code two'cycles of the field synchronizing
signal before said first field is to be displayed.

56. A computer-readable medium for directing a
computer to decode a recorded signal of encoded f;ames of a
moving picture composed of a plﬁrality of groups of videoc image
pictures including an intra-frame image picture, said frames
being composed of a plurality of fields of different field
polarities including a predetermined field polarity, said encoded
frames including data representing that a field polarity of a
first frame in a respective group of image pictures is of said
predetermined field polarity, and including a start decode signal
for directing said computer to start decoding when a field read

is the first field as designated by said data.



«4 1 [err] franes being conposed of a plurality of fields of
different field polarities including a predetermned field polarity,
conprising: control means for controlling a decoding start tinme to decode
respective groups of inage pictures when said control rneans senses a first

i mge picture in each respective group of pictures el d of
said predetermned field polarity; and decodi ng melamﬁ ﬂmﬁmmﬂﬂmo sai d
control neans, for decodi ng each respecbBve group ok ptCl

movi ng pi cture decodi ng apparatus according to claim15, further conprlsing
field synchronizing signal neans for generating a field synchronizing
signal of alternating field polarities that controls the timng for the
decoding of said fields for different field polarities. 17. The noving

pi cture decodi ng apparatus according to claim 16, wherein said control
means generates a start code to cause said decoding means to decode said

first field when saig figld 3yaghon 21,8 408lul 2 ¥ordthg 85 egalsl ™ ned

56, wherein said recorded signal includes data designating that a
field polarity of a last frame in said respective group of image
pictures is of said predetermined field polarity; and further
inlcuding an end decode signal for directing said computer to
stop decoding on a field having a field polarity other than said
predetermined field polarity.

58. The computer-readable medium according to claim
57, wherein said data designating the first and last frames is
stored as user data according to an MPEG standard; and wherein
said start decode signal further directs said computer to said

user data on said computer-readable medium.



pol arity. 18. The noving picture decodi ng apparatus according to claim 17,
wherein the decoded noving picture is displayed, further conprising

schedul i ng means for scheduling the control nmeans to g '
code two cycles of the field synchronizing signal beforge
is to be displayed. 42 [err] 19. THe rmv ﬁBUb?Eﬂure

decodi ng apparatus according to claim1g, wherein said decoding neans halts
decodi ng when said control neans senses that the [ast inmage picture in said
respective group of pictures decoded is of a field polarity other than said
predeterm ned fiel ' EIDY e el ;irgppar at us
according to clain??ggbaﬁg?%¥?§§i§%?§§1‘rergg}@$§grg %g?grltﬁgi are top and
bottomfield polarities andpGpARITY rastPARKINES BANOt MEEHDOB an encoded field of
the top field polarity. 21. The noving picture decodi ng apparatus accordi ng
to claim15, wherein said different field polarities are top and bottom

field polarities and a | ast |nag ég(géJ&%ElgISCngURE

A moving picture is encoded into groups of video image
pictures with each frame composed of fields of different field
polarities including a predetermined field polarity. The
polarity of the first field of a series of frames to be encoded
into a respective group of image pictures ig set to the
predetermined field polarity. Alternatively, the polarity of the
first field of the series of frames may be identified by data
transmitted with the encoded moving picture. The encoded moving
picture is decoded at a decode start time designated when the
first field in each respective group of image pictures is of the
predetermined field polarity. Alternatively, the decode start
time is generated on the basis of the data designating the field
polarity of the first field. A computer-readable medium provides
a medium on which the encoded wmoving picture is recorded and
directs a computer to decode the encoded moving picture when the
first image picture in each respective group of image pictures is
an encoded field of the predetermined field polarity or,
alternatively, whnn the field read from the medium is the first

field as de51gnated by designating data.
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respective group of image pictures is an encoded field of the top field
polarity. 22. A noving picture decodi ng nethod for decoding an * encoded
novi ng picture of frames encoded as groups of video inage pictures
including an intra-frame i mage picture, said frames conposed of a plurality
of fields of different field polarities including a predeterm ned field
polarity, conprising the steps of: controlling a decoding start tine to
decode respective groups of inmge pictudes when said control means senses a
first image picture in each respective group of pictures is an encoded
field of said predetermned field polarity; and 43 [err]
decoding, in response to said controlling step, each respective group of
pictures. 23. The noving picture decodi ng nethod according to claim 22,
further conprising the step of generating a Tield synchronjzing signal of
alternating field pplakwies that controls the timng for hg, decodi ng of
said fields for dif egﬁgg = Z
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~field polarities. 24. The noving picture decodi ng nethod according to claim
23, wherein said step of controlling generates a start code to cause said
decoding to decode said first field when said field synchronizing signal is
of said predetermned field polarity. 25. The noving picture decodi ng

met hod according to claim24, wherein the decoded noving picture is

di spl ayed, further conprising the step of scheduling the step of
controlling to generate said start code_two cycles of the field

synchroni zing signal before said first field is to be di spl ayed. 26. The
nmovi ng pi cture decodi ng nethod according to claim 22, wherein said step of
decoding is halted when the | ast inage picture in said respective group of
pi ctures decoded is senged go be bf a field polatity:other than said
predeterm ned field poIS?ﬁty. 27.1The:aning:picture:décoding met hod
according to claim 22, &pgreinléafd different field pojarities are top and

44 ! [err]ibottonﬁfieﬁd polarities and said
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. encoded field of the top field polarity. 28. The noving picture decodi ng
nmet hod according to claim?22, wherein said different field polarities are
top and bottomfield polarities and a | ast inage picture in each respective
group of inmage pictures is an encoded field of the top field polarity. 29.
A conput er-readabl e nmedium for directing a conputer to decode a recorded
signal of an encoded noving picture conposed of franmes into groups of video
i mge pictures including an intra-franmg i mage picture, said frames being
conposed of a plurality of fields of different field polarities including a
predetermned field polarity, and including a start decode signal for
directing said conputer to start decoding when a first inmage picture in
each respective group of pictures is an encoded field of the predeterm ned
field polarity. 30. The comﬁﬁr€r}readable medi um according to clai m 29,
wherein said different 0 pEl drities are top and bottomfield

polarities, further |nc+udr1égﬂn end decode signal for directing said
conputer to stop decodi ng wh an>a | ast i nmage plcture iln each respective
group of inmage pictures is h ®felld of a field polaritly other than an
encoded field of the predet red field polarity.
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31. The conmputer-readabl e nmedi um according to claim29, wherein said
different field polarities are top and bottomfield polaiities, wherein the
start decode signal further directs said conputer to start decodi ng when
the first imge picture in each respective group of inmage pictures is an
encoded field of the top field polarity. 32. The conputer-readabl e nedi um
according to claim 29, wherein said different field polarities are top and
bottomfield parities, wherein said start decode signal further directs
said conputer to stop decoding when a lgast inmage picture in each respective
group of image pictures is an encoded field of the bottomfield polarity.
33. The conput er-readabl e nedi um according to claim?29, wherein a field
synchroni zing signal of alternating field polarities controls the timng
for the decoding of said fields for different field polarities. 34. The
conput er -r eadabl e medi um according to claim 33, wherein said start decode

signal further directs said conputer to start decoding said first inage
when said field
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- synchroni zing signal is of said predetermned field polarity. 35. The
conput er - readabl e nmedi um according to claim 34, wherein the decoded novi ng
picture is displayed, wherein said start decode signal directs said
conputer to schedul'e said start code two cycles of the field
synchroni zing signal before said first field is to be displayed. 36. A
novi ng pi cture encodi ng apparatus for ﬁncoding a noving picture into groups
of video inmage pictures including an intra-franme i mge picture, said franes
bei ng conposed of a plurality of fields of different field polarities
including a predetermned field polarity, conprising: form ng neans for
formng series of frames to be encoded into respective group of inage
pi ctures and for generating data designating the first field in said
respective group of image pictures being of the predetermned field
pol arity; encodi ng nmeans for encodi ng each series of frames forned by said
form ng neans intos§ﬁ%9 respective groups of imge pictq&ggimﬁpd

o~ "~ o > oy P A O T o b Ve o A O S A St e kv Bt 0 b e T i m am

group_of_pictures(){

group_start_code 32
time_code 25
closed_gop 1
broken_link 1

if{nextbits(}==extension_start_code){

extension_start_code 32
while(nextbits()i='0000 0000 00000000 0000 00001°){
group_extension_data 8
}
next+_start_code()
}

if(nextbits( ==user_d'ata__start___code){
user_data_start_code 32

tirst_field_parity_GOP
last_field_parity_GOP
reserved

while(nextbits()i='0000 0000 00000000 0000 00001}
user_data 8

}
next_start_code()

}

do {
picture()
} while{nextbits()==picture_start_code)
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transmtting neans for transmtting the encoded noving picture encoded by
sai d encoding neans and for transmtting said data designating said first
field of the predetermned field polarity in each respective group of image
pi ctures. 37. The noving picture encodi ng apparatus according to claim 36,
wherein said respective group of inmage pictures is transmtted as a stream
of bits including a header with reserved areas for header information; and
said transm tting neans further transni s as header information data
designating that a last franme in each series to be encoded'is a field of
polarity other than said predetermned field polarity. 38. The noving

pi cture encodi ng apparatus according to claim 37, wherein said transmtting
means further arranges said header information according to an MPEG
standard and transmts said data designating said first and | ast frames as
user data. 39. The noving picture encodi ng apparatus according to clai m 36,
wherein said different field polarities are top and bottomfield polarities

and said formng means forng Lagh 38-%8rEs (GoP)
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of frames such that said first field is of the top field polarity. 40. The
nmovi ng pi cture encodi ng apparatus according to claim 36, wherein said
different field polarities are top and bottomfield polarities and said
form ng neans forns each series of frames such that a last field in each
series is of the bottomfield polarity. 41. A noving picture encodi ng

nmet hod for encoding a noving picture into groups of video inmage pictures
including an intra-franme i mage picture, said frames being conposed of a
plurality of fields of different field polarities including a predeterm ned
field polarity, conprising the steps of: 48 [err] form ng
series of frames to be encoded into resfective group of imge pictures and
generating data designating the first field in said respective group of

i mge pictures being of the predetermned field polarity; encoding each
series of frames formed into said respective groups of inage pictures; and
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transmtting the encoded noving picture encoded and transmtting said data
designating said first field of the predetermned field polarity in each
respective group of image pictures. 42. The noving picture encodi ng net hod
according to claim4l, wherein said respective group of inage pictures. is
transmtted as a streamof bits including a header with reserved areas for
header information; and said step of transmtting further transmts as
header information data designating that a last frane in each series to be
encoded is a field of polarity other thah the predeternmined field polarity.
43. The noving picture encodi ng net hod according to claim42, wherein said
step of transmtting further arranges said header information according to
an MPEG standard and transmits said data designating said first and | ast
frames as user data. 44. The npving picture encodi ng nmethod according to

49 claim 41, 8 Az d di ff MRt fiel MADI aritiltiESare topM?i?zﬂ
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- bottomfield polarities and said step of formng forns each series of
frames such that said first field is of the top field polarity. 45. The
novi ng pi cture encodi ng net hod according to claim4l, wherein said
different field polarities are top and bottomfield polarities and said
step of formng forns each series of frames such that a last field in each
series is of the bottomfield polarity. 46. A noving picture decoding
apparatus for decodi ng an encoded noving picture of frames encoded into
groups of video inmage pictures includi®g an intra-franme i mage picture, said
frames being conposed of a plurality of fields of different field
polarities including a predetermned field polarity, said encoded novi ng
pi cture including data designating a first field of the frames having said
predetermned field polarity, conprising: detecting neans for detecting the
first field designated by said data to be of: aaid“btéﬁétéThfﬁéd field
polarity of the first fidld befole decodlng.tﬁb encbded‘nDV|ng pi cture;
control neans for controlllng a decodlng s{art tige:tQ nglncﬂecodlng sai d

encoded novi ng picture when sai d: flrst field-is dﬂtecLed~by_savd det ecti ng
means; and !
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decodi ng nmeans, responsive to said control neans, for decoding said encoded
nmovi ng picture. 47. The noving picture decodi ng apparatus according to

cl ai m 46, wherein said encoded noving picture further includes data
designating a last field having a field polarity of said predeterm ned
field polarity; and wherein said detecting neans detects the data
designating the last field. 48. The noving picture decodi ng appar at us
according to claima46, further conprising field synchronizing signal neans
for generating a field synchronizing signal of alternating field polarities
that controls the timng for the decodildg of said fields for different
field polarities. 49. The noving picture decodi ng apparatus according to
claim 46, wherein said control means generates a start code to cause said
decodi ng neans to decode said first field when said field synchronizing
signal is of said predetermned field polarity. 50. The noving picture

decodi ng apparatls 3cGor difig t9 o
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claim 46, wherein the decoded noving picture is displayed, further
conprising scheduling neans for scheduling the control neans to generate
said start code two cycles of the field synchronizing signal before said
first field is to be displayed. [err] 51 51. A noving picture decoding
met hod for decodi ng an encoded noving picture of frames encoded into groups
of video inmage pictures including an intra-frane imge picture, said franes
conposed of a plurality of fields of different field polarities including a
predeterm ned field polarity, said encoded noving picture including data
designating a first field of the franes having said predeterm ned field
polarity, conprising the steps of: detecting the first field designated by
said data to be of said predetermned field polarity of the first field

bef ore decodi ng the encoded noving picture; controlling a decoding start

time to begin decoding said encoded noving picture when said first field is
det ect ed;
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and decodi ng said encoded noving picture comrenci ng at the decodi ng
start-tinme. 52. The noving picture decodi ng nmethod according to claim51,
wherein said encoded noving picture further includes data designating a

| ast field having a field polarity of said predeterm ned polarity; and
wherein said step of detecting detects the data designating the last field.
53. The novi ng picture decodi ng nethod according to claim51, further
conprising the step of generating a fiel2l synchroni zing signal of
alternating field polarities that tines the decoding of said fields for
different field polarities. 54. The—+®w ng picture decodi ng net hod
according to claim51, wherein sai AE gp of controlling generates a start
code to cause the decoding 3 aid f¥rst field when said field

synchroni zing signal is of‘g?i${r£g€q rmned field polarity. 55. The
nmovi ng pi cture decodi ng net hod accorfding to claim54, wherein the decoded
novi ng pi cture i sdrsptayed; >
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further conprising the step of scheduling the step of controlling to
generate said start code two cycles of the field synchronizing signal
before said first field is to be displayed. 56. A conputer-readable nmedi um
for directing a conputer to decode a recorded signal of encoded franmes of a
novi ng picture conposed of a plurality of groups of video inmage pictures
including an intra-frame i mage picturegsaid frames being conposed of a
plurality of fields of different field polarltles i ncluding a predeterm ned
field polarity, said encoded fra Iud| ng: data representing that a
field polarity of a first frane i‘lﬁ spectlve group of image pictures is
of said predetermned field pol arg ncluding a start decode signha
for directing said conputer to stla ng when a field read is the
first field as—desi 5 53 [err] 57. The

conput er - r eadabl e nedlun1accord|ng 0 cIa|n156 wherein said recorded
signal includes data designati ng.t £ ,ldd larity of a last frame in
sai d respectiye group of image piy &4didg predeterm ned field
polarity; and{further
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uding an end decode_si gnal L ' '
Frammm | hasEAROHeRgﬂgORﬂj‘t politation N 610493 pr edet)B0S hsLOPY d

58. The conputer-readabl e medi um according to claim57, erein

rects said comute

ﬁj‘@r@ﬁm%gfﬂg@standard and \/\herel n sai d start decode 5| gnal furthe

ENCODING/DECODING FIELDS OF PREDETERMINED FIELD POLARITY
APPARATUS AND METHOD

A moving picture is encoded into groups of video image pictures which each frame composed
of fields of different field polarities including a predetermined field polarity. The polarity of
the first filed of a series of frames to be encoded into a respective group of image pictures is
set to the predetermined field polarity. Alternatively the polarity of the first field of the series
of frames may be identified by data transmitted with the encoded moving picture. The
encoded moving picture is decoded at a decode start time designated when the first field in
each respective group of image pictures is of the predetermined field polarity. Alternatively,
the decode start time is generated on the basis of the data designated the field polarity of the
first field. A computer-readable medium (2) provides a medium in which the encoded moving
picture is recorded and directs a computer to decode the encoded moving picture when the
-@ first image picture in each respective group of image picture is an encoded field of the
predetermined filed polarity or, alternatively, when the field read from the medium is the first
. filed as designated by designating data.
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