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Specification
Encoder And Decoder

%ield of the Invention

This invention relates to an encoder for encoding a
video signal used in a television system or the like, and to
a decoder for decodihg an encoded data which is recorded on
a recording medium.
Description of Related Art

When a video signal of a dynamic image such as a tele-
vision signal is transmitted at a low bit rate, it is gene-
ral to use the discrete cosine transform (DCT). For ex-
ample, the DCT is employed in the recommendation draft
firmed September, 1990 in MPEG (Moving Picture Experts
Group) of the International Standards Organization
(abbreviated as ISO). The MPEG further intends to use

Huffman coding which is a kind of the variable-length

-encoding, so that information is compressed by a combination

of the DCT and the variable-length encoding to be transmit-
ted. :

In this variable-length encoding method, however, when
an error once occurs, the error may propagate over blocks of
the DCT. Since error-correcting codes are generally added,
such an error will not occur substantially undoubtedly.

However, in a transmission channel.-such as a digital VTR in

which burst errors relatively frequently occur, for example,
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thefe is a case that burst errors occur in a degree of
exceeding the error correction capability. In such a case,
£here arises a problem in that the error propagation spreads
over the blocks. An example of such a case will be des-
cribed below.

Figs. 1(A) and 1(B) are block diagrams illustrating the
configuration of a conventional encoder and decoder. The
encoder has a DCT circuit 101 which performs the DCT on each
block, a quantizer 102 which quantizes transform coeffici-
ents from the DCT circuit 101, and a Huffman encoding
circuit 103 which performs the Huffman encoding on the
output of the quantizer 102. The decoder comprises a
Huffman decoding circuit 104 which performs the Huffman
decoding on input data, an inverse quantizer 105 which
performs the inverse gquantizatien on the output of the
Huffman decoding circuit 104, and an inverse DCT circuit 106
which performs the inverse DCT on the output of the inverse
quantizer 105.

The operation will be specifically described. It is
assumed that, for example, results obtained by the blocking
of 8'x 8 pixels and the transform in the DCT circuit 101 are
arranged as shown in Fig. 2. The results are subjected to
the run-length encoding by scanning them in a zig-zag manner
as shown in Fig. 3. In a case of a specific example of data

shown in Fig. 4, for example, these data are transformed by
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the run-length encoding into the data shown in the left side
of Fig. 5. When subjected to the Huffman encoding using the
ﬁuffman encoding table shown in Fig. 6, these are trans-
formed into codes having various code lengths as shown in
the right side of Fig. 5. In general, after the blocking
process, added is a data which is called EOB (End of Block)
and indicates the end of a block,

Next, the manner of performing a decoding operation in
a case will be described, for example, wherein a 1-bit error
oc;urs in the data of 10111010 having the run-length (length
of consecutive 0O-values) of 0 and the value (the value of
non-zero) of 16, with the result that theldata becomes
11111010. At first, it is certain that the data preceding
this data have been normally decoded, and -therefore it is
not necessary to consider these preceding data. According
to the Huffman encoding table shown in Fig. 6, the data of
11111010 is broken down into 11, 11 and 1010. Since 11 has
the run-length of 0 and the value of 1, it becomes different
from the original data. Furthermore, since the data of 1010
does not exist in the Huffman encoding table, numerals from
the next data of 101110111 are added in sequence to 1010,
and then the decoding is performed. As a result, the first
10101 in 1010101110111 is decoded to the run-length of 0 and
the value of 5 according to the Huffman encoding table of

Fig. 6.
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" In 01110111 which remains as a result of removing
10101, 01110 is decoded to the run-length of 0 and the value
of 7 according to Fig. 6. In the remaining 111, the first
11 is decoded to the run-length of 0 and the value of 1.

The 1 which remains to the last does not exist in the
Huffman encoding table, and the next data of 10110111 is put
after the 1, and then the decoding operation is performed cn
the resulting 110110111. To begin with, the first 11 is
decoded to the run-length of 0 and the value of 1, and then
01101 to the run-length of 5 and the value of 1. As a
result of the above-described operation, the decoded data
becomes as shown in Fig. 7, and fails to have information on
an EOB.

In the decoding operation, generally, an EOB functions
as a break point of one process. If there is no information
of this kind, it is judged that the data of the succeeding
block afteé an EOB are included in the data of the currently
processed block, and the decoding operation is performed
under this judgment. Namely, when the data (Fig. 7) decoded
in the above-described decoding operation are rearranged
into an 8 X 8 element block, they become as shown in Fig.

8, with the result that there is a great difference between
them. Moreover, the blank portions shown in Fig. 8 are
filled with the data of the succeeding block. Consequently,

the decoding operation 1is erroneously performed also on the
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duta of the succeeding block. This causes an error not to
be limited within one block, resulting in that the error
produces a large effect.

Fig. 9 shows the code configuration in an error correc-
tion system which is used very frequently in recent years
and called the double Reed-Solomon. To the data of m bytes
x n bits, at first, an error-correcting code of Cn X m bytes
is added in the longitudinal direction, and then an error-
correcting code of Cph x (n + Cn) bytes is added in the
transverse direction, so as to perform the double error
correction. Thereafter, the encoded data are transmitted.

Fig. 10 shows an example of a specific transmission.
The simplest transmission method is shown in Fig. 10 in
which codes of m + Cp bytes are transmitted in one unit and
this is repeated (n + Cn) x 8 times (1 byte consists of 8
bits). In this case, the error-correcting code of C, bvytes
is referred to as Cl parity, and the error—correcting'hode
of C, row to as C2 parity. Since a transmission is con-
ducted in the unit of one bit in a general digital trans-
mission system, synchronous data (hereinafter, referred to
as SYNC) for performing the synchronization for the conver-
sion into the unit of byte, and identity data indicative of
the row number (the position in the longitudinal direction)
in Fig. 9 and their parity data (hereinafter, these are

generally referred to as ID data) are added to the m + Cm

o
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bytes, and thereafter the transmission is conducted. 1In

rder to improve the pulling-in of a PLL in the decoding

system, a synchronous area which is sometimes called a

preamble may be placed before the entire (n + C,) x 8

cycles, and then the transmission is conducted,

Recently, for business or domestic use, a recorder of
the helical scan type has been employed for recording a
large amount of data (especially, video data) on a magnetic

tape. Fig. 11 shows an example of its tape pattern. As

shown in Fig. 11, track patterns which are oblique with

respect to the tape running direction are formed. This
method is a very effective one because it is relatively easy
to improve the area recording density as compared with the

method in which data are recorded in parallel with the tape
running direction. As seen also from Fig. 11, however, it
is difficult to achieve the continuity in time between the

tracks in the microscopic sense. In a VIR or the like for

domestic use, for example, the portions connecting tracks

are assigned to record the video signal regions called the

vertical blanking periods which are affected in a reduced

degree even if damaged. Namely, in such a VTR use double

error correction is usually selected so that the block size

for the error correction code is included within one track

and does not extend over tracks.

A means called the variable-length encoding is known as
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one of the means for efficiently transforming data having
redundancy of a high level. This is described with refer-
ence to Fig. 12. A to F shown in Fig. 12, which are called
symbols, indicate the states of data to be compressed. In
the event that this encoding is used in combination with the
run-length encoding, the zero run-length functions as a
symbol, and in case of a gray-scale video signal the value
itself functions as a symbol. When a video signal is sub-
Jected to the high-efficiency encoding, the combination of
the orthogonal transform, the run-length encoding and.the
value itself may function as a symbol. Each symbol is
assigned with a code in accordance its generation fre-
quency. Fig. 12 shows an example in which generation fre-~
quencies.a}e gradually decreased along the sequence of A to
F. While the code-length of A is 1 bit, the code-length of
F is 5 bits. In this way, the higher generation frequency a
symbol has, a code of shorter code-length is allocated to
the symbol. This causes the entire code-length to be shor-
tened, thereby ‘enabling the' encoding to be efficiently per-
formed. A process of variable-length encoding which is
widely employed in general uses the Huffman codes. A block
diagram of an encoder which adds error-correcting codes to
thus encoded variable-length data is shown in Fig. 13.

The encoder shown in Fig. 13 has a code converter 111

which performs the variable-length encoding, a buffer memory
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llz'which stores the capacity of m x n bytes shown in Fig.
9, and an error-correction encoding unit 113 which adds
error-correcting codes of C1 parity and C2 parity. This
encoder operates as follows: a code conversion process is
done using, for example, an encoding table such as shown in
Fig. 12 in a ROM or the like, and the code-converted data is
stored in the buffer memory 112 of the capacity in the unit
of one error-correction encoding unit 113, and the error-
correcting codes are added to the output of the buffer

memory 112 by the error-correcting encoder 113, and then the

data is sent out to a transmission channel.

When a tape recorder of the helical scan type is em-
ployed as a transmission medium, there arise the problems
described below.

Fig. 14 shows a locus of a head trace of a tape recor-
der of the helical scan type in a trick play state such as
the fast f;rward moving. In Fig. 14, L and R indicate the
directions of azimuth recording which has an object of eli-
minating crosstalk components between adjacent tracks. The
L and R azimuths'are symmetric with respect to an axis
per-pendicular to the longitudinal direction of the track.
Tracks of the L. azimuth cannot be reproduced by the R
azimuth head, and tracks of the R azimuth cannot be re-
produced by the R azimuth head. 1In Fig. 14, the locus of a

head trace in a high speed reproduction in which the tape

\\
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velocity is eight times as that of the normal running is
shown on the tape pattern. If the azimuth of this head is
the L azimuth, tracks of the R azimuth cannot be reproduced,

and therefore the reproduction output of the head is obtain-

ed only from the hatched portions in Fig. 14. This output
is shown in Fig. 15. As shown in Fig. 15, in a high speed

reproduction, a satisfactory output can be obtained only
during a fixed period. Unless one or more Cl blocks are
included within this period, it is impossible to perform the
error correction in the Cl direction. Generally, one or
more Cl blocks are included. In such a trick play, despite
of the sign of double product, it is possible for the error
correction to be pefformed only in one direction, and the
decoding‘in a trick play also is generally performed in the
unit of Cl. In this case, assuming that, for example, data
shown in Fig. 16 are recorded and that the reverse azimuth
trace is ébnducted so that the portion before the dotted
line cannot be decoded and t?e portion after the dotted line
is decoded, when the decoding is performed'on data after the
dotted line using the encoding table of Fig. 12, there is a
problem in that the original symbols F and A are decoded
with being changed to the symbol D. When an image signal is
encoded, for example, the video signal is subjected to the

DCT transform onto the frequency region as shown in Fig. 3,

and then to the variable-length encoding by performing the
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run-length encoding as shown by the arrow. In such an
éncoding process, the problem of a changed symbol appears as
data shifted to a different frequency region, so that the
resulting image is entirely different from the original
image. Furthermore, in the subband encoding which is fre-
quently employed in a high-efficient encoding of an audio
signal or the like, a signal such as shown in Fig. 17(A) 1is
passed through a subband filter to be frequency-divided,
whereby the signal is band-divided to be encoded as shown in
Fig. 17(B), with the result that the problem of a changed
decoding symbol appears as data shifted to an entirely
different band. The problems of the highfefficient en~
coding and error correction blocking involve a serious
problem iﬁ a transmission system of a tapé medium,

particularly in a trick play, etc.

When video data which have been converted to digital
signals are recorded on a recording medium such as a tape aé
they are, the data amount is« enormous and generally exceeds
the limitation of the data amount recordable on the re-
cording medium. When a digital video signal is recorded on
a tape or the like, therefore, the video signal must be com-
pressed so that the data amount does not exceed the limit-
ation of the tape. The compression of a video signal is

conventionally conducted using a high-efficient encoder.

A high-efficient encoding system which is generally

10
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studied today is the motion-compensation cosine transform
coding system described in, for example, "STUDY ON FILTERS
IN ENCODING LOOP IN MOTION-COMPENSATION COSINE TRANSFORM
ENCODING" disclosed in IE86-100 (Technical Report of the
Institute of Electronics, Information and Communication
Engineers). A block diagram of an encoder which performs
Lthis system as shown Fig. 18. In Fig. 18, 124 designates =a
DCT circuit, 125 an inverse DCT circuit, 126 a frame memory,
128 a motion-vector extractor, 122 a subtracter, 127 an
adder, and 123 and 129 switches.

Next, its operation will be described. Since a two-
dimensional DCT of 8 x 8 pixels is usually employed, it is
supposed that data which have been blocked into 8 x 8 are
sequentially input into the DCT circuit 124. When the
switch 123 is connected to the upper side, the input data
are subjected to the DCT process as they are. On the other
hand, through the inverse DCT circuit 125 having the reverse
characteristics, a signal which is substantially the same as
the input signal is obtained and then stored in the frame
memory 126. In this case, however, the switch 129 is con-
nected to the right side. In the next frame, the switch 123
is connected to the lower side and the switch 129 to the
left side. Then, at first, the signal of the current frame
and that of the previous frame are input into the motion-

vector extractor 128, and the motion vectors of the portions

11
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in which the image moves are extracted. The signal of the
'previous frame is read out from the frame memory 126 with
peing shifted by the degree of this motion. This signal and
the signal of the current frame are input into the subtrac-
ter 122 to be subjected to the subtraction, and supplied
through the switch 123 to the DCT circuit 124 in which the
DCT process is performed, and then scanned in a zig-zag
manner as shown in Fig. 3, to be encoded. On the other
hand, this signal and the signal of the previous frame which
has obtained the reverse characteristics in the inverse DCT
circuit 125 and been shifted by the degree of the motion are
added in the adder 127 to become the same as the input
signal, and stored in the frame memory 126. In this way, by
performing fhe motion-compensation difference process in the
direction along the frames, and the two-dimensional DCT in a
frame, the signal is very effectively encoded.

An example of the amount of codes generated by perfo?m—
ing such an encoding process is shown in Fig. 18. The axis
of abscissa of Fig. 19 indicates frame numbers, and the
frames shown by broken lines are those wherein the switches
123 and 129 of Fig. 18 are connected to the upper side and
to the right side, respectively (referred to as intra-
frames). The other frames are those wherein the switches
123 and 129 are connected in the reverse manner (referred to

as interframes). As shown in Fig. 19, interframes and

12
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intraframes are greatly different from each other in code
;mount. In a record pattern used in a conventional helical
scan type such as shown in Fig. 11, one track is generated
in each field and the length of one track is fixed, and
hence in a case that the code amount varies greatly for each
frame there arises a great inconvenience. That is, when the
track length is allocated in accordance with the code amount
of the intraframes, the track length in the interframes is
in excess, and in the éontrary case the track length in the
intraframes is in short. 1In order to solve this problem, a
method may be proposed in which the rate of the generation
of intraframes is previously set, a fixed length is selected
so as to consist of some tracks (tracks the number of which
is equal to the frame number of a span of the generation of
intraframes), and this fixed length is assigned to each
track. In this method, however, when an editing operation
is to be dbnéucted on each frame, there is a case in which a
portion of a track beginning f;om its midway must be re-
written. The realization of this requires mechanical parts
and control circuits which are very precise and expensive.
Even if these are realized, furthermore, it is a usual
process that as shown in Fig. 20 estimations in opposite
directions are conducted and then the encoding is performed.
In an editing operation for inserting another dynamic image

after F3 of Fig. 20, if this portion is replaced with F'3

13
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and F’4 of Fig. 21, the estimations indicated by marks "X"
;n Fig. 21 cannot be employed. Although Fl and F2 are not
necessary to be edited, therefore, Fl1 and F2 must be decoded
and F1, F2, F'3 and F'4 are newly arranged in this sequence
to be encoded again. Hence, that method is not suitable for
an editing operation in units of a frame.

Moreover, in a camera input .or the like, there may be a
case in which the S/N ratio of an input signal is very poor.
When a signal of a poor S/N ratio is input, an erroneous
detection or the like occurs in the motion-vector extractor
128, causing a problem in that the code amount suddenly in-
creases.

It is an object of the invention to provide an encoder
in which, even if an error occurs in a variable-length en-

coded data, the propagation of the error can be restricted

within a block.

It is another object of the invention to provide an
encoder and decoder which can eliminate errors during a
decoding operation in a system of intermittently trans-
mitting data such as a trick play.

It is a further object of the invention to pfovide an
encoder and decoder which facilitate the editing operation
in units of a frame and which can prevent the code amount
from increasing even when an input signal has a poor S/N

ratio.

14
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summary of the Invention

An encoder of the invention counts the data length of a
variable-length code, and time-division-multiplexes the
jnformation of the data length with a variable-length en-
coded data to perform the encoding. Therefore, it is
possible to retrieve the position of an EOB code, the de-
coding of the EOB can be correctly performed, an error does
not propagate beyond an EOB code, and even if an error
beyond the error correction capability occurs the error does
not propagate over blocks.

Another encoder of the invention counts the code amount

in a variable-length encoding process, calculates the number

of the first ignoring bits in a Cl block and time-division-

multiplexes the information to

or counts the code amount in a

process, calculates the number

a Cl block'and after adding an

plexed,

which,

process,
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division-multiplexes the inforpation.

the first some bits of a data which

add an error-correcting code,
variable~length encoding

of the first ignoring bits in
error-correcting code time-

Since information on

the number of the ignoring bits is time-division-multi-
this information on the number of the ignoring bits
is available in a decoding process.

A decodgr_of the invention is provided with a mode in
on the basis of information on the number of the

ignoring bits which is time-axis-multiplexed in an encoding

is error-
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correcting decoded in the direction of Cl are not sent to a
variable-length decoding unit and the remaining is sent to
the variable-length decoding unit. Since the variable-
length decoding is performed with the first some bits
ignored, symbols can be prevented from being changed during
the decoding process.

When performing the variable-length encoding so as to
extend over Cl blocks, another encoder of the invention
assigns a special data (dummy data) which d;es not exist in
an encoding table to all of the remainings of the C1 block::,
and inserts the data thereinto. Therefore, this data wil]
not be decoded in a decoding system, and there is no symbol
change during the decoding process.,

In another encoder of the.invention, when performing
the variable-length encoding so as to extend over Cl bloclks,
variable-length encoded data extending over the.blocks
additionaily inserts again variaﬁle—length codes, from the
top of the next Cl1 block. When the encoding extends over
the next Cl block, therefore, the top of the-next Cl block
is again the top of a new variable-length code. Hence, th:
symbol change does not happen in the decoding.

Another decoder of Lhe invention abandons a data which
is the last one of a Cl block and on which the variable-
length decoding cannot be acc0mp11§hed_ Therefore, a data

on which the variable-length decoding fails to accomplish ar
16
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the end of a Cl block during the decoding is not considered
in the variable-length decoding of the next CI1 block,
thereby eliminating symbols changed in the decoding.

Another encoder of the invention inserts particular
important informapion such as a high-efficient encoded data
of one frame among several tens of frames, or data in which
the compression ratio of each frame is raised, into a pre-
viously set position of a variable-length encoded data.
Since, in a special reproduction such as a trick play, an
important data can be located at a given position of the
object of trace, only the important data can be entirely
reproduced in the special reproduction.

Another encoder of the invention is provided with a
mode in which  only particular information at a previously
set position after error-correcting decoding is decoded.
Since only important data can be surely decoded even in a
super high speed reproduction such as a trick play, a re-
produced image of excellent quality can be obtained.

In another encoder of th; invention, when succeeding
data are disabled for use and partition data of a block
cannot be variable-length decoded, "0" is inserted into
other data of the block and then the inverse orthogonal
transform is performed. Since, in a case that, aiéhough
succeeding data fall into a disable state, the process fails

to reach an EOB code, "0" is inserted into the remaining

17
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data of the block and then the decoding is performed, the
Qecoding is performed without obtaining abnormal decoding
results.

In another encoder of the invention, when succeeding
data are disabled for use and partition data of a block
cannot be variable-length decoded, the data of the block are
abandoned. Since, in a case that, although the succeeding
data fall into a disable state, the process fails to reach
an EOB code, the data of the block are abandoned, the de-
coding is performed without obtaining abnormal decoding
results.

Another encoder of the invention obtains the sum of and
the difference between the odd and even fields of one frame,
and then encodes a video image signal. Siﬁce the encoding
is performed so as to close within one frame, it is possible
to perform the encoding with a higher compression ratio as
compared wiéh a case of encoding simply one frame, and fur-
thermore it is easy to conduct the editing operation in the
unit of one frame. )

Another encoder of the invention detects the poorness
of the S/N ratio of a video age signal and controls the
quantization level of the difference between fields. When
the S/N ratio of a video signal is poor, the encoding is
rerformed with a rough quantizing bit number of the differ-

ence between fields in which the increase of the code amount

18

—

This Sheet Has Bee

M



js particularly remarkable, whereby the increase of the code
amount caused by a noise is prevented from occurring.

Another encoder of the invention selects the case in
which the code amount is smallest, from a case in which the
sum of fields and the difference between fields are obtained
and the blocking is performed, a case in which the blocking
is performed within a field, and a case in which the block-
ing is performed within a frame, and then performs the en-
coding. Therefore, the encode efficiency is always optimum.

An encoder/decoder of the invention quantizes either of
the sum of fields and the difference between fields with a
bit number smaller than that for the other of them by one
‘bit, and Judges its sign and parity in the decoding process
and decodes to respective field data. Thérefore, even if
either of them is reduced by one bit, it is possible to
perform the decoding Qith high-fidelity.

Anoth;r encoder of the invention obtains the sum of
fields and the difference between fields after the band
division, and performs the encohing in which the more rough
quantization is done on the higher frequency components of
the difference between fields. Therefore, the compression
ratio is improved without detecting the deterioration in the
visual sensation.

Brief Description of the Dfawings

Fig. 1 is a block diagram showing the configuration of

19
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aconventional encoder and decoder, Fig. 2 is a diagram
showing blocks of the DCT, Fig. 3 is a diagram showing a
sequence of a zig—zag scan for performing the run-length
encoding in the variable-length encoding, Fig. 4 is a
diagram showing a specific example of DCT coefficients, Fig.
5 is a diagram showing data which are obtained by performing
the run—-length encoding on Fig. 4 and the Huffman encoding
using the Huffman encoding table of Fig. 6, Fig. 6 is a
diagram showing a portion {an example) of a Huffman encoding
table, Fig. 7 is a diagram showing decoded data obtained
when a l-bit error occurs in the data of Fig. 4, Fig. 8 is a
diagram showing data obtained by decoding ihe data of Fig. 17
to DCT coefficients, Fig. 9 is a structural diagrah of
double Reed-éolomon codes, Fig. 10 is a4 diagram showing an
example of a conventional code configuration to be trans-
mitted, Fig. 11 is a diagram showing a tape pattern used in
a tape recérder of the helical scan type; Fig. 12 is a
diagram showing an example of a conventional variable-length
encoding table, Fig. 13 is a block diagram showing the con-
figuration of a conventional encoder, Fig. 14 is a diagram
showing a locus pf a head trace in a trick play state, Fig.
15 is a diagram showing an example of a reproduction
envelope obtained when a high speed reproduction is done in a
tape recorder of the helical scan type, Fig. 16 is a diagram

indicating a problem of a conventional encoder, Fig. 17 is a

20
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diagram showing the subband encoding of audio data, Fig. 18
is a block diagram showing the configuration of a con-
ventional encoder, Fig. 19 is a diagram showing code amounts
generated by a conventional encoder, Fig. 20 is a diagram
showing estimation between frames and editing requirements,
Fig. 21 is a diagram indicating a problem of a conventional
encoder, Fig. 22 is a block diagram showing the con-
figuration of an encoder and decoder according to a first
embodiment of the invention, Fig. 23 is a block diagram of a
data-length recognition circuit in Fig. 22, Fig. 24 is a
block diagram of another data-length recognition circuit in
Fig. 22, Fig. 25 is a block diagram showing the con-
figuration of an encoder which is a modification of the
first embodiment, Fig. 26 is a block diagfam showing the
configuration of an encoder according to a second em-
bodiment, Fig. 27 is a diagram showing a code configuration
in the encoding performed by the encoder of Fig. 26, Fig. 28
is a block diagram showing another configuration of the
encoder according to the seconé embodiment, Fig. 29 is a
diagram showing a code configuration in the encodiné
performed by the encoder of Fig. 28, Fig. 30 is a block
diagram showing the configuration of a decoder according to
a third embodiment, Fig. 31 is a block diagram showing the
configuration of an encoder according to a fourth em-

bodiment, Fig. 32 is a diagram showing a code configuration
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in tke encoding performed by the encoder of Fig. 31, Fig. 33
js a diagram showing an encoding table in the encoder of the
fourth embodiment, Fig. 34 is a block diagram showing the

configuration of an encoder according to a fifth embodiment,

Fig. 35 is a block diagram showing the configuration of a

decoder according to a sixth embodiment, Fig. 36 is a block
diagram showing the configuration of an encoder according to
a seventh embodiment, Fig. 37 is a block diagram showing the
configuration of characteristic portions of a decoder accor-
ding to an eighth embodiment, Fig. 38 is a diagram showing
the operation of the eighth embodiment, Fig. 39 is a diagram
illustrating another improvement in the eighth embodiment,
Fig. 40 is a block diagram showing the configuration of a
decoder according to a ninth embodiment, fig. 41 is a block
diagram showing the configuration of a decoder according to
a tenth embodiment, Fig. 42 is a block diagram showing the
configuration of an encoder according to an eleventh em-
bodiment, Fig. 43 is a block diagram showing the con-
figurétion of a decoder corresponding to the encoder of Fig.
42, Fig. 44 is a diagram showing the interlace scan, Fig. 45
is a diagram showing the interlace structure of a dynamic
image, Fig. 46 is a diagram showing an example of data for
illustrating an effect of the eleventh embodiment, Fig. 47
is a diagram showing an example of data for illustrating an

effect of the eleventh embodiment, Fig. 48 is a diagram
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showing an example of data for illustrating an effect of the
eleventh embodiment, Fig. 49 is a block diagram showing the
configuration of characteristic portions of an encoder
according to a twelfth embodiment, Fig. 50 is a block
diagram showing the configuration of an encoder according to
a thirteenth embodiment, Fig. 51 is a diagram showing the
algorithm of an encoder/decoder according to a fourteenth
embodiment, Fig. 52 is a view showing the calculation method
in the fourteenth embodiment, and Fig. 53 is a block diagram
showing the configuration of an encoder according to a fif-
teenth embodiment. |
Description of the Preferred Embodiments
(First Embodiment)

Fig. 22 is a block diagram showing the configuration of
a first embodiment of the invention. An encoder shown in
Fig. 22(A) has a DCT circuit 1 which performs the DCT on a
blocked viheo signal, a quantizer 2 which quantizes the
output of the DCT circuit 1, a Huffman encoding circuit 3
which performs the Huffman encoding on the output of the
quantizer 2 in accordance with the Huffman encoding table, a
buffer 4 which temporarily stores the output from the
Huffman encoding circuit 3, a generated—data—length counter
5 which counts the length of generated data on the basis of
the output from the Huffman encoding circuit 3, and a switch

6 which switches the ocutput from the buffer 4 and that from
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the generated-data-length counter 5. A decoder shown in
Fig- 22(B) has a Huffman decoding circuit 7 which decodes
input data in accordance with the Huffman encoding table, a
data-length recognition circuit 8 which recognizes the data
length from input data, an inverse quantizer 9 yhich
performs the inverse gquantization on the output of the
Huf fman decoding circuit 7, and an inverse DCT circuit 10
which performs the inverse DCT on the output of the inverse
quantizer 9. -

Next, the operation of the encoder will be described.
A video signal is blocked into (8 pixels in horizontal
direction) x (8 pixels in vertical direction), for example,
and input into the DCT circuit 1. The output of the DCT
circuit 1 is_input'into the quantizer 2 to be quantized.
This quantizer 2 may adequately performs the quantization in
accordance with state of the image. Then, the quantized
data are input into the Huffman encoding circuit 3 in which
the data are at first scanned in a zig-zag manner as shown
in Fig. 3 to be run-length encoded. The two-dimensional
data of the rgn—length and the value are subjected to the
encoding in which the code length is not fixed in accordance
with the Huffman encoding table such as shown in Fig. 6, and
then output ffom the Huffman encoding circuit 3.

On the other hand, the generated-data-length counter 5

counts the amounts of the data lengths generated in one
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of 8 x 8 pixels. This can be readily realized by, for

plock

cxmﬂde’ a configuration in which the data lengths of Fig. 6
are made into a table using a ROM or the like, the Huffman
encoding and the output operation of the generated length of
the data are simultaneously performed, and it is accumulated
to be added. The buffer 4 merely functions to store data.

To the switch 6, supplied are a Huffman-encoded data and
information indicative of its generated data length.

When, at the first of the block, the switch 6 selects
information indicative of the generated data length and then
a variable-length encoded data, for example, the receiving
side (the side of the decoder) can know at first the data
length of the block among the time-division-multiplexed
data. Therefore, even when an error occuré in variable-
length encoded data and an EOB code is lost, since it is
sure that the EOB code exists at the last portion of the
data lengtﬁ, it is possible to deduce the position of the
EOB code from the information jindicative of its data length.
.Namely, in such an encoder, an EOB will never be lost.

Next, the operation of the decoder shown in Fig. 22(B)
will be described. The data-length recognition circuit 8 is
a circuit which recognizes the above-mentioned information
indicative of the data length and searches the position of

the EOB code, and a circuit which monitors so that the

Huffman decoding circuit 7 does not make an EOB code lost.
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Specifically. it is configured as shown in Fig. 23. The
da;a-length recognition circuit 8 has a counter 12 which
counts the length of an input data, and a RAM 13 which
stores incoming information of the aforesaid input data
length, and, when the length of an input data agrees with
the aforesaid information indicative of the input data
length, sets a f{lag which interrupts the Huffman decoding
even if it has not yet been ended. According to this flag,
the Huffman decoding circuit 7 can interrupt the Huffman
decoding process.

In order to reduce the error propagation to a smaller
degree, a process may be performed in which the decoding
reversely proceeds from an EOB céde. Since information of
the data length is very shorter than a variable-length data,
there is little possibility that an error occurs in the
information of the data length. Furthermore, the data-
length recégnition circuit 8 configured as shown in Fig. 24
can conduct a double check using the actual data of an EOB
code.

Information indicative of a data length may be trans-
mitted in a fixed length or in a variable length. When the
position of an EOB code is approximately determined, the
data-length recognition circuit 8 can search the position of
the EOB.code. Therefore, it is needlegs to say that the

information indicative of its data length may be rough
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information (e.g., the

when rough information
search for an EOB code
time. In such a case,

incoming data are once

least significant bit is omitted).
only is transmitted, however, the
requires a considerable period of
hence, it must be configured so that

stored in a buffer 11 as shown in

Although, in the above embodiment, as the block trans-

form encoding the DCT has been specifically described, and

as the variable-length encoding the Huffman encoding has

been described, it is needless to say that any block trans-

form encoding and variable-length encoding other than these

may be used. Moreover,

although the above-described em-

bodiment employs the variable-length encoding in which an

EOB code is transmitted, according to this embodiment,

information of the data length is transmitted, so that it

becomes unnecessary to transmit an EOB. Therefore, there is

.

a further effect that the transmission of an EOB can be

omitted. Although the embodiment of Fig. 22 uses the switch

6 in order to divide in time and serially multiplex inform-

ation of a generated data length and a variable-length

encoded data, it is needless to say that information of a

data length may be written at a certain fixed address of a

buffer 4 and serially read out.

{Second Embodiment)

Fig. 26 is a block diagram showing the configuration of
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encoder in a second embodiment. In Fig. 26, the encoder

an

js composed of a code converter 16 which performs the code
conversion in acco;dance with a predeterminéd encoding
table, a code-length detector 17 which detects the code
length of a generated variable-length encoded data, a buffer
memory 18 which stores the output of the code converter 16,
an ignoring-bit-number data generation circuit 14 which
generates the ignoring-bit-number data on the basis of the
output of the code-length detector 17, a switch 22 which
switches the output of the buffer memory 18 and that of the
ignoring-bit-number data generation circuit 14, and an
error—-correction encoding unit 23 which adds an error-
correcting code to the output of the switch 22. The
ignoring-bit-number data generation circuit 14 consists of
an accumulation adder 19 which accumulates the output from
the code-length detector 17 to add, a minimum circuit
(hereinaftér, referred to as "MIN") 20 which outputs the
smaller one of the output of the accumulation adder 19 and a
constant C which is input from.the oulside, and a subtracter
21 which subtracts the output of the MIN 20 from that of the
accumulation adder 19.

Then, the operation will be described. Input data are
variable-length encoded by the code converter 16 performing

the code conversion in accordance with an encoding table

which is so designed that the code length becomes shorter
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with the higher generation frequency in a similar manner as
the Huffman code, and then stored in the buffer memory 18.
st the same time, the code-length detector 17 detects the
code lengths of the generated variable-length encoding, and
the code lengths are accumulated to be added by the accumu-
lation adder 19 and then passed to the MIN 20. As the
constant C input into the MIN 20, given is a value obtained,
for example, by subtracting from m Eytes which is the
addition unit of Cl parity (i.e., m x 8 bits) the bit number
of the data generated by the ignoring-bit-number data gene-
ration circuit 14 (since it is usual that the code length
for one symbol of the variable-length encoaing is less than
30 bits, about 5 bits are usually sufficiépt for the gene-
ration of the ignoring-bit-number data).

Cz=z=mX 8 -5
When the value of the accumulation adder 19 is greater than
this value of C, the output of the MIN 20 selects C. Then,
the output of the subtracter 21 ism x 8 - 5 - C, and namely
it becomes equal to the data bit number which overflows into
the next C1 block. This value is selected by the switch 22
during the first 5 bits of the next Cl block to be time-
division-multiplexed, whereby the data list shown in Fig. 27
is obtained. 1In this case, during when the switch 22

selects the ignoring-bit—-number data, the read out of the

buffer memory 18 is controlled so as not to be conducted.
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MWn‘the process transferred to the next Cl block, the
accumulation adder 19 performs the initial operation. Its
gnitial value may be the value of m x 8 - 5 - C.

Therefore, it is entirely unnecessary to restrict the
circuit for generating the ignoring-bit data to Fig. 26.
For example, it is needless toAsay that the calculation in
which the accumulation-adding result is divided by C to
obtain the remainder may be used. Furthermore, as the
ignoring-bit-number data, the bit numbe; of a code located
in the previous Cl block may be obtained.

Moreover, the above is also applicable to the provision
of the buffer memory 18 and the presence of the switch 22.
If the above-mentioned operation only is to be done, the
minimum of operation can be done with the buffer memory 18
of m bytes. The data accumulation function for adding an
error-correcting code to data of m Xx n bytes may be provided
to the errdr-correction encoding unit 23. For example, a
similar function can be realized by providing the buffer
memory 18 with a region for sto}ing the ignoring-bit-number
data which is the output of the subtracter 21. Alter-
natively, this may be similarly realized by further pro-
viding a memory for storing the ignoring-bit-number data
which is the output of the subtracter 21 and by controlling
the read out of the buffer memory 18. In a case of adopting

such a configuration, it is convenient for the buffer memory
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18 to have a capacity of m x n bytes.

Furthermore, it is not necessary to have such a
jgnoring-bit-number data in the form of a data in the m
bytes, but it may be possible to have such a data in the ID
data area in Fig. 29. The configuration of an encoder for
time-axis multiplexing an ignoring-bit-number data in this
way in addition to m-byte data is shown in Fig. 28 in which
24 indicates a switch and 25 a memory.

Next, the operation will be described. Since the
operation is fundamentally the same as that of Fig. 26, only
the different portions will be described. The value of the
one input of the MIN 20 is (m x 8 - 5) in Fig. 26, but m x 8
in Fig. 28. Because an ignoring-bit-number data is posses-
sed in addition to the m bytes, the whole of the data of the
m bytes can be used. In Fig. 28, accordingly, C' = m x 8 is
satisfied. Moreover, since the output of the subtrécter 21
is added with an error-correcting code and then time-
division-multiplexed, the requirement for once storing it
into a meméry is increased. The memory 25 is a memory for
this purpose, and configured so that the switch 24 can
switch data stored in the memory 25 and the output of the
error—-correction encoding unit 23. However, when the switch
24 is connected to one of them, the other of them must stop
its output (read out) operation. Data output from the

circuit which functions in this manner have a structure
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shown in Fig. 29,

Further it is needless to say that the memory 25 may
additionally store the original ID data and SYNC data. If
this is not the case, there exists at any other place a
block.in which the ID data and SYNC data are added.
Moreover, in Fig. 28, an ignoring-bit-number data is multi-
plexed to the ID data, and alternatively a method may be
employed in which it is multiplexed into Cl parity using a
technique such as superposed codes disclosed in "New Classes
of Binary Codes Constructed on the Basis of Concatenated
Codes and Product Codes,” IEEE Transactions on Information
Theory, No. 4, 1976, pages 462-468. Furthermore, it is
needless to séy that the aforesaid variable-length encoding
may be variable—length codes having a mode-of escaping to a
fixed length.

(Third Embodiment)

* Fig. 30 is a block diagram showing the configuration of
a decoder of a third embodiment used in the decoding of
encoded data which have been encoded, for example, by the
encoder of Fig. 26 and passed through a transmission medium
such as a tape. 1In a transmission system such as a tape
medium, there may exist a product for reproduction only, and
therefore there may exist also a product using a decoder.
The decoder shown in Fig. 30 has an error-correction de-

coding unit 29 which performs the error-correcting decoding,
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an ignoring-bit-number data recognition circuit 26 which
fetches an ignoring-bit-number data at a fixed position from
data of m bytes, a switch 27 the ON/OFF operation of which
is controlled by a control signal from the ignoring-bit-
number data recognition circuit 26, and an inverse code
converter 28 which performs the inverse code conversion on
the output of the switch 27.

Next, the operation will be described. A signal (a
reproduction output in the case of a tape recorder) which
has passed through a transmission medium is subjected to the
error correction in the error-correction decoding unit 29 to
correct an error caused by a poor S/N ratio of a trans-
mission channel, and is then output as a correct data. In a
case that a special high speed reproduction or the like is
done in a tape recorder, etc., it is preferable to decode in
the unit of Cl1 block, but, after the error correction de-
coding is done in the unit of C1 block, a control signal for
controlling the bit number of data to be ignored in the
variable-length decoding is sent from the ignoring-bit-
number data recognition circuit 26 to the switch 27, thereby
controlling the input of the inverse code converter 28. The
ignoring-bit-number data are 5 bits in the description of
the second embodiment. When the ignoring-bit-number is k
bits, therefore, the switch 27 is turned OFF so that data of

k + 5 bits are not subjected to the inverse code conversion.
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ﬂu¢£ermore. the inverse code converter 28 begins the
variable-length decoding operation after the switch 27 is
turned ON. When the inverse code converter 28 can perform
the decoding-inhibiting mask operation, it is sufficient for
a flag of bits on which the mask operation is done to be set
for k + 5 bits. In this case, even if the switch 27 is not
provided, the decoder is brevented from erronecusly ope-
rating. According to this configuration, for example, 3
bits after the dotted line in Fig. 16 are not variable-—
length decoded, and the fourth and succeeding bits are
correctly decoded, so that the problem of changed symbols is
prevented from occurring.

Moreover, in a case that the configuration shown in
Fig. 28 is adopted as the encoder, the input of the
ignoring-bit-number data recognition circuit 26 may be a
signal taken from a position before the error-correction
decoding uhit 29.

In the second and third embodiments, the case of
performing only the variable-length encoding has been des-
cribed. Alternatively, the encoding may be a combination of
the fixed-length encoding and the variable-length encoding,
or use a plurality of variable-lengtlh encoding techniques.
Although double Reed-Solomon codes have been described as
the error-correcting codes,; any error-correcting code for

fixed-length data the length of which is not variable in the

34

———————

This Sheet Hag Been

e



unit of block may be used. For example, it is needless to
say that encodings such as BCH codes, cross interleave
codes, and the TORELIS encoding in which the code length is
variable in some degree may be used. Although in the em-
podiment one ignoring-bit-number data is added to each Cl
block, when the error-correcting block is small in size, one
jgnoring~bit-number data may be added to each m x n bytes.

In a case that a plurality of variable-length encoding
techniques (including fixed-length 'encoding techniques) are
used, they may be so configured that the encoder performs
the encoding with adding ignoring-bit-number data and
information indicative of the techniques,'the decoder
recognizes the information, an& a aecode unit which performs
the variable-length decoding (including tﬂe fixed-length
decoding) decodes it. According to its simplest example, in
a certain case (for example, a case wherein the freguency of
occurrence‘is not biased 'in a statistical sense) a fixed-
length encode unit is used, anq in another case the encoding
is performed using a variable-length encode unit or some
variable-length encoding tables. If there is further header
information, the multiplex may be done using the inform-
ation.

(Fourth Embodiment)

Fig. 31 is a block diagram showing the configuration of

an encoder according to a fourth embodiment. The portions
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of Fig. 31 which are designated by the same numerals as Fig.
26 showing the second embodiment indicate the identical
portions. In Fig. 31, 15 designates a special code inser-
tion allowance judging circuit which consists of an accumu-
jation adder 18 and a comparator 30 comparing the output of
the accumulation adder 19 with a constant C' input from the
outside, 32 a save buffer which temporarily stores the
output from the code converter 16, and 31 a switch the
ON/OFF oberation of which is controlled by a control signal
from the special code insertion allowance judging circuit 15
{comparator 30).

Next, the operation will be described. Input data are
variable-length encoded by the code converter 16 and temp-
orarily stored in the save buffer 32. On the other hand,
the code-length detector 17 detects the code length of the
generated conversion codes, the accumulation adder 19
accumulateé the generated code lengths to add and counts
the total generated code length, and the comparator 30
compares the output of the accumulatién adder 19 with the
constant C’ and judges whether or not the output of the
accumulation adder 19 exceeds the constant C'. If the
output of the accumulation adder 19 exceeds the constant C’,
the control signal-is sent to the switch 31;1thereby turning
OFF the switch 31 so that one symbol of the -variable-length

code which causes this overflow is not sent to the buffer
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gemory 18. At the same time, after the symbol immediately
pefore the one symbol of the variable~length code which
causes the overflow is read out, the read operation of the
save buffer 32 is stopped. The buffer memory 18 has a
capacity which allows the write of data of m x n bytes, and
js initialized to the data of all 0s each time when the
operation of sending data of m x n bytes to the error-
correction encoding unit 23 has been completed. The buffer
memory 18 -generally consists of a DRAM, etc., and has two
memories of m X n bytes, and is so configured that the
memory for reading and that f&r writing are selectively
switched. 1In this switching, therefore, it is preferable
that the memory assigned to the writing side after the
memory switch operation is initialized to the data of all Os
before the writing of data. These operations are equivalent

to that a state wherein a variable-length encoded data

‘extends over an m-byte boundary is detected, the variable-

length code for one symbol which causes this state is moved
to the next m bytes, and Os aré inserted into the blank
portion. Namely, data output from the encoder has a pattern
shown in Fig. 32. 1In Fig. 32, when a symbol after the
variable-length encoded data of 0001 has been code-converted
takes 3 bits or more, 2 bits of 0, i.e., 00 are inserted.

Of course, a variable-length code corresponding to the

symbol which takes 3 Bits or more is read out from the save
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puffer 32 during the generation of the next m-byte data, and
positioned at the top of the m-byte data.

In the above description, the data of all Os is
inserted into the blank portion. This requires an im-
provement in the preparation of an encoding table. That is,
an encoding table is so prepared that no symbol corre-
éponding to all Os actually exists. This will be described with
reference to Fig. 33 which shows an variable-length encoding
table for variable-length encoding the same symbols as Fig.
12. In Fig. 12, 00000 is assigned to the symbol F. By
contrast, in Fig. 33, one symbol called a dummy data is
added, and a symbol becoming all Os is assigned to this
dummy data. The premise for the fourth embodiment is to
perform the variable-length encoding on the basis of such a
variable-length encoding table. Although this special dummy
data of all Os is included in the variable-length encoding
table, it is not necessary for the dummy data to be all Os,
and a branch conversion of Fig,. 12 expressed by a binary
tree may be conducted so that a data of all 1s becomes the
dummy data. It is not necessary that all have the same
value, and any value may used as far as an arbitrary bit
from the top of a symbol to which the dummy data is assigned
never coincides with any code for another symbol and of the
same bit number. When the dummy data is all 1ls, the data of

1 may be written intoc all of m x n bytes during the above-
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mentioned initialization.

Then, t operation of tH»._. .
en, the op © > ~ocoder with respect to this

encoder will be described. oo Lo .
* Very special case such as a

special reproduction, in this coder the top of m bytes is

always the leading bit of a va able-length code, and there
P S s re-

fore in an available Cl block ‘= start of the variable-

length decoding may be set a: STy m bytes. This is

because with respect to the s ...
e P € $¥votal code at the tail portion

of the m bytes there exists n. ““rresponding symbol. Spe-

cifically, there exists no sy . corresponding to the data

of the last 2 bits of 00 in

30

+Z and it is ensured that

the top of the next m bytes is .y, of the variable-length

encoding of another symbol, au. n.,.e this 2-bit data of 00

can be abandoned. That is, thq dvcoding can be achieved by

providing a data-abandoning civyjy that recognizes the

boundary of m bytes and abanduu. (. data in which the

variable-length decoding has u. succeeded at the last time

Moreover, this data-abandoniny vircuit can be realized
> as a

circuit which generates a bit wa,y for prohibiting the

inverse conversion of an inveu... .44e converter If thi
: . is

data-abandoning circuit is no! trovided, when decoding
’

consecutive C1 blocks, a special (gup, of the preceding C1

block is not abandoned to remai,, j, the inverse code
con-

verter, and there arises a new Problem in that this dat
a

together with the leading datla ¢ Lhe next Cl block changes
es
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to the data of another symbol. When the last data of 2 bits
of 00 is not abandoned and remains to exist and the next
data is a variable~length code of 1 which corresponds, for
example, to the symbol A, the inverse code conversion on the
data of 001 is realized by .the inverse code converter, with
the result that it becomes the symbol C to cause the problem
of a changed symbol. The aforesaid decoder is an example of
a sixth embodiment described below.

(Fifth Embodiment)

Fig. 34 is a block diagram showing the configuration of
an encoder according to a fifth embodiment. In the figure,
the portions which are designated by the same numerals as
the encoders of the above-described embodiments indicate the
identical or corresponding portions.

Input data are variable-length encoded by the code
converter 16 and temporarily stored in the save buffer 32.
On the oth;r hand, the code-length detector 17 detects the
generated codé length, and the generated code length counted
by the accumulation adding in the accumulation adder 19 is
input into the comparator 30. The comparator 30 compares
the generated code length with a constant €', and sets a
resend request flag in the save buffer 32 when the generated
code length exceeds the constant C’. When the resend
request flag is input from the comparator 30, the variable-

length code is read out again from the save buffer 32 in the

40

——

This Sheet Has Been R,

LT



sequence starting with the top of the code. This will be
éescribed specifically by illustrating an example. For
example, in Fig. 32, the data positioned after that of 0001
(symbol D) is controlled to a fixed length in the m-byte
length, and therefore there remains a margin of 2 bits. If
it is assumed that the next symbol to be code-converted is
E, two bits starting from the leading bit of E, i.e., 00 at
the first two bits of the code of 00001 is put after the
symbol D of 0001. When the resend is not requested immedi-
ately after this operation, 001 at the remaining 3 bits of
the symbol E of 00001 is disposed at the top of the next Cl
block of m bytes. Since the comparator 30 detects the full
state of the Cl block caused by adding 00 of the first two
bits of the code of 00001 and sets the resend request flag,
however, the save buffer 32 operates so that the data of
00001 of the symbol E is read out again in the next Cl1 block
in the seqdence starting with the leading bit. That is, the
leading 2 bits of the symbol E are disposed at the margin
bits of the Cl block, and the leading 5 bits of the symbol E
are disposed in the next Cl block. Although the leading 2
bits duplicate in this example, it is ensured that the top
of the Cl1 block is the top of a variable~length code.
(Sixth Embodiment)

Fig. 35 is a block diagram showing the configuration of

a decoder according to a sixth embodiment. 1In Fig. 35, 34
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designates an inverse code conversion allowance judging
circuit which Jjudges on the basis of the output from the
error-correction decoding unit 29 whether or not the de-
coding is accomplished, 35 a buffer which stores the output
of the error-correction decoding unit 29, and 36 a switch
the ON/OFF operation of which is controlled by the inverse
code conversion allowance.Judging circuit 34.

Next, the operation will be described. The basic
principle of the operation is the same as that of the
decoder corresponding to the encodef in the fourth em-
bodiment, and therefore its description is omitted. The
input of Fig. 35 is a signal which is obtained by passing
data encoded in an encoder through a transmission medium.
After errors which have been caused in a transmission
channel are detected and corrected by the error-correction
decoding unit 29, the input signal of Fig. 35 is output in
the form of codes in the unit of minimum m bytes to the
inverse code conversion allowance juéging circuit 34 and
also go the buffer 35, and temporarily stored in the buffer
,35. On the other hand, the inverse code conversion allow-
ance judging circuit 34 monitors each of the leading one bit
of m-byte data and judges whether or not the variable-length
decoding (inverse code conversion} can be accomplished. If

it is judged that it can be accomplished, the switch 36 is

turned ON, and the variable-length code in which it can be
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ccompliShed is read out from the buffer 35, and the inverse
a

code converter 28 sequentially performs the variable-length
decoding on each of the symbols. Although the procedure of
Processing the tail of m bytes in the encoder of the fourth
embodiment is different from that in the encoder of the
fifth embodiment, the data may be abandoned in both the
cases, when the procedure of processing the data of m bytes
js ended while the variable-length decoding of the tail is
not accomplished. In the sixth embodiment, the switch 36
remains in the OFF state when the variable-length decoding
is not accomplished, so that a variable-length code is not
sent to the inverse code converter 28. Tﬁerefore, the sixth
embodiment operates so that, while the process of the data
of m bytes is enaed or the switch 36 is in-the OFF‘state,
all of the m-byte data are initialized and the next m-byte
data is stored. According to this, it is possible to

<

achieve the same operation as the above-described data-

abandoning circuit.

In the fourth embodiment described above, the encoding
table is prepared_with introducing improvement in its pre-
paration and a special code is inserted in a margin, and the
fifth embodiment performs the encoding without conducting
such operations and with conducting operations in the next

Cl blocks. According to the decoder of the sixth em-

bodiment, however, it is possible to perform the decoding
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uithQUt causing the problem of a changed symbol. This de-
coding requires similar operations to be conducted in not
only a trick play but also a normal transmission.

(seventh Embodiment)

Fig. 36 is a block diagram showing the configuration of
an encoder according to a seventh embodiment. 1In Fig. 36,
37 designates a switch which turns ON only when a special
data is input into the code converter 16, 39 a first buffer
memory which stores the output of the code converter 16, 40
a second buffer memory which stores data input through the
s;itch 37, and 38 a switch which switches the outputs of the
first and second buffer memories 39 and 40.

Next, the operation will be describéd. Input signals
aré variablé-length encoded by the code coﬁverter 16m and
stored in the first buffer memory 39. On the other hand,
when a special data is to be encoaed, the switch 37 is
turned ON so that the special data is stored in the second
buffer memory 40. The switch.38 is normally connected to
the upper side (the side of the first buffer memory 39),
and, when a specific position of the m x n bytes is pointed
out, is connected to the lower side (the side of the second
buffer memory 40) so that the reading out of the second
buffer memory 40 is started. The contents of a certain
fixed data length of the second buffer memory 40 are time-

division-multiplexed and then supplied to the error-
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correction encoding unit 23. Naturally, the reading out of

the second buffer memory 40 is conducted only when the

switch 38 is connected to the lower side, and during this

period the reading out of the first buffer memory 39 is

stopped. When the connection of the switch 38 is changed,

the reading out of the buffer memory 39 is started from the

address at which the reading out has been stopped, and the
reading out of the second buffer memory 40 is stopped.

Specific examples of cases in which the switch 37 is

turned ON will be described. When a video signal is to be

encoded, it is general to perform the DCT and variable-

length encode the DCT coefficient. Usually, a lower

Sequence of the DCT coefficient has a more important_

meaning, and therefore it is possible to obtain a rough

i . f in
recognition of an image using only a lower sequence I

such a case the switch 37 is operated to turn ON so as to
. send only‘%he results of encoding the lower sequence, the

data of the lower sequence becomes an image which is double-

. _ .
drawn in a time-axis multiplex state. In an extreme case,

the lower sequence may consist of a DC component only, and

it is possible to understand a scene formed by a DC_com—

ponent only, and therefore a DC component only is double-

drawn. Since, in view of a transmission capacity, it is

preferable that the amount of data to be double-drawn is as

small as prossible, the encoding may be performed only on the
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upper some bits pf the DC component. In such a case,
however, the encoder may be so configured that thg fixed
length code befo;e the code conversion is connected to the
switch 37. 1In a scan type such as the NTSC system or PAL
system, signals of the odd and even fields in one frame are
similar to each other, and therefore calculation means for
obtaining the sum of DC components in the fields may be
provided, or a calculation means for obtaining a mean value
of DC componenté of four DCT blocks en bloc¢ may be provided
and the calculation results may be stored in the second
buffer memory 40. For example, the operations of averaging
DC components of four DCT blocks_en bloc, obtaining the sum
of the fields, rounding it to 5 bits and storing it in the
secénd buffer meﬁory 40 allow basic data of an image to
exist with the code amount of about 3 % of the all data
{excluding error-correcting codes). When this data is time-
axis Multiblexed so as po be positioned in the hatched
portions of Fig. 14, it is p?ssible to obtain this basic
data with a certain constant high speed reproduction.
According to calculations, data can be arranged so that a
20-fold or less super high speed reproduction can reproduce
this data. It is not necessary that the double-drawn data
is written in all frames. Encoding results obtained from
only one of several tens of frames are stored in the second

buffer memory 40, and the switching operation of the switch
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jai; conducted in such a manner that they are gradually
iJme—axis multiplexed during the time period corresponding
Lo the several tens of frames and allows the data to be
arranged so as to be reproduced in a super high speed re-
production. Furthermore, a suitable combination of the
above-described examples such as that the encoding.is per-
formed on up to a sequence which is somewhat lower but
higher than the DC components of only one of several tens of
frames may be used.

In the description above, special reproductions are
mainly described, but it is apparent that when a non-cor-
rectable error occurs it may be used in the interpolation
wherein the error data is interpolated on the basis of the
double-drawn data. For example, a method'which empl;ys data

of the DC components may be used.

(Eighth Embodiment)

Fig. 37 is a block diagram showing the configuration of
characteristic portions of a ,decoder according to an eighth
embodiment. In Fig. 37, 41 designates an inverse DCT
circuit which pérforms the inverse DCT only on input DC
components, and 42 an overlap smoothing circuit which makes
the boundary of blocks inconspicuous.

Next, the operation will be described. This embodiment
differs from a conventional decoder in that it has a mode in

which, when it enters in an operation state such as a super
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high speed reproduction, an image is decoded only from
jouble-drawn data. The approach method slightly varies
according to the kind of data which has been double-drawn
during the encoding. For example, in a case that the DC
components only are double-drawn in the encoder of the
above-described seventh embodiment, only one data exists for
each DCT block {or for every four DCT blocks}, and therefore
the boundary of DCT blocks can be clearly detected, and the
boundary of blocks has a rectangular shape. Hence, it
rather obstructs the scene recognition of an image. A
circuit for reducing it is shown in Fig. 37. The inverse
DCT circuit 41 performs the inverse DCT only on DC com-
ponents to obtain a block-shaped image as shown in Fig.
38(A). Inh Fig. 38(A), eight blocks A-J with the block E as
the center are shown. The size of the block E coincides
with the DCT block size (usually, 8 x 8 pixels) when data of
each block'of the DCT are double-drawn, and to the 4-DCT
block size when the DC mean.value of 4 DCT blocks is
appended. After these data which produce a block-shaped
reproduction display are obtained, the overlap smoothing
circuit 42 makes the boundary of blocks inconspicuous,
thereby obtaining basic data which will be output to a TV
monitor as a super high speed reproduction display.
Hereinafter, the operation of the overlap smoothing

circuit 42 will be described. It is assumed that, for
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example, the decoded data of each of the blocks A-J in Fig.
38(A) is a block in which the block of itself is expanded to
be quadrupled in area and doubled in length, centering
around itself. This causes the nine blocks of Fig. 38(A)
which are compactly arranged, to-overlap, with the result
that the blocks overlap as shown in Fig. 38(B). A’ of Fig.
38(B) is a block which is obtained by expanding A of Fig.
38(A), and B’, C', D' and E' indicate blocks which are
obtained by expanding B, C, D and E, respéctively. The
manner of processing under such a state the value of the
hatched portion of, for example, block E {indicated by
dotted lines in Fig. 38(B)) to make the biock boundary in-
conspicuous will be illustrated. The part of the hatched
portion of Fig. 38(B) which ig in the vicinity of the center
of block E allows block E to pass as it is, and the part
which is in the vicinity of the boundary of block E reduces
by half thé data of block E, and averages them so as to be
added with the overlap portion from other blocks. Speci-
fically, block E’ is multiplied by a window function such as
a sine .function and added to the data of the overlap
portion. In this case, attention must be paid so that the
addition of the overlap portion_doés not cause the expansion
of the dynamic range. Namely, attention is paid so that the
result of the multiplication of a function having the value

equal to or less than 1 and the addition is prevented from
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pecoming 1 or more.

Furthermore, the same effect can be achieved by
performing the inverse DCT as a smoothing means other than
overlap smoothing, so as to interpolate its DCT coefficient
from the DCT coefficients of adjoining blocks such as shown
in Fig. 39(A). An example of interpolating the next higher
sequence, for example, only from DC components will be il-
lustfated below. For example, the component Cyy (shown in
Fig. 39(B)) of block E is obtained by subtracting the DC
component of block H from the DC component of block B and
by multiplying a certain coefficient P(O-), and the
component 012 by subtracting the DC component of block F
from the DC component of block D and by multiplying the
coefficient P. In view of the basis function of the DCT,
it will be understood that such an interpolation can be well
done.

(Ninth Embodiment)

Fig. 40 is a block diagram showing the configuration of
a decoder according to a ninth embodiment. Iﬁ Fig. 40, 43
designates a Cl block effectiveness judging circuit which
judges whether or not each Cl block is effective.

Then, the operation will be described. For example,
the encoder of the foregoing embodiment adds an error-
correcting code to a fixed-length data, and hence if there

is no error in the unit of an error correction block it can
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perform the variable-length decoding without changing a
éymbol. On the contrary, when the variable-length decoding
is performed after the blocking as in the case of encoding a
video signal, an EOB code always exists. Unless such a code
is decoded, DCT coefficients which are to be subjected to
the inverse DCT are not completed. When the C1 blogk effec-
tiveness judging circuit 43 detects that an error has
occurred in a Cl block, for example,.the process may fail to
reach an EOB code. 1In such a case, "0" is inserted into the
remaining sequences and the inverse DCT is performed,
thereby obtaining a reproduced image. This allows the final
block to be decoded for the time being, and moreover the
substitution of "0" prevents the higher sequences to be
decoded to abnormal data.
{Tenth Embodiment)

Fig. 41 is a block diagram showing the configuration of
a decoder ;ccording to a tenth embodiment. 1In Fig. 41, 44
designates a switch the ON/OFF operation of which is con-
trolled by the C1 block effectiveness judging circuit 43,
and 45 is a buffer which stores the output of the inverse
code converter 28.

Next, the operation will be described. The operation
of this circuit is very similar te the above-described ninth
embodiment. When the Cl block effectiveness judging circuit

43 judges that an error remaining to be changed exists in
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the succeeding Cl block and when the process fails to reach
an EOB code, the DCT coefficient of the DCT block which is
stored in the buffer 45 and lacks the EOB code is abandoned
by the OFF operation of the switch 44. As a result, it is
possible to avoid an abnormal decoding result.

The ninth and tenth embodiments are spécific examples
in which it is premised that data of m x n bytes of
variable-length codes of a video signal are continuously
reproduced. When using an encoder such as the second or
seventh embodiment in which information at a prefixed
position among data of m x n bytes is replaced with another
data, it is needless to say that such a data is not neces-.
sary to be connected to the inverse DCT circuit, that the
configuraﬁion may be done so that such a data is shut off by
the switching operation at that position.

Moreover, in the second to tenth embodiments, the
double Ree&—Solomon error correcting generally shuffles
obtained data of m x n byted to perform the error-correcting
encoding. When there exists a case of performing the error-
correction in the unit of Cl and the data is the variable-
length encoding, however, it is preferable that the data
shuffling is not conducted randomly. Furthermore, although
the above-described embodiments deal with very limited
encoding techniques, it is needless to say as mentioned

above that the error-correcting code may be another code as
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Nf'as it is to be added to data of a fixed length code,

tpat the variable-length code may be a code other than the
puffman encoding (e.g., the Fano code), and that the DCT may
pe another orthogonal transform. There arises no serious
problem'even if the shuffling is conducted so ;s not to
disturb the order of the variable-length code, e.g., in the
unit of an EOB. Information indicative of the block
position of a video signal may be time-axis multiplexed.

(Eleventh Embodiment)

Fig. 42 is a block diagram showing the configuration of
an encoder according to an eleventh embodiment. In Fig. 42,
51 and 52 designate field memories which optput an incoming
signal with being delayed by one field, 55 an adder which
adds the current input signal énd the outﬁut {a signal
delayed by one filed) of the field memory 51, 56 a sub-
tracter which calculates the difference between the current
i input signal and the output of the field memory 51, 54 a
switch which switches the output of the adder 55 and that of
the field memory 52, and 53 a DCT circuit which performs the
DCT.

Then, the operation will be described. At first, an
input signal is stored in the field memory 51 and delayed by
one field. The adder 55 obtains a sum of signals which are

different in time by one field. On the other hand, the sub-

tracter 56 obtains a difference between signals which are
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different in time by one field, and it is supplied to the
field memory 52 and read out therefrom with being delayed by
one field from the output of the adder 55. The switch 54
switches at every field the output of the adder 55 and that
of the field memory 52 so that the sum of fields and the
difference between fields are switched at every field to be
input to the DCT circuit 53. The components of the sum of
fields and the difference between fields are subjected to
the DCT process by the DCT circuit 53 and encoded.

In this way, since only the calculation between fields
in one frame only is conducted, the calculation between
frames will not be occurred, thereby facilitating the
operation of editing in the unit of one frame. Namely, when
inserting F3' and F4' after F3 in Fig. 20,.it is not
required to encode again F1 and F2.

Fig. 43 shows the configuration of a decodef which
operates in the reverse manner with respect to the above-
described encoder, and 57 is an inverse DCT circuit, 58 and
59 field memories, 61 an adder, 62 a subtracter, and 60 a
switch. The operation of this decoder is the entire inverse
of that of the above-described encoder, and therefore its

descriplion is omitted.
Hereinafter, with reference to Figs. 44 to 48, the
advantages of the encoder of the eleventh embodiment will be

described. Fig. 44 is a scan system which is most widely
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used in current TVs and is called the interlace scan. This
;ystem is configured so that one frame consists of two
parts, the odd field and the even field which are scanned
with being slightly shifted from each other. In point of
time, the transmission of the odd field is followed by that
of the even field, and therefore two fields which are of the
substantially same signals exist in one frame. Signals of
the odd field differ from those of the even field in the
following three occasions: a case in which the vertical re-
solution of an image is high; a portion wherein a dynamic
image moves; and ncise components. Since the sum of fields
is obtained in the eleventh embodiment, a portion wherein
the vertical resolution of the display is low or a portion
wherein the movement degree is small or a signal in which
noises are flattened is output as the sum of fields and
encoded. In this way, since the frequency distribution of
the sum of'fields is concentrated at a lower frequency
region, when the DCT is perférmed, the encode efficiency is
higher in many cases than that of a case in which the sum of
’ fields is not obtained. Moreover, when the image is not a
dynamic image, the difference between fields is sub-
stantially zero, resulting in that the encode efficiency is
excellent.

Next, a portion wherein a dynamic image moves will be

described referring to Figs. 45 to 48. Fig. 45(A) shows the
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states of fields which are produced by erroneously moving a
step-shaped signal in the next field. Thg state of a TV
screen displaying this is shown in Fig. 45(B). The gene-
ration of such a movement appears as indentation when finely
observing a TV screen, and this can be sensed as a movement
owing to the afterimage effect of the eye. Data of such a
signal can be expressed in figures as shown in Fig. 46.
When these are subjected as they are to the blocking in the
frame and then to the two-dimensional DCT, the result
becomes as shown in Fig. 47, and, when this is subjected as
it is to the inverse DCT, the MSE (square root of the total
sum of square errors) is 12.5. When those are subjected to
the two-dimensional DCT after obtaining the sum of fields
and the difference between fields, howevef, the figures
shown in Fig. 48 are obtained, and, when this is subjected

as it is to the inverse DCT, the MSE is 8.9, showing that

the DCT after obtaining the sum of fields and the difference

between fields provides a better S/N ratio. Moreover, when
comparing the figures of the results of the DCTs, it will be
seen that the proportion of 0 occupying in the results
obtained through the sum of fields and the difference
between fields is overwhelmingly greater. This is very
advantageous in the run-length coding, and shows that the
entropy is low and that the generated code amount in the

case of Fig. 48 is smaller. Although it appears that in
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Fig. 48 there are two 8 x 8 tables and the data amount is
increased at a glance, the generated code amount is sub-
stantially reduced by the reduced amount of the entropy
pecause the sum of fields and the difference between fields
are selectively output at every field so that the actual
number of pixels is not increased. In this way, there are
many cases in which the generated code amount is reduced
also in a moving portion, and it can say that the eleventh
embodiment is a very efficient method.

Although in the above a case in which the sum of fields
and the difference between fields are selected at every
field has been described as an example, it is needles to say
that they may be selectively output at every block or some
blocks of'the DCT. It is not necessary tﬂat the orthogonal
transform is the DCT, and another orthogonal tfansform such
as the K-L transform can achieve the same effects.

(Twelfth Eﬁbodiment)

A twelfth embodiment is an example in which the
configuration of Fig. 42 and that of Fig. 49 (a circuit for
detecting the poorness of the S/N ratio of input video
signals) are combined to control the quantization level of
the difference between fie)ds. 1In Fig. 49, 63 is a high-
pass filter (hereinafter, "HPF") which limits the band, 64
an absolute value circuit which obtains the absolute value

of an input signal, 65 a limiter which limits the amplitude,
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sﬁag accumulation adder which performs the accumulative
addition, and 67 a quantization control signal generation
circuit which outputs to the encoder of Fig. 42 a control
signal fo; controlling the quantizing bit number.

Next, the operation will be described. The circuit of
Fig. 49 detects the poorness of the S/N ratio of a video
signal and varies the quantizing bit number in the encoding
of Fig. 42. Generally, noises are low—amplitude signals,
and therefore when the quantizing bit number is }ough they
are buried in quantizing noises, whereby the increase of the
code amount caused in the encoding by noises is eliminated.
It is very effective against the increase 'of the code amount
owing to noises because when the quantizing bit number is
rough the code amount is generally décreaséd. The input of

Fig. 49 may be either of a signal of the difference between

fields and a video signal. The input signal is passed

through the HPF 63 to eliminate the effect caused by the low
frequency components and the accumulative addition is done.
Then, the absolute value ci;cuit 64 obtains the absolute
value of the input signal so that the value becomes greater
when noises have a higher level. In order to prevent a high
frequency video signal which originally has a high amplitude
from causing an erroneous detection, the signal is passed

through the limiter 65 to be subjected to the amplitude

limitation, and thereafter the accumulation adder 66
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ﬂ{;rms the calculation of accumulative addition for a

fixed period of time. The quantization control signal
generation circuit 67 refers to the calculated value of the
gccumulation adder 66, and when the calculated value becomes
equal to or greater than a predetermined value the circuit
§7 generates a control signal which makes the quantizing bit

number rough. The control signal is sent to the encoder of

Fig. 42.

In the above description, the code amount is prevented
from increasing by making rough the quantizing bit number of
the signal of the difference between fields. In addition to
such a means, however, it may be so configured that the en-
coding is done after a so-called noise reduction in which
high frequency components of the differenée between fields
are extracted and limited in amplitude and then subjected to
the subtraction with the original difference between fields.

Furthermore, when controlling the quantizing bit
number, the same effect may be achieved in the following two
cases: the quantizing bit ndmber for quantization is con-
trolled before the DCT circuit 53; and the DCT coefficient
is quantization-controlled after the DCT circuit 53.

(Thirteenth Embodiment)

As described above, in very many cases, it is advan-
tageous in the view point of encode efficiency that the

encoding is done by performing the DCT after obtaining the
59
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sum of fields and the difference between fields. When a
¢till image has a high vertical resolution or a scene change
occurs between fields, however, the abbve—mentioned encoding
is not always advantageous. The optimum state for the
encode efficiency is that the blocking for the encoding is
adaptively changed in accordance with such cases and the
blocking most suitable for each case is selected. A thir-
teenth embodiment is an encoder which realizes such
contents. Figs. 50(A) and 50(B) show the configuration of
the encoder of the thirteenth embodiment. In Fig. 50(A)
showing the configuration of an example of the thirteenth
embodiment, 68 is a field sum/difference Blocking circuit,
69 an in-frame blockiné circuit, 70 an in-field blocking
circuit, 71 a generated code amount anticipating and com-
paring unit which anticipates and compares the generated
code amount on the basis of outputs from the blocking
circuits 6§,'69 and 70, 72 a switch which switches outputs
from the blocking circuits 6?, 69 and 70, and 73 a DCT
circuit which performs the DCT. Also, in Fig. 50(B) showing
another configuration of the thirteenth embodiment, 74 is a
field sum/difference blocking circuit, 75 an in-frame
blocking circuit, 76 an in-field blocking circuit, 77 DCT
circuits which perform the DCT, 78 a generated code amount
comparing unit which compares the éenerated code amount on

the basis of outputs from the DCT circuits 77, and 72 a
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switch which switches outputs from the DCT circuits 77.

Fig. 50(A) is an embodiment in which the DCT circuit 73 is
commonly owned and the blocking state is switched by the
switch 72, and Fig. 50(B) is an embodiment in which outputs
of the DCT circuits 77 are switched by the switch 79. Both
the embodiments perform the switching operation so as to
minimize the code amount, and hence the encode efficiency is
always optimum. This switchiﬁgﬁcfiterion may be realized by
various embodiments, and in the block diagrams shown as the
generated code amount anticipating and comparing unit 71 and
the generated code amount comparing unit 78. According to
the specific embodiment, for example, in the anticipation of
the generated code amount, a case wherein an edge and a
transientlcoexist in the block may be detected, and the

combination of an HPF and LPF enables the judgment to be

done. In the generated code amount comparing unit 78, for
example, a‘method may be conducted in which an output having
the largest number of DCT coefficients having the value of 0
is selected.

Although in the above description the three states of

the blocking are switched, it is needless to say that only

two of them may be switched.
(Fourteenth Embodiment)

This fourteenth embodiment is an embodiment illust-

rating the allocation of the quantizing bit number before
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Min process after the field sum/difference for a high-
ydelity encoding/decoding. Fig. 51 shows its example. In
ig. 51 it is assumed that the value of a pixel of the odd
neld and that of the even field corresponding to it‘are 120
od 121 (since they are 8-bit data, a value of 0 to 255),
.«pectively. When the sum of fields is obtained, it is

.., and the difference between fields is 120 - 121 = -1,
:s this instance, the dynamic range of the data of the sum
RN N fields is 9 bits of 0 to 511, and the dynamic range of

| + data of the difference between fieldé is 9 bits of -253
.+ 255. Then, the sum of éields is made 8 bits by rounding
¥f (rounding) the least significant bit to become 120, and
dile the difference between fields remains to be 9 bits the
&1 is performed to encode. Supposing that no error is
®oduced in the encoding and decoding units, the output of
M decode unit is as follows: the sum of fields is 120; and
W difference between fields is -1. By adding one bit of 0
.“‘heplace subsequent to the least significant bit of the
".°ff1e1ds, a figure of 240 is obtained. As compared
i!gkthe figure of 241 at the encoding, this produces an
.“’°f 1. If this remains to continue, decoding results
*ﬁlOW fidelity are obtained.

-.I“ this case, the difference between fields is an odd

~*» and therefore it indicates that either of the odd

. 9T the even field is an odd number. Since the differ-
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ence between fields has a data of -1, moreover, it is known
éhat the data of the even.field is greater by 1. As such
data, there exists only one combination of 120 and 121. For
example, in the combination of 119 and 120, when the sum of
fields is made 8 bits, it becomes 119, and, in the com-
bination of 121 and 122, when the sum of fields is made 8
bits, it becomes 121. That is, when the sum of fields made
in 8 bits is a and the 9-bit difference between fields is b,
the data of an input signal are decoded with an ex;ellent
fidelity by performing a set of calculations such as shown
in Fig. 52.

In the above, an example in which the sum of fields is
quantized with a bit number reduced by one has been des-

cribed. In contrast with this, the difference between

fields may be quantized with a bit number reduced by one,
thereby obtaining field data which correspond one-to-one as
shown in Fig. 52. In this way, even if fhe bit number of
either of them is reduced by one, encoding results of a high
fidelity can be obtained, thereby enabling-the encoding of a
. high S/N ratio. It is needless to say that the above is not
required to use the orthogonal transform as far as the en-
coding of a high fidelity is obtained.

(Fifteenth Embodiment)

Fig. 53 is a block diagram showing the configuration of

an encoder according to a fifteenth embodiment. After the
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band-division of a video signal, the fifteenth embodiment
obtains the sum of fields and the difference between fields
to perform the encoding. The numerals 81, 82, 83 and 84 in
Fig. 53 are band-division and thinning filters which use a
QMF (orthogonal mirror filter) bunk, etc., and 85 a switch
which switches the outputs of the filters 81-84. The other
configuration is the same as the eleventh embodiment shown
in Fig. 42, and the identical portions are designated by the
same reference numerals and their description is omitted.
The LL band filter 81 extracts a low-frequency band signal
in both the horizontal and vertical, the LH band filter 82
extracts a low-frequency band signal in the horizontal and a
high-frequency band signal in the vertical, the HL band
filter 83 extracts a high-frequency band signal in the
horizontal and a low-frequency band signal in the vertical,
and the HH band filter 84 extracts a high-frequency band
signal in both the horizontal and vertical. The filters 81-
84 have the characteristic that the area caused by the
thinning operation is'canceleé in the synthesizing process,
and are very convenient to perform the band-division and
encoding.

Then, the operation will be described. A two-di-
mensional image is subjected by these filters 81-84 to the
band-division, and the sum of fields and the difference

between fields are obtained, and they are passed through the
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DCT circuit 53 to be encoded. In this instance, for
example, the use of the characteristics of the human visual
information processing can further improve the encode
efficiency without making the deterioration of the visual
sensation prominent. Namely, human eyes have a narrow
dynamic range for high frequency components, and hence
cannot detect them even when the quantization level is set
rough. Even when the high frequency components separated by
the QMF are subjected to the DCT and roughly quantized, the
employment of the above causes their deterioration to be
substantially undetectable, whereby apparent deterioration
is almost prevented from being detected. Since the decrease
of the code amount caused by the rough quantization level
can be expected, tﬁerefore, it is effectivé. Furthermore,
even when the quantization level is set fairly rough, it is
impossible to detect the deterioration of the components of
the differ;nce between fields of the high frequency com-
ponents. Namely, in the fifteenth embodiment, the com-
pronents of the difference between fields of the high
frequency components are roughly encoded using the QMF,
thereby accelerating the decrease of the code amount while
maintaining the characteristics of the visual sensation.
Industrial Applicability

As described above, according to the invention, it is

configured so that the data length generated by the
65
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variable-length encoding is counted to obtain information of
£he data length, and the information of the data length is
time-division-multiplexed with a variable-length encoded

data and then transmitted. Therefore, it has an advantage

‘that even if an error beyond the error correction capability

occurs the error does not propagate over blocks.

According to the invention, moreover, it is configured
so that data of the number of the first ignoring bits of Cl
block is-time—division-multiplexed, and therefore it has an
advantage that the data of the number of the ignoring bits
can be readily recognized in a decoding process.

According to the invention, moreover; the data of the
number of the first ignoring bits is recognized in a de-
coding process, and the decoding is performed with ignoring
a data which is not to be variable-length encoded, and
therefore it has an advantage thal the symbols can be pre-
vented fro; being changed during the decoding process.

According to the invention, moreover, in a case where
the variable-length code of one symbol is arranged so as to
extend over a Cl block, a special code is inserted into the
Cl block, and therefore it has an advantage that there is no
symbol change during the decoding process.

According to the invention, moreover, in a case where

the variable-length code of one symbol is arranged so as to

extend over a Cl block, the variable-length code -of the
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gymbol is arranged at the top of the-next Cl block so that
the code again begins from the leading bit, and therefore it
has an advantage that there is no symbol change during the
decoding process.

According to the invention, moreover, a.data which
cannot accomplish the variable-length decoding at the end of
a Cl block during the decoding process is not considered in
the variable-length decoding process of the next Cl block,
and therefore it has an advantage that the symbols can be
prevented from being changed during the decoding process.

According to the invention, moreover, a data of a high
compression ratio is again inserted during the encoding
process into a prefixed position, and therefore it has an
advantage that an important data is posifiﬁned at a location

at which the reproduction is surely done during a special

reproduction, so that only important data can be entirely
reproduced in the special reproduction.
According to the invention, moreover, a mode in which
only an important data is decoded is provided in the de-
3 coding, and therefore it has an advantage that a re-
production image of excellent quality can be obtained even
; in a super high speed reproduction.
According to the invention, moreover, in an encoding

where the orthogonal transform encoding is performed on a

video signal or the like, when it is detected the succeeding

[
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data have a non-correctable error while the process fails to
Eeach an EOB code, the data are not used and "0" is inserted
and then the decoding is performed. Therefore, it has an
advantage that the decoding can be performed without obtain-
ing abnormal decoding results.

According to the invention, moreover, in an encoding
where the orthogonal transform encoding is performed on a
video signal or the like, when it is detected the succeeding
data have a non-~correctable error while the process fails to
reach an EOB code, the data of the block are abandoned.
Therefore, it has an advantage that the decoding can be
performed without obtaining abnormal decoding results.

According to the invention, moreover, the sum of and
the difference between the odd and even fiélds of one frame
are obtained and then the encoding is performed, and there-
fore it has an advantage that it is possible to perform the
encoding w;th a higher compression ratio in most cases as
compared with a case of encoding simply one frame, and
furthermore it is easy to conduct the editing operation in
the unit of one frame.

According to the invention, moreover, when the S/N
ratio of a video signal is poor, Lhe encoding is performed
with a rough quantizing bit number of the difference between
fields in which the increase of the code amount is part-

icularly remarkable or after conducting a noise reduction,
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and therefore it has an advantage that the increase of the
;ode amount caused by a noise is prevented from occurring.

According to the invention, moreover, it is configured
so as to select one of a case in which the sum of fields and
the difference between fields are obtained and the blocking
is performed, a case in which the blocking is performed
within a field, and a case in which the blocking is
performed within a frame, and therefore it has an advantage
that the encode efficiency is always optimum.

According to the invention, moreover, either of the sum
of fields and the difference between fields is quantized
with a bit number smaller than that for the other of them by
one bit, and its s%gn and parity are judged in the decoding
process and.decoded to respective field data, and therefore
it has an advantage that it is possible to perform the de-
coding with high-fidelity.

Accoréing to thé invention, furthermore, it is con-
figured so that the band divislion and the sum of fields and
the difference between fields are used at the same time, and
the more rough quantization is performed on the higher
frequency components of the difference between fields, and
therefore it has an advantage that the compression ratio can
be improved without detecting the deterioration in the
visual sensation.

————
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is claimed is:

ihﬂf

1. An encoder which performs the blocking and the
oergonal transform on a digital video signal to variable-
Jength encode it, characterized in that said encoder com-
prises: means for counting the length of a variable-length
encoded data for every block; and means for time-division-

wltiplexing information of the data length to the variable-

length encoded data.

2. An encoder which encodes a digital data by the
variable-length encoding and the error-correction encoding,
characterized in that said encoder comprises: means for con-
verﬁing a digital data to a variable-length encoded data;
means for partitioning a data string including the variable-
length encoded data by a fixed length and adding an error-
correcting code; means for obtaining an ignoring-bit-number
data which is information of the number of bits after a
partition used in the error-correction encoding to the
initial bit of the variable—%gngth encoded data; and means

for time-axis multiplexing the obtained ignoring-bit-number

data to the variable-length encoded data.

3. A decoder which decodes a data string which has been

obtained by the encoder according to claim 2, said data

string having a variable-length encoded data and a2 ignoring-

bit-number data which is time-axis-multiplexed to the
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variable-length encoded data, characterized in that said
decoder comprises: means for detecting and correcting an
error produced in a transmission channel; means for extra-

cting the ignoring-bit-number data from the data string; and

means for inverse-converting only a portion of the data
string on the basis of the extracted ignoring-bit-number

data, to decode it.

. 4. An encoder which encodes a digital data by the
variable-length encoding and the error-correction encoding,
characterized in that said encoder comprises: means for
converting a digital data to a variable-length encoded data;
means for partitioning a data string including the variable-
length encoded data by a fixed length and adding an error-
correcting code; means for detecting whether or not a
variable-length code for one symbol of the variable-length
encoding is arranged to extend before and after a partition
used in the error-correction encoding; and means for, when a

variable-length code for one symbol is arranged to extend,

inserting a special code before the partition.

5. An encoder which encodes a digital data by the
variable-length encoding and the error-correction encoding,
characterized in that said encoder comprises: means for
converting a digital data to a variable-length encoded data;

means for partitioning a data string including the variable-
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length encoded data by a fixed length and adding an error-
éorrecting code; means for detecting whether or not a
variable-length code for one symbol of the variable-length

encoding is arranged to extend before and after a partition

used in the error-correction encoding; and means for, when a
variable—-length code for one symbol is arranged to extend,
rearranging the data string so that the initial bit of the
extending variable-length code is at the top of the next

partition.

6. A decoder which decodes a data string, the data
string including a variable-length encoded data which has
been encoded by performing the variable-length encoding and
the error-correction encoding on a digital data, charac-
terized in that said decoder comprises: means for detecting
and correcting an error produced in a transmission channel;
and means for inverse-converting a variable-length encoded
data of the data string, to e?code it, and said decoder is
configured so that, in a case where the inverse conversion
is not accomplished even when the inverse-converting process
reaches a position which corresponds to a partition used in
the error-correction encoding, the data is abandoned and the
inverse-converting process restarts in the next partition

from the top thereof.

7. An encoder which encodes a digital data by the

72
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variable-length encoding and the error-correction encoding,
characterized in that said encoder comprises: means for con-
verting a digital data to a variable-length encoded data;

means for partitioning a data string including the variable-

length encoded data by a fixed length and adding an error-
correcting code; and means for multiplexing a variable-
length encoded data which corresponds to a portion of the

digital data, to a fixed position of the data string.

8. A decoder which decodes a data 'string, the data
string including a variable-length encoded data which has
been encoded by performing the variable-length encoding and
the error-correction encoding on a digital data,
characterized in that said decoder has a mode in which only
a variable-length encoded data at a previously set position

of the data string is reverse-converted to be decoded.

9. A aecoder which decodes a data string, the data
string being variable-length encoded by performing the
blocking and the orthogonal transform on a digital data, and
the data string being partitioned by a fixed length to be
transmitted, characterized in that said decoder comprises:
detection means for detecting a state in which a succeeding
data string is disabled for use and a data indicative of the
end of a block cannot be decoded; and means for, when said

¢ detection means detects the state, inserting "0" into the
73
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; remaining data of the block and performing the inverse

" osrthogonal transform.

10. A decoder which decodes a data string, the data
'string being variable-length encoded by performing the

blocking and the o;thogonal transform on a digital data, and
the data string being partitioned by a fixed length to be
transmitted, characterized in that said decoder comprises:
detection means for detecting a state in which a succeeding
data string is disabled for use and a data indicative of the
end of a block cannot be decoded; and means for, when said
detection means detects the state, abandoning data of the

block.

11. An'enéoder which performs the hiéh—efficiency
encoding on a digital video signal by using the orthogonal
transform, characterized in that said encoder comprises:
means for ﬁerforming calculations between fields to obtain
the sum of fields and the diff?rence between fields; and
means for performing fhe orthogonal transform on the sum of
fields or the difference between fields in the unit of a

predetermined number of pixels, and the high-efficiency

encoding.

12. A decoder which decodes an encoded data obtained by

the encoder according to claim 11, characterized in that
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said.decoder comprises: means for performing the inverse
orthogonal transform on the encoded data in the unit of a
predetermined number of pixels, to obtain the sum of fields
or the difference between fields; and means for obtaining a
video signal of the original fields on the basis of the

obtained sum of fields or difference between fields.

13. An encoder which performs the high-efficiency
encoding on a digital video signal by using the orthogonal
transform, characterized in that said encoder comprises:
detection means for detecting an S/N ratio of the video
signal; means for performing calculations between fields to
obtain the sum of fields and the differenée between fields;
means for performing the orthogonal transfprm on the sum of
fields or ﬁhe difference between fields in the unit of a
predetermined number of pixels; and means for controlling a
quantization level ig accordance with an output of said de-

tection means.

14. An encoder which performs the high—efficienqy
encoding on a digit;l video signal by using the orthogonal
transform, characterized in that said encoder comprises:
means for performing calculations between fields to_obtain
the sum of fields and the difference between fields, and the
blocking for every plurality of pixels; means for performing

the blocking for every plurality of pixels in a field; means
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for performing the blocking in a frame; means for performing
the orthogonal transform on blocks; and means for switching
;rthogonal transform results of said three blocking means on
the basis of the code amount after the encoding or an anti-

cipated value thereof.

15. An encoder which performs the high-efficiency
encoding on a digital video signal by using the orthogonal
transform, characterized in that said encoder comprises:
means for performing calculations between fields to obtain
the sum of fields and the difference between fields; round
off means for making the bit number of either of the sum of
fields and the difference between fields less than the bit
number of the other of them by one bit; and means for per-
forming the high-efficiency encoding on aﬂ output of said

round off means.

16. A ,decoder characterized in comprising: decoding
means for decoding a data which has been encoded by the
encoder according to claim 15) and means for judging the
positive, negativé, odd number and even number of a decoded

data from said decoding meané, and obtaining data of fields.

17. An encoder which performs the high-efficiency en-
coding on a digital video signal by using the orthogonal
transform, characterized in that said encoder comprises:

means for performing the band division on the video signal;
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"uﬁ for performing calculations between fields to obtain

i

A

e Sum of fields and the difference between fields; and

8ns for performing the orthogonal transform on the sum of
tjelds or the difference between fields in the unit of a

ﬁaktermined number of pixels, and the high-efficiency

.;,coding .

18. An encoder which encodes a digital video signal,
.aracterized in that said encoder comprises: means for
serforming calculationé between fields on the video signal
- obtain the sum of fields and the difference between
telds; means for performing the orthogonal transform on the
nn of fields or the difference between fields in the unit
if 2 predetermined number of pixels; means for converting an
nUwgonal;transformed data to a variable-length encoded
ata; means for partitioning a data string including the
udable-lgﬁgth encoded data by a fixed length, and adding

W error-correcting code; means for obtaining an ignoring-

fit-number data which is information of the number of bits

J\Mter a partition used in the error-correction encoding to

% initial bit of the variable-length encoded data; and

Yans for time-axis multiplexing the obtained ignoring-bit-

d¥mber data to the variable-length encoded data.

19. An encoder which encodes a digital video signal,

*“3Cterized in that said encoder comprises: means for

77

F'

ShEet Has Been Replaced

T

AW



i
{
3
{
H
H
i

performing calculations between fields on the video signal
to obtain the sum of fields and the difference between

fields; means for performing the orthogonal transform on the

et i e

sum of fields or the difference between fields in the unit
of a predetermined number of pixels; means for converting an
orthogonal-transformed data to a variable-length encoded
data; means for partitioning a data string including the
variable-length encoded data by a fixed length, and adding
an error-correcting code; means for detecting whether or not
a variable-length code for one symbol of the variable-lengt
encoding is arranged to extend before and after a partition
used in the error-correction encoding; and means for, when a
variable-length code for one symbol is arranged to extend,

inserting a special code before the partition.

20. An encoder which encodes a digital video signal,
characterized in that said encoder comprises: means for
performing calculations between fields on the video signal
to obtain the sum of fields and the difference between
fields; means for performing the orthogonal transform on the
sum of fields of the difference between fields in the unit
of a predetermined number of pixels; means for converting an
orthogonal-transformed data to a variable-length encoded
data; means for partitioning a data string including the

variable-length encoded data by a fixed length, and adding
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an error-correcting code; means for detecting whether or not
a variable-length code for one symbol of the variable-length
;ncoding is arranged to extend before and after a partition
used in the error-correction encoding; and means for, when a

variable-length code for one symbol is arranged to extend,

! rearranging the data string so that the initial bit of the
extending variable-length code is at the top of the next

partition.

21. An encoder which encodes a digital video signal,
characterized in that said encoder comprises: means for
performing calculations between fields on the video signal
to obtain the sum of fields and the difference between
fields; means for performing the orthogonal transform on the
sum of fields or the difference between fields in the unit
of a predetermined number of pixels; means for converting an
orthogonal-transformed data to a variable-length encoded
data; means for partitioning a data string including the
variable-length encoded data by a fixed length, and adding
an error-correcting code; and means for multiplexing a
variable-length encoded data which corresponds to a portion

of the video signal to a fixed position of the data string.

22. An encoder which encodes a digital video signal,
characterized in that said encoder comprises: means for

performing the band division on the video signal; means for
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performing calculations between fields on the band-divided
} video signal to obtain the sum of fields and the difference
getween fields; means for performing the orthogonal trans-
form on the sum of fields or the difference between fields
in the unit of a predetermined numser of pixels; means for
converting an orthogonal-transformed data to a variable-
length encoded data; means for partitioning a data string
including the variable-length encoded data by a fixed
length, and adding an error-correcting code; means for
obtaining an ignoring-bit-number data which is information
of the number of bits after a partition used in the error-
correction encoding to the initial bit of the variable-
length encoded data; and means for time-axis multiplexing
the obtained ignoring-bit-number da}a to the variable-length

encoded data.

23. An encoder which encodes a video image signal,
characterized in that said encoder comprises: means for
performing the band division on the video signal; means for
performing calculations betweén fields on the band-divided
video signal to obtain the sum of fields and the difference
between fields; means for performing the orthogonal trans-
form on the sum of fields or the difference between fields
in the unit of a predetermined number of pixels; means for

converting an orthogonal-transformed data to a variable-

length encoded data; means for partitioning a data string
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including the variable-length encoded data by a fixed
1}ngth, and adding an error-correcting code; means for
detecting whether or not a variable-length code for one
symbol of the variable-length encoding is arranged to extend
before and after a partition used in the error-correction
encoding; and means for, when a variable-length code for one
symbol is arranged to extend, inserting a special code

before the partition.

24. An encoder which encodes a digital video signal,
characterized in that said encoder comprises: means for
performing the band division on the video signal; means for
performing calculations between fields on the band-divided
video signal to obtain the sum of fields and the differenée
between fields; means for performing the orthogonal trans-
form on the sum of fields or the difference between fields
in the unit of a predetermined number of pixels; means for
converting an orthogonal-transformed data to a variable-
length encoded data; means fér partitioning a data string
including the variable-length encoded data by a fixed
length, and adding an error-correcting code; means for
detecting whether or not a variable-~length code for one
symbol of the variable-length encoding is arranged to extend
before and after a partition used in the error-correction

encoding; and means for, when a variable-length code for
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oneé symbol is arranged to extend, rearranging the data
string so that the initial bit of the extending variable-

length code is at the top of the next partition.

25. An encoder which encodes a digital video signal,

characterized in that said encoder comprises: means for

performing the band division on the video signal; means for
performing calculations between fields on the band-divided
video signal to obtain the sum of fields and the difference
between fields; means for performing the orthogonal trans-
form on the sum of fields or the difference between fields
in the unit of a predetermined number of pixels; means for
converting an orthogonal-transformed data to a variable-
length encoded data;.means for partitioning a data string
including the variable-length encoded data by a fixed
length, and adding an error-correcting code; and means for
multiplexing a variable-length encoded data which corre-

sponds to a portion of the video signal to a fixed position

of the data string.

26. A decoder which decodes a data string, the data
string including: a variable-length encoded data which has
been encoded by performing the orthogonal transform, the
variable-length encoding and the error-correction encoding
on a digital video signal; and an ignoring-bit-number data

which is information of the number of bits after a partition
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used.in the error-correction encoding to the initial bit of
the variable-length encoded data, characterized in that said
decoder comprises: means for detecting and correcting an
error produced in a transmission channel; means for extra-
cting the ignoring-bit-number data from the data string;
means for performing the inverse-orthogonal transform on
only a portion of the data string on the basis of the extra-
cted ignoring-bit-number data, and obtaining the sum of
fields or the difference between fields; and means for
obtaining a video signal of the original fields on the

basis of the obtained sum of fields or difference between

fields.

27. A decoder which decodes a data string, the data
string including a variable-length encoded data which has
been encoded by performing the orthogonal transform and the
error-correction encoding on a digital video signal, charac-
terized in'that said decoder comprises: means for detecting
and correcting an error produced in a transmission channel;
inverse-orthogonal transform means for performing inverse-
orthogonal transform on the variable-length encoded data of
the data string to obtain the sum of fields or the differ-
ence between fields; means for controlling said inverse-
orthogonal transform means so that, in a case where the
inverse—-orthogonal transform is not accomplished even when

the inverse-orthogonal transform process reaches a position
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which corresponds to a partition used in the error-correc-
{ion encoding, the data is abandoned and the inverse-
orthogonal transform process restarts from the top of the
next partition; and means for obtaining a video signal of
the original fields on the basis of the obtained sum of

fields or difference between fields.

28. An encoder/decoder which encodes a digital video

. signal for recording it on a recording medium, and decodes

the encoded data for reproducing the original video signal
from the recording medium, characterized in that said
encoder/decoder comprises: means for converting a video
signal to a variable-length encoded data; means for par-
titioning a data string including the variable-length
encoded data by a fixed length, and adding an error-correc-—
ting code; means for obtaining an ignoring-bit-number data
which is information of the number of bits after a partition
used in the error-correction encoding to the initial bit of
the variable-length encoded data’ means for time-axis-multi-
rlexing the obtained ignoring-bit-number data to the
variable-length encoded.data; means for detecting and
correcting an error produced in a transmission channef;
means for extracting the ignoring-bit-number data from the

data string; and means for inverse-converting only a portion

of the data string on the basis of the extracted ignoring-
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mt;number data, to decode it.

29. An encoder/decoder which encodes a digital video
signal for recording it on a recording medium, and decodes
the encoded data for reproducing the original video signal
from the recording medium, characterized in that said
encoder/decoder comprises: means for converting a video
signal to a variable-length encoded data; means for
partitioning a data string including the variable-length
encoded data by a fixed length, and adding an‘error—
correcting code; means for detecting whether or not a
variable-length code for one symbol of the variable-length
encoding is arranged to extend before and aftgr a partition
used in the error-correction encoding; means for, when a
variable—length code for one symbél is arranged to extend,
inserting a special code before the partition; means for
detecting and correcting an error produced in a transmission
channel; a;d means for inverse—convérting the variable-
length encoded data of the data string to decode it, and
said encoder/decoder is configured so Lhat, in a case where
the inverse conversion is not accomplished even when the
inverse~converting process reaches a position which corre-
sponds to a partition used in the error-correction encoding,
the data is abandoned and the inverse-converting process

restarts from the top of the next partition.
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"30. An encoder/decoder which encodes a digital video
signal for recording it on a recording mediunm, and decodes
aw encoded data for reproducing the original video signal
from the recording medium, characterized in that said

encoder/decoder comprises: means for converting a video

signal to a variable-length encoded data; means for par-
titioning a data string including the variable-length
encoded data by a fixed length, and adding an error-correc-
ting code; means for delecting whether or not a variable-
length code for one symbol of the variable-~length encoding
is arranged to extend before and after a partition used in
the error-correction encoding; means for, when a variable-
length code for one symbol is arranged to extend, re-
arranging the data string so that the initial bit of the
extending.variable—length code is at the top of the next
partition; means for detecting and correcting an error
produced in a transmission channel; and means for inverse-
converting the variable-length encoded data of the data
string to decode it, and said encoder/decoder is configured
so that, in a case where the inverse conversion is not ac-
complished even when the inverse-converting process reaches
a position which corresponds to a partition used in the
error-correction encoding, the data is abandoned and the

inverse-converting process restarts from the top of the next

rartition.
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31. An encoder/decoder which encodes a digital video
signal for recording it on a recording medium, and decodes
the encoded data for reproducing the original video signal
from the recording medium, characterized in that said
encoder/decoder comprises: means for converting a video
signal to a variable-length encoded data; means for par-
titioning a data string including the variable-length
encoded data by a fixed length, and adding an error-
correcting code; me;ns for multiplexing a variable-length
encoded data which corresponds to a portion of the digital
data, to a fixed position of the data string; and means for
inverse—-converting only the variable—leng£h encoded data of

the fixed portion of the data string to decode it.
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