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decodi ng, encoded data which is recorded on a recordi ng nedi um

DESCRI PTI ON OF RELATED ART \When a video sifnal of a dynanic inage such as
a television signal is transnmtted at a low bit rate, discrete cosine
transformation (DCT) is generally used. For exanple, the DCT is enployed in
the draft recommendati on of Septenber, 1990 in MPEG (Moving Picture Experts
G oup) of the International Standards Organization (abbreviated as |SO).
The MPEG further intends to use Huffman coding, which is a kind of the

vari abl e-1 engt h encodi ng, so thatENCODER AND DECODER
FIELD 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 decoding encoded data which is recorded ona -
recording medium.

DESCRIPTION OF RELATED ART

When a video signal of a dynamic image such as a
television signal is transmitted at a low bit rate, discrete
cosine transformation (DCT) is generally used. For example,
the DCT is employed in the draft recommendation of
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 to be transmitted is compressed by a combina-
tion of the DCT and the variable-length encoding.

In this variable-length encoding method, however, when
an error occurs once, the error may propagate over blocks of
the DCT. Since error-correcting codes are generally added,
such an error will not undoubtedly occur. However, -in a
transmission channel such as in a digital VTR in which first
errors occur relatively frequently, for example, burst errors
can occur in a degree exceeding the error correction capa-
bility. In such a case, there arises a problem in that the error
propagation spreads over the blocks. An example of such a
case will be described below.

FIGS. 1(A) and 1(B) are block diagrams 1llustranng 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 transformed
coefficients 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 164 which performs the Huff-
man decoding on input data, an inverse quantizer 105 which
performs the inverse quantization on the output of the
Huffman decoding circuit 104, and an inverse DCT circuit
106-which perfonns the inverse DCT on the output of the
inverse quantizer 10S.
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transformed into codes having various code lengths as

* shown in the right side of FIG. §. 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 pcrfomung a decoding operation in
a case will be described, for example, wherein a 1-bit error
Occurs in the data of 10111010 having the run-length (length
of consecutive 0-values) of 0 and the value (the value of
non-zero) of 16, with the result that the data becomes
11111010. At first, it is assumed 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.

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 at the end 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 on 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.



2 The operation will be specifically described. It is assunmed that,
for exanple, results obtained by the bl ocking of 8x8 pixels and the
transformin the DCT circuit 101 are arranged as shown in FIG 2. The
results are subjected to the run- length encoding by scanning themin a

zi g-zag manner as shown in FIG 3. In a cas® of a specific exanple of data
showmn in FIG 4, for exanple, these data are transforned by the run-length
encoding into the data shown in the left side of FIG 5. Wen subjected to
t he Huf f man encodi ng using the Huf frman encodi ng table shown in FIG 6,
these are transforned i nlmtheddesdihgopergtivargenomilypaieEOhfitnesioasashown in
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above-descnbcd decoding operation are rearranged into an :

8x8 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 decod-

ing operation is erroneously performed also on the data of

the succeeding block. This causes an error not to be limited

to one block, resulting in an error which produces a large

“effect.

FIG. 9 shows the code configuration in an error correction
system which has been used very frequently in recent years
and which is called double Reed-Solomon. To the dataof m
bytes xn bits, at first, an error-correcting code of C,xm bytes
is added in the longitudinal direction, and then an error
correcting code of C,x(n+C,) bytes is added in the trans-
verse direction, so as to perform the double error correction.
Thereafter, the encoded data are transmitted.

FIG. 10 shows an example of a spec1ﬁc transmission. The
simplest transmission method is shown in FIG. 10 in which
codes of m+C,, bytes are transmitted in one unit and this is
repeated (n+C,,)x8 times (1 byte consists of 8 bits). In this
case, the error-correcting code of C,, bytes i$ referred to as
C1 parity, and the error-correcting code of C,, row is referred
to as C2 parity. Since a transmission is conducted in units of
one bit in a general digital transmission system, synchronous
data (hereinafter, referred to as SYNC) for performing the
synchronization for the conversion into the units of bytes,
and identify data indicative of the row number (the position
in the longitudinal direction) in FIG. 9 and their parity data
(hereinafter, these are referred to as ID data) are added to the
m+C,, bytes, and thereafter the transmission is conducted. In
order 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,)x8 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
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information on an EOB. video signal regions called the vertical blanking periods
: which are affected in a reduced degree even if damaged.
Namely, in such a VTR, use of 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
a plurality of tracks.
A method called the variable-length encoding is known as
one of the ways for efficiently transforming data having a
high level of redundancy. This is described with reference 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 subjected 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 with its generation frequency. FIG. 12 shows
an example in which generation frequencies are 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 the generation frequency of a symbol, the shorter
the code-length which is allocated to the symbol. This
causes the entire code-length to be shortened, thereby
enabling the encoding to be efficiently performed. 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. '



3 In the decodi ng operation, generally, an EOB functions as a break
poi nt of one process. If there is no information of this kind, it is judged
that the data of the succeeding block after an EOB are included in the data
of the currently processed bl ock, and the decodi ng operation is perforned
under this judgnment. Nanely, when the datas(FIG 7) decoded in the
above-descri bed decodi ng operation are rearranged into an 8x8 el enent
bl ock, they becone as shown in FIG 8, with the result that there is a
great difference between them Moreover, the bl ank portions shovvn in FIG 8
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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; the code-converted data is

stored in the buffer-memory 112 of the capacity in the unit

of one error-correction encoding unit 113; the error-correct-

ing 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 employed
as a transmission medium, the problems described below
arise.

FIG. 14 shows a locus of a head trace of a tape recorder
of the helical 'scari type in a trick play state such as the fast
forward moving state. In FIG. 14, L and R indicate the
directions of azimuth recording which has an object of
eliminating crosstalk components between adjacent tracks.
The L and R azimuths are symmetric with respect to an axis

. perpendicular 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
reproduced by the L azimuth head. In FIG. 14, the locus of
a head trace in a high speed reproduction in which the tape
velocity is eight times 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 obtained
only from the hatched portions in FIG. 14. This output is
shown in 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 C1 blocks are
included within this period, it is impossible to perform the
error correction in the C1 direction. Generally, one or more
C1 blocks are included. In such a trick play mode, despite
the sign of the double product, it is possible for the error
correction to be performed only in one direction, and the
decoding in a trick play mode also is generally performed in
the unit of C1. In this case, assuming that, for example, data
shown in FIG. 16 are recorded and that the reverse azimuth
trace is conducted so that the portion before the dotted line
cannot be decoded and the 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
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bHB)ewith the rebulting iproblem of a changed decoding
symbol appearing as data shifted to an entirely different
band. The problems of the high-efficient encoding and error

~ correction blocking involve a serious problem in a trans-

mission system of a tape medium, particularly in a trick play
mode, etc.

When video data which have been converted to digital
signals are recorded on a recordmg medium such as a tape
as they are, the data amount is enormous and generally
exceeds the limitation of the data amount recordable on the
recording medium. When a digital video signal is recorded
on a tape or the like, therefore, the video signal must be

- compressed so that the data amount does not exceed the

limitation 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 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 [EB6-
100 (Technical Report of the Institute of Electronics, Infor-
mation and Communication Engineers). A block diagram of
an encoder which performs this system is shown FIG. 18. In

FIG. 18, 124 designates a DCT circuit, 125 is an inverse

DCT circuit, 126 is a frame memory, 128 is a motion-vector
extractor, 122 is a subtracter, 127 is an adder, and 123 and
129 are switches.

Next, its operation will be described. Since a two-dimen-
sional DCT of 8x8 pixels is usually employed, it is supposed
that data which have been blocked into 8 x8 pixel blocks-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



4 FIG 11, track patterns which are oblique with respect to the tape
running direction are fornmed. This nmethod is a very effective one because
it isrelatively easy to inprove the area recording density as conpared
with the nethod in which data are recorded in parallel with the tape
running direction. As seen also fromFIG 1¥ however, it is difficult to
achieve the continuity in tinme between the tracks in the m.croscopi c sense.
In a VTR or the like for domestic use, for exanple, the portions connecting
tracks are assigned to.record the video signal regions called the vertical
bl anki ng periods which eli@acakfigidsed signs wikdhdesulsbeniatiyane saine aanaged.
Nanmely, in such a VIR thieeinpht dipsal és obtaimied and edn storddsinishealfiajnesel ect ed
so that the block size fRmdriel26.r I thidr é8e! ihoweodslahe SswitsH 1@d@djswi t hi n one
track and does not extegshri@¢Rid 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 in

which the image moves are extracted. The signal of the

_ previous frame is read out from the frame memory 126 and

is shifted by the degree of this motion. This signal and the

signal of the current frame are input into the subtracter 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 which has 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 the 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 per-
forming such an encoding process is shown in FIG. 19. The
axis of the 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
intraframes). 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, inter-
frames and intraframes are greatly different from each other
in code amount. 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 wherein 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 contrary case the track
length in the intraframes is in short. In 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



a plurality of tracks. A method called the variable-length encoding is
known as one of the ways for efficiently transform ng data having a high

| evel of redunddncy. This is described with reference to FIG 12. Ato F
shown in FIG 12, which are called synbols, indicate the states of data to
be conpressed. In the event that this encodsng is used in conbination with
the run-length encoding, the zero run-length functions as a synbol, and in
case of a gray-scale video signal, the value itself functions as a synbol.
When a video signal is subjected to the high-efficiency encoding, the
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data is shown in FIG 13performed. In an editing operation for inserting another

dynamic image after F3 of FIG. 20, if this portion is replaced

with F3 and F4 of FIG. 21, the estimations indicated by

marks “X” in FIG. 21 cannot be employed. Although F1 and

F2 are not necessarily edited, therefore, F1 and F2 must be

decoded and F1, F2, F3 and F4 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 wherein the code amount suddenly

increases.

SUMMARY OF THE INVENTION

It is an object of the invention to provide an encoder in
which, even if an error occurs in a variable-length encoded
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 transmitting data such
as a trick play mode. .

It is a further object of the invention to provide 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.



5 The encoder shown in FIG 13 has a code converter 111 which perforns
the variabl e-1ength encoding, a buffer nmenory 112 which stores the capacity
of mxn bytes shown in FIG 9, and an error-correction encoding unit 113

whi ch adds error-correcting codes of Cl parity and C2 parity. This encoder
operates as follows: a code conversion proeess is done using, for exanple,
an encodi ng table such as shown in FIG 12 in a ROMor the like; the
code-converted data is stored in the buffer-nmenory 112 of the capacity in
the unit of one error- coxnenmdenoémhmmvagnumcbuﬂ&&heﬁhahngmrofc@rrect- i ng
codes are added to th%&!&b@-’kﬂ@ﬁx tdﬁﬁe,blﬂiﬁehxﬂ@mis‘{uﬂ-ﬁﬁd ickékethe
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_ ecoding O

the ccﬂy p ormed and an
error does not propagate beyond an EOB code. Finally, 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 first ignoring bits in a C1 block and time-division-
multiplexes the information to add an error-correcting code.
Alternatively, it counts the code amount in a variable-length
encoding process, calculates the number of the first ignoring
bits in a C1 block and after adding an error-correcting code,
time—division-multiplexes the information. Since informa-
tion on the number of the ignoring bits is time-division-
mulnplexed this information on the number of the i 1gnonng
bits is available in a decoding process.

A decoder of the invention is provided with a mode in
which, on the basis of information on the number of the
ignoring bits which is time-axis-multiplexed in an encoding
process, the first couple bits of a data which are error-

- correcting decoded in the direction of C1, are not sent to a
variable-length decoding unit, and the remaining are sent to
the variable-length decoding unit. Since the variable-length

.decoding is performed with the first couple bits ignored,
symbols can be prevented from being changed during the
decoding process.

When performing the variable-length encoding so as to
extend over C1 blocks, another encoder of the invention
assigns a special data (dummy data) which does not exist in
an encoding table, to all of the remainings of the C1 blocks,
and inserts the data thereinto. Therefore, this data will 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 C1 blocks,
variable-length encoded data extending over the blocks
additionally again inserts variable-length codes, from the top
of the next C1 block. When the encoding extends over the

- next C1. block, therefore, the top of the next C1 block is
~ again the top of a new variable-length code. Hence, the
symbol change does not happen in the decoding. .

Another decoder of the invention abandons a data which
is the last one of a C1 block and on which the variable-length



of the helical scan type in a trick play state such as the fast forward
noving state. In FIG 14, L and R indicate the directions of azinmuth
recordi ng which has an object of elimnating crosstal k conponents betvieen
adj acent tracks. The L and R azinuths are symmetric with respect to an axis
ongi tudi nal directiopgof the track. Tracks of the L
oduced by the R azimuth head, and tracks of the R
oduced by the L azinmuth head. In FIG 14, the |ocus
of a head trace in a high speed reproduction in which the tape velocity is

perpendi cular to the |
azi muth cannot be repr
azi mut h cannot be repr

eight tinmes that of the nornal

azimuth of this head i
reproduced, and theref

running is shown on the tape pattern. If the

s the L azinmuth, tracks of the R azi muth cannot be

deqeding- caagotobe accomplishasy i Thereforss halata o

obt ai ned

only fromthe hatched ybich thavariabletlengthadectding fails puthei endsdfo@li n 15. As
shown in FIG 15, in ableckidusipgthe degndingiistnasconsiderediis thecvariaplesut put can
be obtai ned only duri nigngthf decadingeof tk next| €k blanke therebyp elimiatingocks are

included within this psmbals chhng'e‘d innhedecbdingt o performthe error

included. In such a tr

correction in the Cl1 di rgﬁémglne Ell'nve?nﬁﬁn%seﬁg ﬁrﬁ%l LRpks are-
ﬂaﬁ L%u:h gﬁ-‘éﬂi tsé d£ E‘c bl;ﬁ| yin

product, it is possibl

one direction, and thed

performed in the uni t
shown in FIG 16 are r
conducted so that the

Sflgnt d¥ it drick pay mode
can be ocated at a gwen position of the
object tmce, only the important data can be entirely repro-

duced in the special reproduction mode.

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 mode such as a trick play mode, a
reproduced image of excellent quality can be obtained.

- In another encoder of the invention, when succeeding data
are disabled for use and partition data of a block cannot be
variable-length decoded, “O” is inserted into other data of
the block and then the inverse orthogonal transform is
performed. Since, in a case that, although succeeding data
fall into a disable state, the process fails to reach an EOB
code, “O” is inserted into the remaining data of the block and

- then the decoding is performed, the decoding 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 aban-
doned. 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 decoding 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. Since 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 with a case of encoding simply one frame. Fur-
thermore, it is easy to conduct the editing operau0n in the
unit of one frame.

erally

it pﬁm& ﬂégame
rie é%a:éi% ei P&g



cannot be decoded and the portion after the dotted I|ne S decoded when
the decoding is performed on data after the dotted |ine using the encod| ng
table of FIG 12, there is a problemin that the original synbols
F and A are decoded by being changed to the synmbol D. Wen an image signal
i s encoded, for exanple, the video signal is subjected to the DCT transform
onto the frequency region, as showmn in FIG 3, and then'to the
vari abl e-1 engt h encodi ng by perform ng the run-1length encodi ng as shown by
the arrow. In such an encoding process, the problemof a changed synbol
appears as data shiftedé d|fferen} freguen% re |on so that_ the
resulting image is entirep de eP‘Pﬂ'@ﬁ-“s‘?furtherm)re
in the subband encodi newd H'HPQ ¢fré Wéﬁ@lmﬁpﬂs dand, canwpishthes f i ci ent
encodi ng of an audio sqvgamizauonldvelmﬁthedlﬁ:rsmwwmﬁeldsthw\meu n FIG
17(A) is passed througB/Nratiddfanidéo ignal is podrpthierenqoding ys perfordeed, wher eby
the signal is band-di visigd at eouph qamﬁﬂgab‘nsmweﬂ of Ahe. difference

between fields in which the increase of the code amount is

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 blocking
is performed within a frame, and then performs the encod-
ing. Therefore, the encoding 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. Therefore, even if either of
them is reduced by one bit, it is possible to perform the
decoding with high-fidelity.

Another encoder of the invention obtains the sum of fields
and the difference between fields after the band division, and
performs the encoding in which the more rough quantization
‘is done on the higher frequency components of the differ-
ence between fields. Therefore, the compression ratio is
improved without detecting the deterioration in the visual
sensation.

These and other objects of the present application will
become more readily apparent from the detailed description
given hereinafter. However, it should be understood that the
preferred embodiments of the invention are given by way of
illustration onl_y, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detaxled descrip-

_ tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more. fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illus-
tration only, and thus are not limitative of the present
invention and wherein:



17(B), with the resulting problemof a changed decodi ng synbol appearing as
data shifted to an entirely different band. The problens of the

hi gh-efficient encoding and error correction bl ocking involve a serious
problemin a trans- m ssion systemof a tape nedium particularly in a
trick play node, etc. When vi deo data whixgh have been converted to '
digital signals are recorded on a recordi ng nedium such as a tape as they
are, the data anount. is enornmous and generally exceeds the limtation of

t he data anount recordable on the recording nmedium Wen a digital video
signal is recorded on a tape or the like, therefore, the video si gnal nust

?e COW_I?_LGSSGd so that t ga& )'irmari(ﬂgo&g ms&k%fﬁﬂls g\(}h Elgn of the
hapﬁ ffe corrpresmgnc% ng)éb 3’(?‘1‘% ne uct ed usi nlgla
i gh-efficient encoder el ch is generally
studi ed today is the nofilGn2dsapliagram %h?%g bl@cksr n@ﬂd?ﬁrcodl ng system
descri bed in, for exarrpr.m 3§Tmﬁ éﬁﬂ@&éd&u&h@&é\lﬁgl-ﬁé%chﬁl

MOTI ON- COVPENSATI ON  C@gt igg(ﬁl I 5 ehe | Variabfo0- 100
(Techni cal Report of tl?%ﬁ tﬁﬁ El ronics, Inf or- mation and
Communi cat i on Engi neers di agram.,of an coder \/\h@&p&?rforrrs this
systemis shown FIG 18: G4 ps sdlmszwmeslagﬁm@ 125 is
an inverse DCT circuitcoefizeEnts a frane menory, 128 is a notion-vector -

extractor, 122 is a subﬂecses a diaptamsshorvifigldata whith aké dbtdifled B9 are

swi t ches. 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 pomon (an example) of a
Huffman encoding table;

FIG. 7 is a diagram showing decoded data obtained when
a 1-bit error occurs in the data of FIG. 4;

FIG. 8 is a diagram showing data obtained by decodmg :
the data of FIG. 7 to DCT coefficients;

FIG. 9 is a structural diagram of double Reed-Solomon
codes;

FIG. 10 is a diagram showing an example of a conven-
tional code configuration to be transmitted;

FIG. 11 is a diagram showing a tape pattern used in a tape
recorder of the helical scan type;
~ FIG. 12 is a diagram showing an example of a conven-

- tional variable-length encoding table;

FIG. 13 is a block diagram showing the configuration of
a conventional encoder;

FIG. 14 is a diagram showing a locus of a head trace in
a trick play state;

FIG. 15 is a diagram showing an example of a rcproduc—
tion envelopc 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 conven-
tional encoder;

FIGS. 17(A) and 17(B) are dlagrams showing the sub-
band encoding of audio data; '

FIG. 18 is a block diagram showing the configuration of

' a conventional encoder;

FIG. 19 is a diagram showing code amounts generated by
a conventional encoder;




Next, its-operation will be described. Since a two-dinmen- sional
pi xel s is usually enployed, it is supposed that data which have been
bl ocked into 8 x8 pixel blocks are sequentially input into the DCT circuit

124. \When the switch 123 is connected to the upper side,

DCT of 8x8

the input data are

subj ected to the DCT process as they are. Opzthe other hand, through the
I nverse DCT circuit 125 having the reverse :

7 characteristics, a signal which is substantially the same as the input
signal is obtained and tI;_SP, hore int hﬁ franme marmré> 126. | n this case,
however, the switch 129 i 'cg et PSP S ﬂﬂ‘%ifﬂfmé‘io& CIWEPTY fext frane,

t he svm'tch 123 i's conned®d
| eft side.

Then,

SAIRRE FeAIICHIEBIS; si de and the switch 129 to the

motion vectors of the poEj8N92tAY and 22(B) are block diagrams showing the

configuration 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 recog-
nition circuit in FIG. 22;

FIG. 25 is a block diagram showing the configuration of
an encoder which is a modification of the first embodiment;

FIG. 26 is a block diagram showing the configuration of
an encoder according to a second embodiment;

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 second embodiment;

FIG. 29 is a diagram showing a code configuration in the
encoding 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 embodiment;

FIG. 32 is a diagram showing a code configuration in the
encoding performed by the encoder of FIG. 31;

FIG. 33 is 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 according to an eighth

embodiment; .
FIGS. 38(A) and 38(B) are diagrams showing the opera-
tion of the eighth embodiment;

FIGS. 39(A) and 39(B) are diagrams illustrating another
improvement in the eighth embodiment;

FIG. 40 is a block diagram showing the configuration of
a decoder according to a ninth embodiment;

at firsFIGt B2 isiagdiagraof indieatingra probldm afea combenhat of t he

previous franme are inpufonahtncddeg noti on-vector extractor 128, and the



whi ch the i mage noves are extracted. The signal of the previous frame is
read out fromthe frane nenory-126 and is shifted by the -degree of this
nmotion. This signal and the signal of the current frane are input into the
subtracter 122 to be subjected to the subtraction, and supplied through the
switch 123 to the DCT circuit 124 in whichighe DCT process is perforned,
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
obt ai ned the reverse charHFG. ddiistiblock diaghen ishowingeth®Configuration of25 and

whi ch has been shifted dHyeédier deciiiRgab 4 Ratiembodingdm; added in the adder
127 to becone the sane a I | ' r@nme nmenory
126. In this way, by per%%%%ggghéo%%gﬁé&%?%i%ﬁhgwgér?ge process
in the direction al ong PhERadshaccording 100 ¢ -%Eile gf‘B?f&r DCT in a frarne,
the signal is very effectfl{e4] iendidekidiagram shoming the sonfigerationwft of codes
gener ated by per- forn agesodeh canresponditigy the enesdericf Kb wW2;in FIG 19. The

axis of the absci ssa of. i NG e lilﬁm d the franes
shown by broken |ines 'arg}I (%z %nr'ag Show R ﬂé‘z%“g“?‘a 129 of FIG 18
I .

| gé@e S ches
are connected to the upgﬁ@ 43¢ ! Agragysrbowing the intees)
(referred to as intrafr syructre-0he Wypamicimagear e t hose wherein the
switches 123 and 129 are H@MEied disgraheshicviagsah eRanple 6f ghar ford to as

interfranes). As shown fiRsirhhg &9 effbétl ¥ the leldVeRth aBBodifienf r ames are

greatly different fromeggp ofher, diagram showing an example of data for

illustrating an effect of the eleventh embodiment;

FIG. 48 is a diagram 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; o

FIGS. 50(A) and 50(B) are block diagrams 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 fifteenth embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Fi.fst 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 video 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 output from the buffer 4 and that from
the generated-data-length counter §. A decoder shown in



in code amount. 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
| ength of one track is fixed, and hence in a case wherein the code anount
varies greatly for each frame, there arises a great inconvenience. That is,
when the track length is allocated in accorgmnce with the code anount of
the intraframes, the track length in the interframes is in excess, and in
the contrary case the track length in the intrafranes is in short. In order
to solve this problem a method nay be proposed in which the rate of the

generation of intrafranes |s eV|ousI a, fixed Ien h is selected so
as to consist of sone t mgmﬂlﬂw ich decodes

8 of which is equal t&lpm@atarmcn[dma with thedjuafiman enpedipgniables i on of

intrafranmes), and this tidasdlengthgetognitiors eirgrie8 whicterecbgnizesthe data t hi s

nmet hod, however, when afength ffiony igsrdatd, G inveise difantiserd9ovieidh gereach

frame, there is a case E&W@'ﬁx@rﬁ%ﬂdmﬁﬂaﬁﬁn@nﬂfe&ﬁiﬁpﬂ%‘tﬁ@fmﬁﬁﬁpm Its

m d- poi nt _ 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 direc-
tion)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 guantizer 2 to be quantized. This quantizer 2
may adequately perform 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 run-
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
from 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
block of 8x8 pixels. This can be readily realized by, for
example, 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 are supplied 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- dmsxon-mulu;ﬂexed data.
Therefore, even when an error occurs in variable-length



must be rewitten. The realization of this requires nmechani- cal parts and
control circuits which are very precise and expensive. Even if these are
realized, furthernore, 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 inserging another dynam c inage
after F3 of FIG 20, if this portion is replaced wwth F3 and F4 of FIG 21,
the estimations indicated by marks "X" in FIG 21 cannot be enployed.

Al t hough F1 and F2 are not necessarily edited, therefore, F1 and F2 nust be
decoded and F1, F2, F3 and F4 are newy arranged in this sequence to be

encoded agai n. Hence, that t.hod ab e for an editi operation
in units of a frane. 8?“#@@% ‘sﬁ"l{% here may
be a case in which the tcpgegpsgnat tB W&I éﬁ}eﬁ%‘ér‘ When a
si gnal of a poor S/N ra‘tslpt9s$1 lejtq sigducey eegqs dhitem hee | i ke
occurs in the notion- vé@fm@mnmquqfats@aam@ d\fq;ndun@muﬂhenel n the
code anount suddenly i rencoderzgn EOB will never bB8URBIARY OF THE I.NVENTION |t

i's an object of the Inverm na@ﬁcggemrﬂefaﬁ@aeaaeﬂwh WOFRG, 22890 1 f - an
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error can be restrict edcﬁ%u&t
rors

i nvention to provide an _gfca
during a decoding Stcauve of?he data an searccfl e posmon 0

EOB code, and a circuit whxch monitors so that the Huﬁ'man
decoding circuit 7 does not lose an EOB code. Specifically,
it is configured as shown in FIG. 23. The data-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.
When the length of an input data agrees with the aforesaid
information indicative of the input data length, it sets a flag
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 code. Since information of

~ the data length is very much 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
recognition circuit 8 configured as shown in FIG. 24 can
conduct a double check using the actual data of an EOB
code.

Information mdlcauve of a data length may be transmitted
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, needless to say, the information
indicative of its data length may be rough information (e.g.,
the least significant bit is omitted). When rough information
only is transmitted, however, the search for an EOB code
requires a considerable penod of time: In such a case, hence,
it must be configured so that incoming data are once stored
in a buffer 11 as shown in FIG. 25.




operation in a systemof intermttently transmtting data such as a trick
pl ay node. It is a further object of the invention to provide an encoder
and decoder which facilitate the editing operation in units of a frane and
whi ch can prevent the code anDunt fronllncrea3|ng even when an i nput signal
has a poor S/N ratio. 17 9 An encoder
of the invention counts the data length of a variable-length code, and
time-division-multiplexes the information of the data length with a

vari abl e-1 ength encoded data to performthe encoding. Therefore, it is

possible to retrieve the mwg}pr{nqﬁe%ﬁomﬁggj@e;ﬁuﬁm@rd‘o‘mgadgcodl ng of
the EOB can be correctl yohe IEI ﬁ?% Sally Hefibeadaide beyond
an EOB code. Finally, e
capability occurs, the \ég%é %&%}gié% % em?\e/r% @l E%Vangab%gm her

: C
encoder of the inventio cngth L geang@ergthan ese may be used Moreover,

although the above-described embodiment employs the vari-
able-length encoding in which an EOB code is transmitted,
according to this embodiment, information of the data length
is transmitted. Thus, it becomes unnecessary to transmit an
EOB. Therefore, there is a further effect that the transmis-
sion 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 information of a generated data length and
a variabie-length encoded data, needless to say, 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
an encoder in a second embodiment. In FIG. 26, the encoder
is composed of a code converter 16 which performs the code
conversion in accordance with a predetermined 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, 2 minimum circuit (hereinafter, 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 outside, and a subtracter 21 which subtracts the
output of the MIN 20 from that of the accumulation adder
19.



in a variabl e-1ength encodi ng process, -cal cul ates the nunber of first
ignoring bits in a Cl block and tinme-division- nmultiplexes the information
to add an error-correcting code. Alternatively, it counts the code anount
in a variable-1ength encodi ng process, cal culates the nunber of the first
ignoring bits in a Cl block and after addinggan error-correcting code,
time-division-nultiplexes the information. Since informa- tion on the
nunber of the ignoring bits is tine-division- nultiplexed, this information
on the nunber of the ignoring bits is available in a decoding process. A
decoder of the invention is provi ded with a'nDde in mhich on the basis of

i nformati on on the nunb he ignorin

time-axis- rrultlplexedln %ﬁmg&% earﬁits of a
data which are error- Y&t % Yi ,’ are not
sent to a variabl e-| eniggnthg FRPVERNQN 13 AgC PHQF“&P ent to the
vari abl e-1 ength decodi nagleummch 5| méesxgaed/@hatam Hg@&thd gis
performed with the firshtorteoupitle thé highepgenenatios \ineguiency dn deimilarvent ed from
bei ng changed during tinannecasctkhe Huyffmare sode, andithen storéd imthegbuffer

vari abl e-1 engt h encodi p@nfiey 38, A® texsane times thé dods-Teplgth deeeiopd7 encoder of -
the invention assigns ;&gqhglcoggtlen ymgaém %ﬂq%sleﬁ exi st in

an encoding table, to" o d inserts

t he data thereinto. Thﬁ'%&%ﬁ' é‘ﬂ g%%{ l% dg%x@qa decodi ng
0.'As the constan o% input into the ,1sagi

system and there is n

obtained, for example, by subtracting from m bytes which is

" the addition unit of C1 parity (i.e., mx8 bits) the bit number
of the data generated by the ignoring-bit-number data gen-
eration circuit 14 (since it is usual that the code length for
one symbol of the variable-length encoding is less than 30
bits, about S bits are usually sufficient for the generation of
the ignoring-bit-number data).

PR

C=mx8-5

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 is mx8-5-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 C1 block to be time-
division-multiplexed, whereby the data list shown in FIG. 27
is obtained. In 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. When the
process is transferred to the next C1 block, the accumulation
adder 19 performs the initial operation. Its initial value may
be the value of mx8-5~C. _

Therefore, it is entirely unnecessary to restrict the circuit
for generating the ignoring-bit data to FIG. 26. Needless to
say, 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 num-
ber of a code located in the previous C1 block may be
obtained.



I n anot her encoder of the invention, when perform ng the variable-I|ength
encodi ng so as to extend over Cl blocks, variable-length encoded data
extendi ng over the bl ocks additionally again inserts variabl e-1ength codes,
fromthe top of the next Cl1 bl ock. Wien the encodi ng extends over the next
Cl bl ock, therefore, the top of the next Cioblock is again the top of a new
vari abl e-1 ength code. Hence, the synbol change does not happen in the :
decodi ng. Anot her decoder of the invention abandons a data which is the

| ast one of a Cl block and on which the variable-length

vari abl 6.1 ongth decod e LRaRenThe EE s AMeTBLRLS e fo HRTOOIMNIT ecodi n
i's not consi gered in ig:%@l%i% nghgnmg%xgs lgal?gﬁﬁggﬁggtg;g bl ock, ?

thereby elim nating 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 mxn bytes may be provided
to the error-correction encoding unit 23. For example, a
similar function can be realized by providing the buffer
memory 18 with a region for storing the ignoring-bit-
number data which is the output of the subtracter 21.
Altemnatively, this may be similarly realized by further
providing a memory for storing the ignoring-bit-number
data which is the output of the subtractor 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 18 to have a capacity of mxn bytes.

Furthermore, it is not necessary to have such ignoring-
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 indicates 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 (mx8-5) in FIG. 26, but mx8 in FIG.
28. Because an ignoring-bit-number data is possessed in
addition to the m bytes, the whole of the data of the m bytes
can be used. In FIG. 28, accordingly, C'=mx8 is satisfied.
Moreover, since the output of the subtracted 21 is added with
an error-correcting code and then time-division-multiplexed,
the requirement for once storing it into a memory 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 shown in 29.



synbol s .changed in the decodi ng. Anot her encoder of the invention inserts
particul ar inpor- tant information such as high-efficient, encoded data of
one frame anong several tens of frames, or data in which the conpression
ratio of each frame is raised, into a previously set position of a

vari abl e-1 ength encoded data. Since, in a gpecial reproduction node such as
a trick play node, inportant data can be |located at a given position of the
object trace, only the inportant data can be entirely repro- duced in the

speci al reproduction node. Anot her encoder of the invention is provided
with a node in which only particular information, at a previously set
data can be surely decodgrewshebdiess Suag) theimémeye2Simag dditiomallgn mode
such as a trick play noggre ﬁemﬁ\émmtaaﬁasmcmlﬁaﬁ 1§1H@dmhy can be
di sabl ed for use and p
decoded, "O' is mserte%ét%%ngPS
succeeding data fall i e@aHV%]XbPemE"th emay Dé’ 1Pa?" each an
EOB code, "O' is insert®@ultiplexediinto €& parimy ns;naattepmrmwemaé@npm then the
decodi ng results. | n GomstivetedeorctitcBasid of Goncarermated CodesnmdhPradsceedi ng
data are disabled for use CotdsPdEEE Tenssbtioas of Iafdrhmadisn Geony, N&

aforesaid variable-length encoding may be variable-length

codes having a mode of escaping to a fixed length.

position after .error-correcting decoding, is decoded. Since only inportant
obt ai ned. | n anot her gdggqﬂg,re std Y Uk % data are
e i nver se
ort hogonal ‘transformi st a%IbH,er
decodi ng is performed, pdseddedesiidisgloseddor fNewedlasses efuBingpy £fLodesg abnor mal
4, 1976, pages 462-468. Furthermore, needless to say, the

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. In 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 decoding unit 29 which performs the error-cor-
recting decoding 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 of the
ON/OFF operation 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 repro-
duction 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 transmission
channel, and is then output as error corrected data. In a case
that a special high speed reproduction or the like is done in



vari abl e-1 ength decoded, the data of the block are aban- doned. 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 bl ock are abandoned,
t he decoding is performed without obtaining abnormal decoding results.
Anot her encoder of the invention obtains tbg sumof and the difference
bet ween the odd and even fields of one franme, and then encodes a video
i mage signal. Since the encoding is perforned so as to close within one
frame, it is possible to performthe encoding with a higher conpression
rati o as conpared w t H tRpedeeorder, gige duisrye ¢ jo gacoderiatbe upyof t her nore,
it is easy to conduct Chdleck. thiowevepeafiari tha arrortdegregtipn dstoding ifr ane.
Anot her encoder of theddmevianhé omit déCadieck, aeoptrol sigral fof cofteolBngl rati o of a
video i mage signal andhedit igmBer dfedAa a0 be4ghored ihehevasibleengdhf f er ence
between fields. Wen tdRoding is sent from the ignoring-bit-number data recog-

nition 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, there-

fore, the switch 27 is turned OFF so that data of k+ bits are

not subjected to the inverse code conversion. Furthermore,

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 prevented from erroneously operating. 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. Thus, 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 unit 29.

In the second and third embodiments, the case of per-
forming only the variable-length encoding has been
described. Alternatively, the encoding may be a combination
of the fixed-length encoding and the variable-length encod-
ing, or use a plurality of variable-length encoding tech-
niques. 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 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
embodiment one ignoring-bit-number data is added to each
C1 block, when the error-correcting block is small in size,
one ignoring-bit-number data may be added to each mxn
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 rec-
ognizes the information, and a decode unit which performs



S/INratio of a video signal is poor, the encoding is perfornmed with a rough
quanti zing bit nunber of the difference between fields in which the
i ncrease of the code anount is particularly renmarkabl e, whereby the
i ncrease of the code anbunt caused by a noise is prevented from occurring.
Anot her encoder of the invention selects th® case in which the code anount
Is smallest, froma case in which the sumof fields and the difference
between fields are objipi pasaHferdgne dcBBiflgGinktR ftRé P d-ldns®se i n which
the bl ocking is p_erfo&%&gi )td@: e@i{.'ﬂc%iﬂg'ﬁ@%?tgﬂ% okl ﬁg,gﬁ_r}e bl ocki ng
Is performed within a &qggﬁ%g x1; Fﬂgﬁlgﬁ 32%3 L4 rg% her ef or e,
t he encodi ng ef fici enpVang 2 A NCOo er“%%Feg of the
i nvention quantizes ef 1508 bidsed in aspatisfical SR FB8Ynce between
fields with a bit nun®RGOds MY B usads andnin: another; gase R ENCERINEHSM by one
bit, and judges its sPeformed psingt§ vasiableslengdo @nerfieyUBicas samg¢ decodes to
respective field dat avaridhle-lengtle enending itdbles.t Mcherss ist fusther deadetuced by one
bit, it is possible tinfopreaftiphmiemultiplexdimay bd dénchusihg thelirifotya-  Anot her
encoder of the inventtiem obtains the sumof fields and  the difference-
between fields after the band division, and perforns the encoding in which
the nore rough quantization is don ' frequency conponents of
the differ- ence between fields. Tﬁ%@g%rﬁgfﬂa[d e&gtonpressi onratiois
i nproved without detectFI@ 31hie adsibek didppdh Ghowing the configatatansfat i on.
These and ot her obj ecifefdode Gcddh@Etd a¥Biith eaiborim¥dt. The portions
- of FIG. 31 which are designated by the same numerals as

FIG. 26 showing the second embodiment indicate the iden-

tical portions. In FIG. 31, 15 designates a special code

insertion allowance judging circuit which consists of an

accumulation adder 19 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 operation 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 tem-
porarily 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
accumulates and adds the generated code lengths and counts
the total generated code length, and the comparator 30
compares the output of the accumulation 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, thereby tuming OFF

- the switch 31 so that one symbol of the variable-length code
which causes this overflow is not sent to the buffer memory
18. At the same time, after the symibol immediately before
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 write of data of mxn bytes, and is initialized to the
data of all Os each time when the operation of sending data
of mxn 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 mxn bytes, and is




beconme nore readily apparent fromthe detail.ed description given

herei nafter. However, it should be understood that the preferred

enbodi ments of the invention are given by way of illustration only, since
vari ous changes and nodifications within the spirit and scope of the
invention will becone apparent to those skpiled in the art fromthis
det ai |l ed descrip- tion. BRI EF DESCRI PTION OF THE DRAWNGS The
present invention will becone nore fully understood fromthe detail ed
description given herei nbel ow and the acconpanyi ng draw ngs which are given
by way of illus- tration only, and thus are not limtative of the present

I nventi on and wherein: 12 Fl GS.

1(A) and 1(B) are bl osxk cclnﬁg}n‘adrﬁhsmdw mgmoary foorreading sando thast fos
conventional encoder writingarosbiectivelyrswitched.In this dwitghing, theceforey bl ocks of
t he DCT; it is preferable that the memory is 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 of a state wherein a variable-length
encoded data extending 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 are
inserted into the blank portion. Namely, data output from the
encoder has a pattern shown in FIG. 32. In 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 correspond-
ing to the symbol which takes 3 bits or more is read out from
the save buffer 32 during the generation of the next m-byte
data, and positioned at the top of the m-byte data.

. Inthe above description, the data of all Os is inserted into
- the blank portion. This requires an improvement in the
preparation of an encoding table. That is, an encoding table
is so prepared that no symbol corresponding to all Os
actually exists. This will be described with reference to FIG.
33 which shows a variable-length encoding table for vari-
able-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 a2 symbol
becoming all Os is assigned to this dummy data. The
premise for the fourth embodiment is to perform the vari-
able-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. A branch
conversion of FIG. 12 expressed by a binary tree may be
conducted so that a data of all is 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 is, the data of 1 may be written into
all of mxn bytes during the above-mentioned initialization.



FIG 3 is a diagram showi ng a sequence of a zig-zag scan for performng the
run-1ength encoding in the variable- |ength encoding; FIG 4 is a diagram
showi ng a specific exanple of DCT coefficients; FIG 5 is a diagram
showi ng data which are obtained by perform ng the run-1ength encodi ng on
FIG 4 and the Huffman encodi ng using the §lyffman encoding table of FIG 6;
FIG 6 is a diagram show ng a portion (an exanple) of a Huffnman encodi ng
t abl e; FIG 7 is a diagram showi ng decoded data obtained when a 1-bit
error occurs in the data of FIG 4; FIG 8 is a diagram show ng data
obt ai ned by decoding the data of FIG 7 to DCT coefficients; FIG 9 is a
structural diagram of db&H herepegation ohihe derpder with-respeiotq this di agr am
showi ng an exanpl e ofengodsswilinbe dessribed.clade veonInegial £aseosuchoasha
transmtted; - FIG 3pegial septhdugtion, iohiis ancasler dpeotqpaof oy hywesdsl in a tape
recorder of the hel i ahvaysctha leadimg bit df|aCraridble-tengtidcody, amdtheret ng an
exanpl e of a conven- fofednan availabsleiCl block tie stag ity virtddielength | G 13 is a
bl ock di agram showi n_meédsmnfmm séed ot eVer9 mDYERN TV s GRBdusereidgler;  FIG
14 is a di agram showiriges: fodhESp&ialicddeall the Bfepdriiof ofthétn ByRY State:

there exists no corresponding symbol. Specifically, there

exists no corresponding symbol. Specifically, there exists no

symbol corresponding to the data of the last 2 bits of 00 in

FIG. 32 and it is ensured that the top of the next m bytes is

that of the variable-length encoding of another symbol, and

hence this 2-bit data of 00 can be abandoned. That is, the

decoding can be achieved by providing a data-abandoning

circuit that recognizes the boundary of m bytes and aban-

.dons the data in which the variable-length decoding has not

succeeded at the last time. Moreover, this data-abandoning

circuit can be realized as a circuit which generates a bit mask

for prohibiting the inverse conversion of an inverse code

converter. If this data-abandoning circuit is not provided,

when decoding consecutive C1 blocks, a special data of the

preceding C1 block is not abandoned to remain in the

inverse code converter, and there arises a new problem in

that this data together with the leading data of the next C1

block changes 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 corre-

sponds, 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.



FIG 15 is a diagram showi ng an exanple of a reproduc- tion envel ope
obt ai ned when a hi gh speed reproduction is done in a tape recorder of the
hel i cal scan type; FIG 16 is a diagramindicating a problemof a conven-
ti onal encoder; FIGS. 17(A) and 17(B) are diagrans showi ng the sub- band
encodi ng of audi o dat a; FIG 18 is a bl ocgsdi agram show ng the
configuration of a conventional encoder; FIG 19 is a diagram show ng
code amounts generated by a conventional encoder;

13 FIG 20 is a diagramshowi ng estination between frames and editing
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configuration of -an enco e code-length detector 1 er7detects Lﬁ%gcnerated
code 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 C', 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 sequence
starting with the top of the code. This will be described
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 immediately after this operation,
001 at the remaining 3 bits of the symbol E of 00001 is
disposed at the top of the next C1 block of m bytes. Since
the comparator 30 detects the full state of the C1 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 C1 block in the sequence starting with the
leading bit. That is, the leading 2 bits of the symbol E are
disposed at the margin bits of the C1 block, and the leading
5 bits of the symbol E are disposed in the next C1 block.
Although the leading 2 bits duplicate in this example, it is
ensured that the top of the C1 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. In FIG. 35, 34

de51gnates an inverse code conversion allowance judging

circuit which judges, on the basis of the output, from the

error-correction decodmg unit 29, whether or not the decod-

ing is accomplished; 35 is a buffer which stores the output

of the error-correction decoding unit 29; and 36 is a switch

~ of the ON/OFF operation, which is controlled by the inverse
code conversion allowance judging circuit 34.




enbodi nent of the invention; FIG 23 is-a block diagramof a data-length
recognition circuit in FIG 22; - - FIG 24 is a block diagram of anot her
data-length recog- nition.circuit in FIG 22 FIG 25 is a block diagram
showi ng the configuration of an encoder which is a nodification of the
first enbodi nent; FIG 26 is a block diagram show ng the configuration of
an encoder accordl ng to a_second enbodi nent; FLG. 27 is a dj agram show ng
a code configuration in tm@m@m@npemmmmmgnwpm G 26;
FIG 28 is a block di agrefrthetnperatipnaische sameoss thet ofithe deegder (€918 coder
according to the second wperbdtigntmthe engider iaahe sfourdii apbadimantyang a code
configuration in the enctherefigredtsrdescriptibrbis drhitednThel émpusfof HIG. 384ds FI G
30 is a block diagram shosigngl whichcisnébtgined thyopassingadate endededaircandi ng to a
third enbodi nent; FI G eritbdérstheoughrttardndssiommedivm ngfieheros whighir at i on of
an encoder accor di ng to Kave®eeh Based 9§ h BaAsmissionichandd] arsdetectedgndm show ng
a code configuration in éd}g,cwmdm decotlitgy wic29(qhe &iput! G 31;
FIG 33 s a diagram sh u}‘rmsnssqwg@amﬁaefmﬁmfam? thefmithe four th
enbodi ment;  FIG 34 is, %}%ﬁ@m& %é}ﬁebb&é&ﬂfekﬂ&ﬁ%gbﬁﬂ of an

encoder accordi ng to a f |§mab ram

showi ng the confi gur ati Ot%m?)f tSh BheSbeh Lment;

inverse code conversion allowance Judgmg circuit 34 mom-
tors 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 accomplished is read
out from the buffer 35, and the inverse 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 is 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 accom-
plished, so that a variable-length code is not sent to the
inverse code converter 28. Therefore, the sixth embodiment
operates so that, while the process of the data of m bytes is
ended 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 opera-
tion as the above-described data-abandoning circuit.

In the fourth embodiment described above, the encoding
table is prepared with introducing improvement in its prepa-
ration and a special code is inserted in a margin. Further, the
fifth embodiment performs the encoding without conducting
such operations and with conducting operations in the next
C1 blocks. According to the decoder of the sixth embodi-
ment, however, it is possible to perform the decoding
without causing the problem of a changed symbol. This
decoding requires similar operations to be conducted in not
only a trick play mode but also during a normal transmis-
sion.

Seventh Embodiment

FIG. 36 is a block diagram showing the configuration of
an encoder according to a seventh embodiment. In FIG. 36,



FIG 36 is a block diagram show ng the configuration of an encoder
according to a seventh enbodinment; . FIG 37 is a block diagram showi ng the
configuration of characteristic portions of a decoder according to an

ei ght h enbodi nent ; FI GS. 38(A) and 38(B) are diagrans show ng the opera-
tion of the eighth enbodi nent; FIGS. 39(A) ¥hd 39(B) are di agrans

il lustrating another inprovenent in the eighth enbodinent; . FIG 40 is a
bl ock di agram showi ng the configuration of a decoder according to a ninth
enbodi nment ; 37 designates a switch which tuzns ONminly wheniasspacial ock

di agram showi ng t he confdatuizatnipob imd the dodo denvesenilli 38 at frsh buffat h
enbodi nent ; FI G 42 i membtyorhicHistyesthe shiput ofjitheloede codvegier 46j 4h of an
encoder accordi ng to an aseeysdbitfferheriorewhich stdre$Sdatd3nps thronighake di agr am
showi ng the confi gurati gwirh 37, aad 388 swixeh wit¢loswitcleestioe ditpusfeher of FI G
42;  FIG 44 is a di agrfig doycoad baffet fefiorits 3%arN40.
Next, the operation will be described. Input signals are
variable-length encoded by the code converter 16m and
stored in the first buffer memory 39. On the other hand,
when a special data is to be encoded, the switch 37 is turned
ON so0 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). However,
when a specific position of the mxa bytes is pointed out, the
switch 38 is connected to the Jower 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-
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, generally the DCT is performed and the DCT
coefficient is variable-length encoded. Usually, a lower
sequence of the DCT coefficient has a more important
meaning, and therefore it is possible to obtain a rough
recognition of an image using only a lower sequence. If in
such a case the switch 37 is operated to turn ON so as to send
only the 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 component
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
_possible, the encoding may be performed only on the upper
some bits of the DC component. In such a case, however, the
encoder may be so configured that the fixed length code
before the code conversion is connected to the switch 37. In
a scan type such as the NTSC system or PAL system, signals



FIGS. 45(A) and 45(B) are diagranms showing the inter- |ace structure of a
dynam c i mage; FIG 46 is a diagramshow ng an exanple of data for
illustrating an effect of the el eventh enbodi nent; FIG. 47 is a diagram
showi ng an exanple of data for "illustrating an effect of the el eventh
enbodi nment ; FIG 48 is a diagram show ng arzgexanple of data for
illustrating an effect of the el eventh enbodi nent; FIG 49 is a block

di agram showi ng the configuration of characteristic portions of an encoder
according to a twelfth e 5 b

di agrans show ng the confi 0 atd o and ?Vl%g%é %%@ %Smagi %q%l rteenth
embodi nent; FIG 51 is S§F 2 MEBder /
decoder according to a foff rﬁoﬁ’%ﬁ% Weﬁ%e el I@PYSQC |P§°‘& ’eW &howi ng
the cal cul ation nethod i ncalplation meass for ehtaising:ameanayrjue of DE o8+ s a

bl ock di agram showi ng t heponrents qﬁfoatDGﬁ'biOclarendﬂQ@m baprovidediand thea

ﬂi"

fifteenth enbodi nent. calculatioDESQRIsPiapNbOFstordd RRERERIMEDNd buffer
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di agram showi ng the confi %ﬁéﬁe@x& @Ffo%rbcr'pbldeﬁpeﬂlww%&ﬁmhg% Sy@nt i on.
An ‘encoder shown in of the fields, rounding it to 5 bits and storing it in the second

buffer memory 40 allow basic data of an image to exist with
the code amount of about 3% of all the data (excluding
error-correcting codes). When this data is time-axis multi-
plexed so as to be positioned in the hatched portions of FIG.
14, it is possible 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 neces-

~sary 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 38 is conducted in such a
manner that they are gradually time-axis multiplexed during
the time period corresponding to the several tens of frames
and allows the data to be arranged so as to be reproduced in
a super high speed reproduction. Furthermore, a2 suitable
combination of the above-described examples, such as that
the encoding is performed 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 descnpuon above, special reproductions are mamly
~described, but it is apparent that when a non-correctable
~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 employs 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 performs the inverse DCT only on input DC
components, and 42 an overlap srnoothmg circuit wlnch_
makes the boundary of blocks inconspicuous. -



FIG 22(A) has a DCT circuit 1 which perforns the DCT on a bl ocked vi deo
signal, a quantizer 2 which quantizes the output of the DCT circuit 1, a
Huf f man encoding circuit 3 which perfornms the Huffman encodi ng on the
out put of the quantizer 2 in accordance with the Huffman encoding table, a
buffer 4 which tenporarily stores the output 28rom the Huf f man encodi ng
circuit 3, a generated-data-length counter 5 which counts the |ength of
generated data on the basis of the output fromthe Huffrman encoding circuit
3, and a switch 6 which switches the output fromthe buffer 4 and that from
t he generated-data-length counter 5. A decoder shown in FI G
22(B) has a Huf f man decodiNextcthe apetationvwilk be desaribed. Thisuembladiment
accordance with the Huf fdiffersefroradi comvendonl decalier in than it hasreemodaiini on
circuit 8 which recogni agsich'"wheRiteertérs 3k Anfdpefationpstitedaich asansupeyer se
quantizer 9 which per- . high speed reproduction, an image is decoded only from
, double-drawn data. The approach method slightly varies

according to the kind of data which bas 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 components to obtain a block-shaped image as shown in

FIG. 38(A). In 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, 8x8 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 a2 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 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 qua-
drupled 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

~ ablock 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, respectively. 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 block boundary inconspicuous will
be illustrated. The part of the hatched portion of FIG. 38(B)



forms the inverse quantization on the output of the Huffman decodi ng
circuit 7, and an inverse DCT circuit 10 which perforns the inverse DCT on
t he out put of the inverse quantizer 9. Next, the operation of the encoder
w || be described. A video signal is blocked into (8 pixels in horizontal
direc- tion)x(8 pixels in vertical direction)3ofor exanple, and input into
the DCT circuit 1. The output of the DCT circuit 1 is input into the
guantizer 2 to be quantized. This quantizer 2 may adequately performthe
guanti zation in accordance wi.th state of . the image. Then, the quantized
data are input into the Huffman encoding circuit 3 in mhich the data are at
first scanned in a zig-zag manner as shown in FIG 3 to be run-length
encoded. The two-di nensional data of the run- length and the value are

subj ected to, the encodi ng \\ffﬂcl’{‘@ Qhewi%: ydo?d\? %@6&1882Efdl Hl
accordance with the Huff g Ta igﬁ fﬁéh V@ and
then output fromthe Huff %’1 Eaga%éﬁ 3 £ 5 oﬁ the
gener at ed- dat a- | engt h coulP k &1‘

generated in one bl ock .of 38%38 5°‘Fﬁ|‘9 "F |P9§%°fby, for

exanpl e, a configuration i nmﬂm blorksqapecifieallys bBDCBfEPF@UIG‘PhP@ byetle i nto
a tabl e using a ROM or t hevindee fun¢tion-sichnasna sincoliinagomand tadded to phe
operation of the generat edatarofithe ®ieriap pottidrm Iarthiss¢ase] ateerpionsmystpbe f or ned,
and it is accunulated to baidgsesat theeadditidoe bf 4heroverlap poftdd does et store
data. To the switch 6 arecauyithé 8ehahsidalof e dyasae eshgdaNanaly attention
. is paid 50 that the result of the multiplication of a function
having the value equal to or less than 1 and the addition is
prevented from becoming 1 or more.

- Furthermore, the same effect can be achieved by perform-
ing the inverse DCT as a smoothing means other than
overlap smoothing, so as to interpolate its DCT coefficient
from the DCT coefiicients 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
illustrated below. For example, the component C,, (shown
in FIG. 39(B)) of block E is obtained by subtracting 1

component of block H from the DC component of b

and by multplying a certain coefficient p . a

component C,, by subtracting the DC component of bloek
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.



I nformation indicative of its generated data | ength. When, at the first
of the block, the switch 6 selects information indicative of the generated
data length and then a variable-l1ength encoded data, for exanple, the
receiving side (the side of the decoder) can know at first the data | ength
of the block anong the tine-division-nultipl&ed data. Therefore, even when .
an error occurs in variable-length 16
encoded data and an EOB code is lost, since it is sure that the EOB code
exists at the last portion of the data length, it is possible to deduce the
position of the EOB code fromthe information indicative of its data '
| ength. Nanely, in such an encoder, an EOB will never be | ost. Next, the
operation of the decoder shown in FIG 22 i Il _be described. The
data-length recognition circuit 8 is a1\?“‘&"E%"n\i\;lod“m""net
FIG. 40 is a block diagram showing the configuration of

a decoder according to a ninth embodiment. In FIG. 40, 43

designates a C1 block effectiveness judging circuit which

judges whether or not each C1 block is effective.

Then, the operation will be described. For example, the
encoder of the foregoing embodiment adds an errorcorrect-
ing code to a fixed-length data, and hence if there is no error
in the unit of an error correction block it can perform the
variable-length decoding without changing a symbol. On the
contrary, when the variable-length decoding is performed
after the biocking 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 block effectiveness
judging circuit 43 detects that an error has occurred in a C1

“ block, for example, the process may fail to reach an EOB
code. In such a case, “O” 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 “O” prevents the higher sequences to be decoded to
abnormal data. .

Tenth Embodiment

FIG. 41 is a block diagram showing the configuration of
a decoder according to a tenth embodiment. In FIG. 41, 44
designates a switch, the ON/OFF operation of which is
controlled 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 to the above-described ninth
embodiment. When the C1 block effectiveness judging
circuit 43 judges that an error remaining to be changed exists
_in the succeeding C1 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



circuit which recogni zes the above-nmentioned information indicative of the
data |l ength and search the position of the EOB code, and a circuit which
nonitors so that the Huf frman decoding circuit 7 does not ‘| ose an EOB code.
Specifically, it is configured as shown in FIG 23. The data-length
recognition circuit 8 has a counter 12 which 3dunts the length of an input
data, and a RAM 13 which stores incomng information of the aforesaid input
data | ength. Wien the length of an input data agrees with the aforesaid

i nformation indicative of the- input data length, it sets a flag which
interrupts the Huffman dec has_not been :
According to this-flag, n@apﬁg ﬁyc}bgmgypg{apgm%’feé}l c%l‘ﬁ“?'h?‘g %f g the
Huf f man decodi ng process. resthbpsdgqssm;e fQeaveid angbnermal n to a
smal | er degree, a process rrélShehﬁnnhealnﬂmcnmémbodidwmhmtehpedﬁc@damgleséﬂer sely
proceeds from an EOB code.wlschGe i$ Dr&hised ithit @dta toTemstativytes bftvariablevery
much shorter than a vari abkg :h%a&bofiawmeots aifécdn'tﬁxhbﬁsl Qéﬁrbbhéddty t hat

an error occurs in the inf
data-l ength recognition ci aﬁé eﬁ | n é(g&
conduct a doubl e check usjﬁyﬁﬁg’ ﬂgﬁa{*l%é;%qgf t ) sﬁﬁgﬁmatlon
i ndi cative of a data |engt tﬁg(fep%cgjwtk@am &P g in a
vari abl e | ength. Wen the °P$ dn sy what seeh @odalai is BYIHREsESFATY eloy be
det ernmi ned, the data- | engRomneesedimthe mne@enﬁrmméathatstbarcenﬁmnp@su tion
of the EOB code. Theref oremaynbedbessothatsagh a gdata is siwrofbiby tire sw1tch1no
operation at that position.

Moreover, in the second to tenth embodiments, the double
Reed-Solomon error correcting generally shuffles obtained
data of mxn bytes to perform the error-correcting encoding.
When there exists a case of performing the error-correction
in the unit of C1 and the data is the variable-length encoding,
however, it is preferable that the data shuffling is not
conducted randomly. Furthermore, although the above-de-
scribed embodiments deal with very limited encoding tech-
niques, it is needless to say as mentioned above that the
error-correcting code may be another code as far as it is to
be added to data of a fixed length code, that the variable-
length code may be a code other than the Huffman encoding
(e.g., the Fano code), and that the DCT may be another
orthogonal transform. There arises no serious problem even
if the shuffling is conducted so as 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 output an
incoming signal being delayed by one field, 55 an adder
which adds the current input signal and the output (a signal
delayed by one field) of the field memory 51, 56 a subtractor
which calculates the difference between the current 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.



I ndicative of its data |length may be rough information (e.g., the | east
significant bit is omtted). When rough information only is transmtted,
however, the search-for an EOB.code requires a considerable period of tine.
In such a case, hence, it nust be configured so that incom ng data are once
stored in a buffer 11 as shown.in FIG 25. 33

17 Al t hough, in the above enbodi ment, as the block trans- form

encodi ng the DCT has been specifically descri bed, and as the

vari abl e-1 engt h encodi ng thihHuffmn encodi @ bﬁeq gﬁ}crl bed, any block =

transf orm encodi ng. and var i aBfh-1¢ OR§ W“@n‘ﬁ HESBPWay be
used. Moreover, although signak) E@&Qtedéﬂéhq @msm ﬁf’ §Yt?ﬂ9 vari -
abl e-1 engt h encodi ng i n wiiekh Ehe sdiercS5obtaing @asumi of: s i B¢ to this

enbodi nent, infornation otliffdrentdixt airherigyt fonies fieldarfmithe emherThamd the becones
unnecessary to transmt agubtracter 56 obtains a difference between signals which are
different in time by one field, and it is supplied to the field
memory 52 and read out therefrom, 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 occur, 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 decoder 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
description is omitted.
Hereinafter, with reference to FIGS. 44 1o 48, the advan-
tages of the encoder of the eleventh embodiment will be
‘described. FIG. 44 is a scan system which is most widely
used in current TVs and is called an interlace scan system.
This system is configured so that one frame consists of two
parts, the odd field and the even field which are scanned
while 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 sub-
stantially 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 resolution of an image
is high; a portion wherein a dynamic image moves; and
noise components. Since the sum of fields is obtained in the
eleventh embodiment, a portion wherein the vertical reso-
- Jution of the display is low or a portion wherein the
movement degree is small or a signal in which noises are
fiattened 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



ECB. Therefore, there is a further effect that the transm s- sion of an EOB
can be omtted. Al though the enbodi nent of FIG 22 uses the switch 6 in
order to divide in tinme and serially rmultiplex informati on of a generated
data Il ength and a-variabie-length encoded data, needl ess to say,

I nformation of a data |ength may be witten &4 a certain fixed address of a
buffer 4 and serially read out. Second Enbodi nent

FIG 26 is a block diagram shovm ng the configuration of an “encoder in a
second enbodinent. In FIG 26, the encoder is conposed of a code converter

16 which perfornms the codgeg &I,%h@@m.dﬂufgcéﬁﬁﬁa $s Hghbr fn RizH Q:raggsm ned

encodi ng table, a code-| e g@a inlwhith! b?ﬁkﬁlstl@ﬁ ngt h of
a generated variabl e-1 eng a&lg inta estores
the output of the code cogye : E%rﬁ%“%s neration
circuit 14 which generat eé . xmdfgg the™asi's of the

)

out put of the code-Ilength or SWM 22 Wm ch svm t ches .t he
out put of the buffer nmenoryN&%h ammw%sm‘ F‘EE;J moves Wil begat a
generation circuit 14, an@eﬁ‘}ﬁbé‘ili’%fﬁmﬂgdpr@% 48 R AB G AN shows thei ch adds
an error-correcting code Staesiof fislds,whichrare jpeoduged dy grponepysly moving
i gnori ng- bi t- nunber dat a yestep-shaped signal intthe sext field+Eheostatehof@acTWul at i on
adder 19 whi ch accunul at escre¢redisplaying thisis showncinddG. A5(B) Tiet gerieea- 17, a
mi ni mum ci rcuit (herei naf ties of rsttkra sdveMmens appears as an 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. Further, when this is sub-
jected 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, however, the
figures shown in FIG. 48 are obtained. Further, 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 advamageous 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 FIG.
48 there are two 8x8 tables and the data amount is increased
. at a glance, the generated code amount is substantially
reduced by the reduced amount of the entropy because the
sum of fields and the difference between fields are selec-
tively output at every field. Thus, 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 movmg'
portion, and it can be said that the eleventh embodunent is
a very effictent method.
Although in the above case in which the sum of fields and
the differehce between fields are selected at every field has



"M N') 20 which outputs the smaller one of the output of the accunul ation
adder 19 and a constant C which is input fromthe outside, and a subtracter
21 which subtracts the. output of the M N 20 fromthat of the accunul ation
adder 19.- 18 Then, the operation
wi || be descri bed. Input data are variabl e-1 gggth encoded by t he code
converter 16 perform ing the code conversion in accordance with an
encodi ng table which is so de5|gned that the code Iength becones shorter

wi th the higher generati nfr y in a simlar er a t he frra
code, and then stored in » Y

code- 1 ength detector 17 o‘%&ﬁ&' %pgoﬂé:ggng"ﬁ% °6Pt g

vari abl e-1 engt h encodi ng, wrther; &8 OOt nggessary gonabe added

by the accumul ati on addertransf brthe AC T sinesothgr oth 1’80“31 transforms
such as the K-L transform can achieve the same effects.

Twelfth Embodxment

A twelfth embodiment is an example in which the con-
figuration 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 differ-

~ence between fields. In FIG. 19, 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, 66 an
accumulation adder which performs the accumulative addi-
tion, and 67 a quantization control signal generation circuit
which outputs to the encoder of FIG. 42 a control signal for
controlling the quantizing bit number.

Next, the operation will be described. The circuit of FIG.
49detectsthepoomessoftheS/Nrauoofav1deo signal and
varies the quannzmg bit number in the encoding of FIG. 42.
Generally, noises are low-amplitude signals, and therefore

: whenthequanuzmgbxtnumber:sroughthey are buried in .
quannzmg noises, whereby the increase of the code amount
caused in the cncodmg 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 decreased. 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"frequcncy
components and the accumulative addition is done. Then,
the absolute value circuit 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 htgh ‘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 performs the calcula-
tion of accumulative addition for a fixed period of time. The
quantization control signal generation circuit 67 refers to the

- calculated value of the accumulation adder 66, and when the
calculated value becomes equal to or greater than a prede-
termined -value, the circuit 67 generates a control signal
which makes the quantizing bit number rough. The control
signal is sent to the encoder of FIG. 42.-.



20. As the constant Cinput into the MN 20, is a given val ue obtained, for
exanpl e, by subtracting frommbytes which is the addition unit of Cl
parity (i.e., nk8 bits) the bit nunber of the data generated by the

I gnori ng-bit-nunber data gen- eration circuit 14 (since it is usual that .
the code | ength for one synbol of the varialdé-length encoding is |ess than
30 bits, about 5 bits are usually sufficient for the generation of the

i gnori ng-bit-nunber data). C=nxg-5 When the value of the
accunul ati on adder 19 is greater than this value of C, the output of the

M N 20 selects C. Then, theﬁ%@ ‘q{) t{h@c oﬁ&tﬁx e,gedand
nanely it beconmes equal t t he
next Cl1 bl ock. This val ue brst 5
bits of the next CL bl ockqféb‘bé" PR E %g‘ﬁ the
njp w. buffer

data |ist shown in FIG 28ufh %@Pﬂi‘%é@?wq"ﬁ‘-t‘ﬁlﬁayc S °

switch 22 selects the i gnencedingiis daneBier g s0-gall ed\BOise

memory 18 is control |l ed sdiglsfrequency dompanentsafshe diffesencerhetyyeen felds <
transferred to the next Clhrbemeicted and Kmitedhih amiplitudedanst theo spbjeciediie t he
initial operation. Its inithé ghbtrattion whl theotipinal differemde bot@en dields.
Therefore, it is entirely U@éﬁ?‘ &rey]:g {6k thd’ ﬁnh fnber,
generating the ignoring- b| gﬁg% Bé%?? gufli?o

cal culation in which the nzmg bit num or quantization is controlled

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 advama—
geous in the view point of encoding efficiency that the
encoding is done by performing the DCT after obtaining the

sum of fields and the difference between fields. When a still
image has a high vertical resolution or a scene change occurs
between fields, however, the above-mentioned encoding is
not always advantageous. The optimum state for the encod-
ing 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 thirteenth
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) show-
ing the configuration of an example of the thirteenth
~embodiment, 68 is a field sum/difference blocking circuit, 69
is an in-frame blocking circuit, 70 is an in-field blocking
circuit, 71 is a generated code amount anticipating and
comparing unit which anticipates and compares the gener-
ated code amount on the basis of outputs from the blocking
circuits 68, 69 and 70, 72 a switch which switches outputs
from the blocking circuits 68, 69 and 70, and 73 a DCT
circuit which performs the DCT. Also, in FIG. 50(B) show-
~ ing another configuration of the thirteenth embodiment, 74
is a field sum/diﬁ'_erence blocking circuit, 75 is an in-frame
blocking circuit, 76 is an in-field blocking circuit, 77 are
DCT circuits which perform the DCT, 78 is a generated code
amount comparing unit which compares the generated code
amount on the basis of outputs from the DCT circuits 77, and
72 a switch which switches outlets from the DCT circuits 77.
FIG. 50(A) is an embodiment in which the DCT circuit 73



Is divided by Cto obtain the remai nder may be used. Furthernore, as the
i gnoring-bit-nunber data, the bit num ber of a code located-in the
previous Cl bl ock may be obtained. - 19
Moreover, the above is also applicable to the provi sion of the buffer
menory 18 and the presence of the switch 22.37f the above-nenti oned
operation only is to be done, the m ninmum of operation can be done with the
buffer nenory 18 of m bytes. The data accunul ation function for adding an
error-correcting code to data of nxn bytes nay be provided to the
error-correction encoding unit 23. For exanple, a simlar function can be
realized by providing the buffer nemory 18 with a region for storing the
i gnori ng-bi t- number dat a isvicommoandy towned and thedilocking stase isswitched by
Alternatively, this may bahsiswitch/?2y anéFIGz S0(B)yisfan embodimentiidiwhjch nmenory
for storing the ignoring- utputsiePde 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 encoding

efficiency is always optimum. This switching criterion 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 transient coexist 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, needless to say, only two of them :
may be switched. .

Fourteenth Embodiment

This fourteenth embodiment is an embodiment illustrat-

- ing the allocation of the quantizing bit number before the
DCT process after the field sum/difference for a high-fidelity
encoding/decoding. FIG. 51 shows its example. In FIG. 51,
it is assumed that the value of a pixel of the odd field and that -
of the even field corresponding to it are 120 and 121 (since
they are 8-bit data, a value of 0 to 255), respectively. When
the sum of fields is obtained, it is 241, and the difference
between fields is 120—-121=-1. In this instance, the dynamic
range of the data of the sum of fields is 9 bits of 0 to 511,
and the dynamic range of the data of the difference between
fields is 9 bits of 255 to 255. Then, the sum of fields is made
8 bits by rounding off (rounding) the least significant bit to
become 120, and while the difference between fields remains
to be 9 bits the DCT is performed to encode. Supposing that

- no error is produced in the encoding and decoding units, the
output of thc decode unit is as follows: the sum of fields is



data which is the output of the subtractor 21 and by controlling the read
out of the buffer menory 18. In a case of adopting such a configuration, it
is convenient for the buffer menory 18 to have a capacity of nxn bytes.
Furthernore, it is not necessary to have such ignoring- bit-nunber data in
the formof a data in the mbytes, but it ne38 be possible to have such a
data in the ID data area in FIG 29. The configuration of an encoder for
time-axis nultiplexing an ignoring-bit-nunber data in this way in addition
to mbyte data is shown in FIG 28 in which 24 indicates a swtch and 25

I ndi cates a nenory. Next, the operation wll be described. Since the
operation is fundanentally the sane as that of FIG 26, only the different
portions wll be described. The value of-the one input of the MN 20 is

(mx8-5) in FIG 26, but OI n A: % . eﬁg‘%{} sglgo éﬁ
% #

I s possessed in addition EP@
byt gs can be used. In FI G %065 a§ ?l c@ﬁ lfVB eover
since the output of the s the sumy O ng
code and then tine-divisi dHththedi %9 ‘F&; ﬁPr B%E“Qi'orl ng
it into a nemory is incre®fdd Ifﬁu&mmmsyoggnmmeadméén&m%ﬂtsm%l%rpose
and configured so that thdidelity afe gbtaipad switch data stored in the nmenory
25 and the output of the er mrmpsoas@ctthgrulﬂ'gﬁggé Hatwedd fiefds Hp\gﬁvgdd when
the switch 24 is connected, Nad eﬂe it ihiRa Alfiedd OP its
out put (read out) operati (w thﬁgé@noﬁgl@% r 844 &b%&'rg*ﬂbéaﬁbcﬁ ggt i ons
n between fields has a data of ~1, moreover, it is known that

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 combination 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 excellent fidelity by per-

~ forming 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
described. 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 the 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. Needless to say, the above is not required to use the
orthogonal transform as far as the encodmg of ahigh ﬁdehty
is obtained.



this manner have a structure shown in 29.

20 Further, needl ess to say, .the nmenory 25 may addltlonally store the
original 1D 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-nunber 3®ata is nmultiplexed to the ID
data. Alternatively, a nethod may be enployed in which it is multiplexed
into Cl parity using a technique such as super- posed codes disclosed in
"New Cl asses of Binary Codes Constructed on the Basis of Concatenated Codes
and Prod- uct Codes,"™ | EEE Transactions on Information Theory, No. 4, 1976,
pages 462-468. Furthernore, needless to say, the aforesaid variable-length

encodi ng may be vari abl e-1ength codespmémm,meﬂf escaping to a fixed
| engt h.

FIG. 53 is a block diagram showing the configuration of
an encoder according to a fifteenth embodiment. After the
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 canceled in the synthesizing process, and are very con-
venient to perform the band-division and encoding.

Then, the operation will be described. A two-dimensional
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 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 encoding 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.



Third Enbodi nent FIG 30 is a block diagram showi ng the configuration of
a decoder of a third enbodi nent used in the decodi ng of encoded data which
have been encoded, for exanple, by the encoder of FIG 26 and passed
through a transm ssion nedi um such as a tape. In a transm ssion system such
as a tape nedium there may exi st a product f&0¥ reproduction only, and
therefore there may exist "also a product using a decoder. The decoder shown
in FIG 30 has an error- correction decoding unit 29 which perforns the
error-cor- recting decoding an ignoring-bit-nunber data recognition circuit

26 which fetches an ignoring-bjt-nu r dat a at aflxed 05| romdata
of mbytes, a switch %%&,hﬁﬁ‘éﬁggﬁﬂ {BF% by a
control signal fromthe i ubjected, @F %Yt? Pt 26,
and an inverse code convé@ElPYfl’sm/\ﬁf@PF pbovycoFaises the nversi on
on the output of the swi tsshstamtially wnsetectable, svherehy wpamn dfﬁé“%@@ﬂl bed. A
signal (a repro- duction malxpmwvmt&dfmmd:euigdcwapd. Sipcothedecredsech has
passed through a transm sfithe codel amount caused dytthe rough jeantizatondevelect i on
in the error-correction GRadeiexpestdd théffdre, ity éffsttive/Fathiermotgused by a
poor S/Nratio of a transgh&siheyuabidsifin lﬁepxs's%tmg rougR Ut iPfm@ds- Of
corrected data. In a casg;iiBah dediht HerdtidzhiciP8Eh HSﬂthQﬂ’ de the
like i's done in difference between fields of the high frequency components.
: Namely, in the fifieenth embodiment, the components 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 variable-
length encoding is counted to obtain information of the 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 C1 block
is time-division-multiplexed, and therefore it has an advan-
tage 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 decoding
process, and the decoding is performed with ignoring a data
which is not to be variable-length encoded. It therefore has
an advantage that the symbols can be prevented from being
changed during the decodmg 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 C1 block, a special code is inserted into the C1
block. Therefore, it has an advantage that there is no symbol
change during the decoding process.



21 a tape recorder, etc., it is preferable to decode in the unit of Cl
bl ock. However, after the error correction decoding is done in the unit of
Cl bl ock, a control signal for controlling the bit nunber of data to be
ignored in the variable-length decoding is sent fromthe

i gnoring-bit-nunmber data recog- nition circui4l26 to the switch 27, thereby
controlling the input of the inverse code converter 28. The ignoring-bit-
nunber data are 5 bits in the description of the second enbodi nent. Wen
the ignoring-bit-nunber is k bits, there- fore, the switch 27 is turned OFF

so that data of k+ bits ar eﬁnﬁu dntlﬁlmggac&ggwggﬂvtﬁém on.

Furthernore, the inverse c

decodi ng operation after t el | é ¥ e code
converter 28 can performt?‘f@e‘%@ lﬂ@ ? 5( dﬁaiﬁ
sufficient for a flag of be set
for k+5 bits. In this casecods\asain 3&‘%% QW
decoder is prevented fromadmme@batyh@pésaesmboh@l@@ggdwgngéhq @d'
configuration, for exanpl eingPprbtass. after the dotted line in
According to the invention, moreover, a data which

cannot accomplish the variable-length decoding at the end of

a C1 block during the decoding process is not considered in

the variable-length decoding process of the next C1 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 positioned at a location
at which the reproduction is surely done during a special
reproduction. Thus, 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 decod-
ing. It therefore has an advantage that a reproduction 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
data have a non-correctable error while the process fails to
reach an EOB code, the data are not used and “O” is inserted
and then the decoding is performed. Therefore, it has an
advantage that the decoding can be performed without
obtaining 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 fields of one frame are
obtained and then the encoding is performed. It therefore has
an advantage that it is posslble to perform the encoding with
a higher compression ratio in most cases as compared with
a case of encoding simply one frame. Furthermore, it is easy
to conduct the editing operation in the unit of one frame.




FIG 16 are not variable-length decoded, and the fourth and succeeding bits
are correctly decoded. Thus, the problem of changed synbols 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- nunber data
recognition circuit 26 nay be a signal taken4from a position before the
error-correction decoding unit 29. In the second and third enbodi nents,
the case of per- formng only the variabl e-length encodi ng has been
described. Alternatively, the encoding may be a conbination of the
fixed-length encoding and the variable-1ength encod- ing, or use a
plurality of variable-length encoding tech- niques. Although double

Reed- Sol onon codes have been described as the error-correcting_codes, any
error-correcting code for Acgerdingtedthe invengon moresves hen the, Tatip not
variable in the unit of lofacidemsighal isgoor, the enoading lisperformed withdd ess to
say that encodi ngs such ssughduantieing bicmeanaber ofithe difievence betweendfields he
TORELI'S encoding in whi CthcEm@thofiwwfahﬁmnﬂme e may be
used. Al though in the e%&ww dﬁaqamﬁdded to

each Cl bl ock, when the gf %{, @M' b;;frgf pe
I gnori.ng-bit- nunber dat a a case that a
plurality of variableleﬁgﬁ%d com&é nlques |nc gflxed | engt h’
encodi ng t echni ques) are uAeeOrdf rlébF gandigurebs®ncoder
perforns the encoding wi ahta mgmegrfcar Mh:mmceaunnefﬁeldaandm@r mat i on
i ndi cative of the techni dlﬁemd]hetWen(ﬁalds 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. It therefore 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 sign and parity are judged in the decoding process

and decoded to respective field data. Therefore, it has an

advantage that it is possible to perform the decoding with

high-fidelity. '

According to the invention, furthermore, it is configured

so that the band division 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 fre-

quency components of the difference between fields. It

therefore has an advantage that the compressxon ratio can be

xmproved without detzctmg the deterioration in the visual

sensation.

The invention being thus described, it will be obvious that
the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope
of the invention, and all such modifications as would be
obvious to one skilled in the art are intended to be included
within the scope of the following claims.



ogni zes the information, and a decode unit which perforns
22 the variable-length decoding (including the fixed-Iength decodin
decodes it. According to its sinplest exanple, in a cerW
exanpl e, a case wherein the frequency of occurrence is not bi ' mgm
statistical sense) a fixed-length encode uni#3is used, anﬂ\‘\“\ “g\‘ .
the encoding is performed using a variable-length encode UM YT, Sone *
vari abl e-1 ength encodi ng tables. I'f there EBAEMEt her header information, -
the nultiplex may be done using the infornma- tion. '
Fourth Enbodi nment FIG 31 is a block diagram show ng the configuration of
an encoder according to a fourth enbodi nent. The portions of FIG 31 which
are designated by the sane Whatdsglaimed s} G 26 showi ng the second
enbodi nent i ndi cate the i ddn-Anjengodetrwhishsencodes|acdigital daaglyithpates a
speci al code 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 obtaining an ignoring-bit-num-

ber 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

data 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
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.

3. 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,
rearranging the data string so that the initial bit of the
extending variable-length code is at the top of the next
partition.



insertion allowance judging circuit which consists of an accunul ati on adder
19 and a conparator 30 conparing the output of the accunul ati on adder 19
with a constant C input fromthe outside, 32 a save buffer which

tenporarily stores the output fromthe code converter W
the ON OFF operation of which is controlled B4 a control signal fromth
speci al code insertion allowance judging circuit 15 (co mm‘“ “ ““il\
Next, the operation will be described. Input data are vgm“l _ .
encoded by the code converter 16 and tem porarily stored®* n hé& save _
buffer 32. On the other hand, the code-length detector ‘17 detects the code
| ength of the generated conversion codes, the accunul ati on adder 19

accurnul ates and adds the generated code | engths and counts the total

generated code length, and {he conparataqr 30 conpares the output of the
accunul ation adder 19 with i-%déﬁ%mcmsﬁ IBHUINgt t he

€
out put of the accunul ati oincliding ajvarigble-lepgth & séatatwhich has baea out put
of the accumul ati on adder ena®ded by paformingdhe varighle-tength pacading and thei gnal i s
sent to the 'switch 31, t hemresscorrestionregcating ona digitakdata, chasactemizediine synbol
of the variabl e-1ength cothat stidadecoderseompriises: means fordétecting andicor-t o t he
buffer menory 18. At the regting tan"errom ptotiuced én sy randmissiondeimnatly dndf ore t he
one synbol of the vari abl siehgyfok inveestecorvetth 1d-lea ety &ndodedvdera r ead
out, the read operation o{,f{ﬂgwg@m%ngﬁ it Sand! QRP dePgs barifiger nmenory
18 has a capacity which ajgVg tHhd, §if aldast Wierd the Miverbé! cotverith issnft
initialized to the ‘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. '
S. A decoder for decoding a data string, the data string
being previously encoded by orthogonally transforming
blocks of digital data, the data string further being parti-
tioned by a fixed length for transmission, said decoder
comprising:
~ detection means for detecting a state in which a succeed-
ing data string is non-decodable and data indicative of
the end of a block cannot be decoded; and
means for, when said detection means detects the state,
abandoning only the non-decodable data of the block.
6. The decoder of claim 5, wherein a binary “0” is inserted
in place of all non-decodable data of the block prior to
decoding by inverse code conversion.
7. The decoder of claim 5, further comprising:

decoding means for decoding decodable data of each
block. .
8. The decoder of claim 7, further comprising:

error comrecting means for correcting data transmission

errors prior to the data strings being input to the
detection means.

9. An encoder which encodes a digital video signal,

- characterized in that said encoder comprises: means for



the error-correction encoding unit 23 has been conpl eted. The buff

18 generally consists of a DRAM etc., and has t\/\/%snennri es of “‘\
and is - : 23 so confi gur vt he

menory for reading and that for witing are selectively switched. I'n this
switching, therefore, it is preferable that the nenory is assigned to the
writing side after the nenory switch operation is initialized tq,the data
of all Os before the writing of Perfermning eaisulgtonsatwaen fieids an theideg.sighy) to
that of a state wherein a varia@ptein hegum ef ficldscandthe differencn hepweea ficids;
m byte boundary is detected, thmesns faxipesfol theosthogona! teansidrnen thewim h
causes this state is noved to tbkfiekdstorntheydiference between fields in the ynitneloa
the blank portion. Nanely, dat apredeterminedmmrnober 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
data to the variable-length encoded data. .

10. 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 j
variable-length encoded data by a fixed length, and adding
an error-correcting code; means for detecting ‘whetherornot |
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. - '
- 11. An encoder which encodes a digital video signal,

characterized in that said encoder comprises: means for

. performing calculations between fields on the video signal t

- obtain the sum of fields and the difference between field

- means for performing the orthogonal transform on the s
of fields or the difference between fields in the unit ¢

- predetermined number of pixels; means for convertiny
orthogonal-transformed data to a variable-length enc
data; means for partitioning a data string.includin’
variable-length encoded data by a fixed length, and ¢
an error-correcting code; means for detecting whethey
a variable-length code for one symbol of the variabl
encoding is arranged to extend before and after a /
used in the error-correction encoding; and means f
a variable-length code for one symbol is arranged -
rearranging the data string so that the initial '
extending variable-length code is at the top ¢
partition. :

data of all Gs each tinme when the oper‘ati on of sendi ng data of ytes to |
M

S *



encoder has a pattern shown in FIG 32. In FIG 32, when a synbol after the
vari abl e-1 engt h encoded data of 0001 has been caode-converted takes |

or nore, 2 bits of 0, i.e., 00 are inserted. O course, a ' e-1length
code correspond- ing to the synbol which takes 3 bits or noregi Mﬁi\t
fromthe save buffer 32 during the generati om®f the ne \“ §“* sand
positioned at the top of the mbyte data. In the abovg Lpt hon® the

data of all Os is inserted into the blank portion. This requires an

I nprovenent in the preparation of an encoding table. That is, an encoding
table is so prepared that no synbol corresponding to all Gs actuall

exists. This will be descri Hd As tencoderewbicheencodes @ digtalityideo § a

vari abl e-1 engt h encodi ng teHaractéridedviar that adaid -eneoder hcompristisngnedns foame
synbols as FIG 12. In Fl Gerformifg&eband dieigionrumcthe videoesignalpmearks foBy
contrast, in FIG 33, one Ssifling ahlcamtidnélberserlFeRision Mededd-divided symbol
dkg

: ; \ g :
b Il Gs f f th
enbodi Mont i s to performt ésf g‘;ﬁﬁﬁ, it g O &%ﬁg‘;‘“ﬁfﬁgﬁ of
h i abl e-1 th b’ A -dat a’ of
all O is included in the 105 ORE SpE, Eﬁe i g et 4 gl il 2 O
epalswans

- 0
necessary for the dumy ddf§ Yt Bt a5P G HWLSI e ®fe 12
expressed by a binary treeﬂqw‘%:ms ap 8 galadoo varjabjes
becones the dummy data. I tlengthnencoded siatairmeansaior NartitioRing ta, 82§D, | e,
and any val ue may used as ingluding the varisblerlemgth encodeddiata biea fised lemgth, sy ol
to which the dummy data i sambsidimgesan esropcorrentingicdds; mearts for obtaining an
: ignoring-bit-number data which is information of the num-
ber 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 data to the variable-length encoded
data. '
13. 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 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; means for detecting
whether or not a variable-length code for one symbo! 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.




any code for another synbol and of .the same bit number. Wen the dummy dat a
is is, the data of 1 may be witten into all of nxn-bytes during the

above-nentioned initialization. T—"“/ZAL
Then, the operation of the decoder with respect to this encoder will
described. In a very special case such as a s@gdcial rep “L“mﬂ ‘
encoder the top of mbytes is always the |eading bit- Of[ mm h
code, and there- fore in an available Cl block the start*of¢the *
vari abl e-1 ength decodi ng may be set at every mbytes. This i.s because with
respect to the special code at the tail portion of the mbytes there exists
no correspondi ng symbol . Specifically, there exists no corresponding
synbol . Specifically, there ei.sAn MOMWMchCmm@mﬂgw tviddoh ei a of
the last 2 bits of 00 in Flghargetedsvd id tha ﬁ@%ggdgrhedmf,ﬁ@st Peds fope next
mbytes is that of the varigQGmiiap e b Reision dif theiddd sigsl "Rigbns R
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; 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.
15. 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 parti-
tioning 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; means for time-axis-multiplexing the
obtained ignoring-bit-number data to the variable-length
encoded data; means for detecting and correcting an error
produced in a transmission channel; 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-bit-number data, to decode it.



hence this-2-bit data of 00 can be abandoned. That is, the dec

achi eved by providing a data-abandoning circuit that recognizes the
boundary of m bytes and aban- dons the data in which th ﬂﬂ“ﬂﬂ“gm
decodi ng has not succeeded at the |ast tine. Moreover, Em‘mm ng
circuit can be realized as a circuit which geaerates a bit rfask b

prohi biting the inverse conversion of an inverse code converter. If this
dat a- abandoning circuit is not provided, when decodlng consecutive Cl

bl ocks, a special data of the preceding Cl1 block is not abandoned to renain
in the inverse code convert g§, Aarshctd@rdecodéirswhioh esoudes abligital widdoat t his
data together with the |egg fdi%ébréﬂh tihen A G¥éorEihghmedient; aatigizsodes t he
data of anot her synbol. fbﬁu&n ithe onqu@ q,gedlggnﬂbandoned

and remains to exist and r}ﬁ re 811 desaid 1 which
corre- sponds, for exanpl % r rsion on
the data of 001 is reali 28 flﬁg"f‘% % %? %ﬁvgﬁﬂ; & result

that it becomes the syrrbolsl éa‘@?@ The

af oresai d decoder is an eXiSRiIgc2 gata StaRg in¢ 'é‘ﬁﬁ%@?ré‘ﬁ?a %'

Fifth Enbodi ment FIG 3datasb>aaﬁm¢l@naﬂa @m@wz &t.on of

an encoder according to aniéans foredéteding: thbnomot mwble-bnsﬂp@ﬁdq ons

whi ch are designated by t lfier smeymbotesfahs vasablb-écmglhmdem&ngfxs airenged

above-descri bed enbodi mentg extetidcbéfore and after a partition used in the error-
correction encoding; means for, when a variable-length code
for one symbol is arranged to extend, inserting a special
code before the 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 con-
figured so that, in a case where the inverse conversion is not
-accomplished even when the inverse-convcrting process
reaches a position which corresponds to 2 partition used in
the error-correction encoding, the data is abandoned and the
inverse-converting process restarts from the top of the next
partition.

17. 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 parti-
tioning 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; 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; 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 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,



the identical or correspondi ng portions.
25 | nput data are vari abl e-1 ength encoded by the code con- Verter—i6
and tenporarily stored in the save buffer 32. On the ot

code-l ength detector 17 detects the generated code |eng

generated code |l ength counted by the accunul at4Son addi ng*i n¢t he
accunul ation adder 19 is input into the conparator 30. The conpar ator 30
conpares the generated code length with a constant C ,

request flag in the save buff. & decbdeh€or ddroditpnse
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switching means for preventing data bits, judged non-
decodable by the judging means, from being decoded,
the switching means further allowing data bits, judged
as decodable by the judging means and thereby corre-
sponding to a previously encoded block, to be decoded.
19. The decoder of claim 18, further comprising:

code length detector for detecting code lengths of the data
bits in the data string prior to input to the judging

means.

20. The decoder of claim 18, wherein the judging means

includes:

accumulation means for adding the detected code lengths
of data bits of the data string; and

comparing means for comparing an accumulated total of
data bits of the data string, from the accumulation
means, to a predetermined constant value and judging
the data bits as being non-decodable when the accu-
mulated total exceeds the predetermined constant.
21. The decoder of claim 18 further comprising:
decoding means for decoding data bits passed by the
switching means into blocks of digital data.
22. The decoder of claim 21, further comprising:
error correcting means for correcting data transmission
errors prior to data bits of the data string being input to

the judging means.

23. The decoder of claim 22, further comprising:

temporary storage means for receiving and storing the
error corrected data bits of the data string from the error
correcting means, contemporaneous with the judging
means receiving the error corrected data bits of the data
string, the temporary storage means passing data bits
through the switching means to the decoding means
upon the judging means judging the data bits as decod-

able.



controlled to a fixed length in the mbyte length, and therefore there.
remains a margin of 2 bits. If it is assumed that the next synbol to be
code-converted is E, two bits starting fromthe leading bit of E, i.e., 00
at the first two bits of the code of 00001 is put afterthe symbol D of

0001. When the resend is not requested i medi &#&ly after this operation,
001 at the remaining 3 bits of the synbol E of 00001 is disposed at the top
of the next Cl block of in bytes. SinENCOBERCANBADEEOGPERO detects the ful
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 SEEEOI E is read out again in the
next Cl block in the sequence starting wt ding bit. That is, the

| eading 2 bits of the synbol E are disposed at the margin bits of the Cl

bl ock, and the leading 5 bits of the synbol E are disposed in the next Cl
bl ock. Although the leading 2 bits duplicate in this exanple, it is ensured
that the top of the ClL block is the top of a variable-Ilength code.

Si xth Enbodiment  FIG 35A'xxsen%o§é10ﬁhuﬂ'c’iﬂh&%&h@ﬂgtﬁ@ftahﬁtﬁﬁfﬁdlﬁw@5!' on of
a decoder according to.a sSipat i %dﬁeﬁmﬁiﬁéfe% an
daes

i nverse code conversion al £b Js he
basis of the output, from r or - orregg éfe U |,°u§§n et her or
not the decod- ing is acco &40 b % gl .@F'S?e T out put
of the error-correction de %‘;‘H‘P ?Q’fb&ﬁ used in the

error-correcuon encoding to the mmal bit of a variable-
length code to a variable-length encoded data, and transmits
them. An encoder which, when a variable-length code for
one symbol of the variable-length encoding extends over a
partition used in the error-correction encoding, inserts a
special code before the partition, or guarantees that the top
of the partition is always at the top of the variable-length
code. An encoder which obtains the sum of fields and the
difference between fields, and performs on these values the
orthogonal transform to encode them.

FIGURE 30



of the ON OFF operation, which is controlled by the inverse code conversion
al | owance judging circuit 34. 26 Next ,
the operation will be described. The baS|c principle of the operation is
the sane as that of the decoder corre- spending to the encoder in the _
fourth enbodi mnent, and therefore its description is omtted. The input of
FIG 35 is a S|gnal whi ch i's obtained by passihg data encoded i n an encoder
through a transmi ssion medium After errors which have been caused in a
transm ssion 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 mninmum mbytes to the inverse code conversion all ow
ance judging circuit 34 and also to the buffer 35, and tenporarily stored
in the buffer 35. On the other. hand, the inverse code conversion allowance
judging circuit 34 noni- tors each of the | eading one bit of mbyte data
and judges whether or not the variable-length decoding (inverse code
conversion) can be acconplished. If it is judged that it can be
acconplished, the switch 36 is turned ON, and the
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vari abl e-1ength code in which it can be acconplished is read out fromthe
buffer 35, and the inverse code converter 28 sequentially perforns the
vari abl e-1 engt h decodi ng on each of the synbols. Although the procedure of
processing the tail of mbytes in the encoder of the fourth enbodi nent is
different fromthat in the encoder of the fifth enbodi nent, the data may be
abandoned in both the cases, when the procedur2 of processing the data of m
bytes is ended while the variable-length decoding of the tail is not
acconplished. In the sixth enbodinment, the switch 36 remains in the OFF
state when the variabl e-1ength decoding is not accom plished, so that a
vari abl e-1 ength codeis not sent to the inverse code converter 28.
Therefore, the sixth enbodi nent operates so that, while the process of the
data of mbytes is ended or the switch 36 is in the OFF state, all of the
m byte data are initialized and the next mbyte data is stored. According
to this, it is possible to achieve the sane opera- tion as the
above-descri bed dat a- abandoning circuit. In the fourth enbodi nent

descri bed above, the encoding table is prepared with introducing

| nprovenent in its prepa- ration and a special code is inserted in a
margin. Further, t fafth enb e gk I codi ng wi t hout
conducti ng such opEationg andozt h@ﬁm AIE‘I?l ons in the next Cl
bl ocks. According to the decoder of the sixth enbodi- nment, however, it is
possible to performthe decoding without causing the problemof a changed
synbol . This decoding requires simlar operations to be conducted in not

di1}di2|di3fdi4 d15 dis|di7 d]B

d21'd22 d23|d24 d25-d26'd27 d2s

daifd3é'd33 d34|d3s}d3s|d37|d3s

3

d41| d42| d43| da4|das| das| da7| dag

ds1|ds2|ds3| dsa4|dss|dse|ds7| dss

de1|ds2|ds3|de4|dss|des|ds7|des

d71{d72|d73|d74{d75 d76|d77|d78

ds1]ds2|ds3|ds4|dss|dss|ds7|dss




only a trick play node but also during a normal transm $- sion.

Sevent h Enbodi nment FIG 36 is a block diagram show ng the configuration
of an encoder according to a seventh enbodinent. In FIG 36,

27 37 designates a switch which turns ON only when a special data i's

i nput into the code converter 16, 39 a first buffer menory which stores the
output of the code converter 16, 40 a second Buffer nenory which stores
data i nput through the switch 37, and 38 a switch which switches the
outputs of the first and second buffer nmenories 39 and 40. . Next, the
operation will be described. Input signals are variable-length encoded by
the code converter 16mand stored in the first buffer nmenory 39. On the
ot her hand, when a special data is to be encoded, the switch 37 is turned
ON so that the special data is stored in the second buffer nenory 40. The
switch 38 is normally connected to the

F ig. 3 PRIOR ART




upper side (the side of the first buffer nenory 39). However, when a
specific position of the nxn bytes is pointed out, the switch 38 is
connected to the lower side (the side of the second buffer nmenory 40) so
that the reading out of the second buffer nmenory 40 is started. The
contents of a certain fixed data | ength of the second buffer nenory 40 are
time-division-nultiplexed and then supplied totthe error- correction
encodlng unit 23. Naturally, the reading out of the second buffer nmenory 40
is conducted only when the switch 38 is connected to the | ower side, and
during this period the reading out of the first buffer nmenory 39 is

st opped. When the connection of the swwtch 38 is changed, the readi ng out
of the buffer nenory 39 is started fromthe address at which the reading
out has been stopped, and the reading out of the second buffer nmenory 40 is
st opped. Specific exanples of cases in which the switch 37 is turned ON
will be described. Wien a video signal is to be encoded, generally the DCT
is perforimed and the DCT coefficient is variable-length encoded. Usually, a
| ower sequence of the DCT coefficient has a nore inportant meaning, and
therefore it is possible to obtain a rough recognition of an inmge using
only a | ower sequ e.. lf_in sugh 1 37 is operated to turn
ON so as to send Fcy fthgresu m@#g&% ower sequence, the data
of the | ower sequence becones an inage which is double- drawn in a
time-axis nultiplex state. In an extreme case, the |ower sequence may
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is possible to understand a scene fornmed by a DC conponent only, and
therefore a DC conponent only is double-drawn. Since, in view of a

transm ssion capacity, it is preferable that the anount of data to be

doubl e-drawn is as small as possible, the encoding may be performed only on
t he upper sone bits of the DC conponent In such a case, however, the
encoder may be so configured that the fixed | eBgth code before the code
conversion is connected to the switch 37. In a scan type such as the NTSC
system or PAL system signals 28 of the
odd and even fields in one frame are simlar to each other. Therefore, a
cal cul ati on neans for obtaining the sumof DC conponents in the fields may
be provided, or a calculation nmeans for obtaining a nmean val ue of DC com
ponents of four DCT bl ocks en bloc may be provided and the cal cul ation
results may be stored in the second buffer nenDry 40. For exanple, the
operations of averagi ng DC
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conponents of four DCT bl ocks en bloc, obtaining the sumof the fields,
rounding it to 5 bits and storing it in the second buffer nenory 40 all ow
basic data of an image to exist with the code anmount of about 3% of all the
data (excluding error-correcting codes). Wen this data is tinme-axis nulti-
pl exed sO as to be positioned in the hatched por%ions of FIG 14, it is
possible to obtain this basic data with a certain constant high speed
reproduction. According to calculations, data can be. arranged so that a
20-fol d or | ess super high speed reproduction can reproduce this data. It

i s not” neces- sary that the double-drawn data is witten in all franes.
Encoding results obtained fromonly one of several tens of frames are
stored in the second buffer nmenory 40, and the swi tching operation of the
switch 38 is conducted in such a manner that they are gradually tinme-axis
mul ti pl exed during the tinme period corresponding to the several tens of
frames and allows the data to be arranged so as to be reproduced in a super
hi gh speed reproduction. Furthernore, a suitable. conbination of the
above-descri bed exanples, such as that the encoding is perfornmed on up to a
sequence which i s somewhat | ower but higher than the DC conponents of only
one of several tens of franes, may be used. In the description above,
speci al reproductions are mainly described, but it is apparent that when a
non-correctable error occurs it may be used in the interpol ati on wherein
the error data is interpolated on the basis .of the doubl e-drawn data. For
exanpl e, a nethod whi ch enpl oys data of the DC

i 8. 6 PRIOR ART
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conponents may be used. ' Ei ght h Enbodi nent FIG 37 is
a bl ock di agram showi ng the configuration of characteristic portions of a
decoder according te an eighth enbodinment. In FIG 37, 41 designates an
inverse DCT circuit which perfornms the inverse DCT only on input DC
conponents, and 42 an overlap snmoothing circuit which nmakes the boundary of
bl ocks i nconspi cuous. 7 29 Next, the
operation will. be described. This enbodinent differs froma conventi onal
decoder in that it has a node in which, when it enters in an operation
state such as a super high speedE;eproducty7 an i mage i s decoded only

from doubl e-drawn data. The apprpaclhh gthod S|Rﬁl’@RVﬁR‘F according to
the kind of data which has been doubl e-drawn
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during the encoding. For exanple, in a case that the DC conponents only are
doubl e-drawn in the encoder of the above-described seventh enbodi nent, only
one data exists for each DCT bl ock (or for every four DCT bl ocks), and
therefore the boundary of DCT bl ocks can be clearly detected, and the
boundary of bl ocks has a rectangul ar shape. Hence, it rather obstructs the
scene recognition of an image. A circuit for r&educing it is shown in FIG
37. The inverse DCT circuit 41 perforns the inverse DCT only on DC
conponents to obtain a bl ock-shaped i mage as shown in FIG 38(A). In 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 bl ock size (usually, 8x8 pixels) when
data of each bl ock of the DCT are doubl e-drawn, and to the 4-DCT bl ock size
when the DC nean val ue of 4 DCT bl ocks is appended. After these data which
produce a bl ock-shaped reproduction display are obtained, the overlap

snmoot hing circuit 42 makes the boundary of bl ocks inconspicuous, thereby
obt ai ning basic data which will be output to a TV nonitor as a super high
speed reproduction display. Hereinafter, the operation of ‘the overlap-
snmoothing circuit 42 will be described. It is assuned that, for exanple,

t he decoded data of_each t he (DI s Rl 8(A) is a block in

whi ch the bl ock of itsjl fgs» ex&nggﬂﬁdan%r pled in area and
doubled in length, centering around itself. This causes the nine bl ocks of
FIG 38(A) which are conpactly arranged, to overlap, with the result that
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bl ocks overlap as shown in FIG 38(B). A of FIG 38(B) is a block which is
obt ai ned by expanding A of FIG 38(A), and B, C, D and E indicate

bl ocks which are obtained by expanding B, C, D and E, respectively. The
manner of processing under such a state the value of the hatched porfion
of, for exanple, block E (indicated by dotted lines in FIG 38(B)) to nake
t he bl ock boundary inconspicuous will be illwtrated. The part of the

hat ched portion of FIG 38(B) 30

which is 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 the data of block E, and averages them.-so as to be added
with the overlap portion
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from ot her blocks. Specifically, block E is nultiplied by a w ndow
function such as a sine function and added to the data of the overlap

portion. In this case,

overlap portion does not cause the expansion of the dynam ¢ range.

attention nust be paid so that the addition of the

Nanel y,

attention is paid so that the result of the nmultiplication of a function

to or
Furt her nore,

havi ng the val ue equal
becomi ng 1 or nore.

| ess than 1 and tbe addition is prevented from
the sane effect can be achi eved by

perform ing the inverse DCT as a syootthiny

snoothing, so as to interpolate its
coefficients of adjoining blocks su
i nterpol ating the next higher seque
conponents will be illustrated belo
(shown in FIG 39(B)) of block E is
bl ock H fromthe DC conponent of b
p -, a conmponent C[err] by subtract
t he DC conponent of block D and by
of the basis function of the DCT

i nterpol ati on can be well done.
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31 Ni nt h Enbodi nment FIG 40 is a block diagram
show ng the conflguratlon of a decoder according to a ninth enmbodinent. In
FIG 40, 43 designates a Cl bl ock effectiveness judging circuit which

j udges whether or not each Cl block is effective. Then, the operation

wi |l be described. For exanple, the encoder of the foregoing enbodi nment
adds an errorcorrect- ing code to a fixeditength data, and hence if there
is no error inthe unit of an error correction block it can performthe
vari abl e-1 engt h decodi ng wi t hout changing a synbol. On the contrary, when
the variable-1ength decoding is perfornmed after the blocking as in the case
of encoding a video signal, an EOB code al ways exists. Unless such a code
i s decoded, DCT coefficients which are to be subjected to the inverse DCT
are not conpleted. When the Cl bl ock effectiveness judging circuit 43
detects that an error has occurred in a ClL bl ock, for exanple, the process
may fail to reach an EOB code. In such a case, "O' is inserted into the
remai ni ng sequences and the inverse DCT is perfornmed, thereby

Fig. 11PROR ART
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obtaining a reproduced image. This allows the final block to be decoded for
the tinme being, and noreover the substitution of "O' prevents the higher
sequences to be decoded to abnornal data. Tent h
Enbodi ment FIG 41 is a block diagram show ng the configuration of a
decoder according to a tenth enbodinent. In FIG 41, 44 designates a
switch, the OV OFF operation of which is ggntrolled by the Cl bl ock

ef fectiveness judging circuit 43, and 45 is a buffer which stores the

out put of the inverse code converter 28. Next, the operation will be
descri bed. The operation of this circuit is very simlar to the
above-descri bed”ni at henbodi t. e ock effectiveness judgi ng
circuit 43 judggs th an grr rEﬁEﬂKDkg d&#gchhanged exists in the
succeedi ng Cl1 bl ock 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 | acks
the ECB code is : 32
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C(001)
D(0OO0O01)
ECCO0OT)
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abandoned by the OFF operation of the switch 44. As a result, it is

possi ble to avoid an abnormal decoding result. . The ninth and tenth
enbodi ments are specific exanples in which it is prenised that data of nxn
bytes of variable- length codes of a video signal are continuously
reproduced. Wien using an encoder such as the second or seventh enbodi nent
in which information at a prefixed positiofpzanong data of nxn bytes is
replaced with another data, it is needless to say that such a data is not
necessary to be connected to the inverse DCT circuit, that the
configuration may be done so that such a data i's shut off by the sw tching
operation at that position. Moreover, in the second to tenth enbodi nents,
t he doubl e Reed- Sol onon error correcting generally shuffles obtained data
of nmxn bytes to performthe error-correcting encoding. Wen there exists a
case of performng the error-correction in the unit of ClL and the data is
the variabl e-1 ength encodi ng, however, it is preferable that the data
shuffling is not conducted randomy. Furthernore, although the above-de-
scri bed enbodi ments deal with very limted encoding tech- niques, it is
needl ess to say as nentioned above that the error-correcting code may be
another code as far as it is to be added to data of a fixed |ength code,
that the variable- |length code may be a code other than the Huffman
encodi ng

F ig. 13 PRIOR ART

111 112 113

~ ~ ~

ERROR-
_____|coDE | BUFFER|__ICORRECTION|
CONVERTER[™ | MEMORY [™|ENCOD ING




(e.g., the Fano code), and that the DCT nmay be anot her orthogonal
transform There arises no serious problemeven if the shuffling is
conducted so as 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 tine-axis multiplexed. El event h
Enbodi nent FIG 42 is a block diagram shgw ng the configuration of an
encoder according to an eleventh enbodinent. In FIG 42, 51 and 52
designate field nenories which output an incom ng signal being del ayed by
one field, 55 an adder which adds the current input signal and the out put
(a signal delayed by one field) of the field nmenory 51, 56 a subtractor

whi ch cal cul ates the difference between the current input signal and the
output of the field menory 51, 54 a switch which switches the output of the
adder 55 and that of the field menory 52, and 53 a DCT circuit which
perfornms the DCT. 33
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Then, the operation wll be described. At first, an input signal is stored
inthe field nenory 51 and del ayed by one field. The adder 55 obtains a sum
of signals which are different in time by one field. On the other hand, the
subtracter 56 obtains a difference between signals which are different in
time by one field, and it is supplied to- the field nmenory 52 and read out
therefrom being delayed by one field fromthgsoutput of the adder 55. The
switch 54 switches at every field the output- of the adder 55 and that of
the field nmenory 52 so that the sumof fields and the difference between
fields are switched at every field to be inp p.the DCT circuit 53. The
conponents of the sumof fields and the difference\getween fields are

subj ected to the DCT process by the DCT (Arcuit 53 and encoded. In this
way, since only the calculation between ields in ongZfrane only is
conducted, the calcul ati on between frames\wi Il not gCcur, thereby
facilitating the operation of editing in t? it #gf one frane. Nanely,
when inserting F3' and F4' after F3 in FIG\20, A/t is not required to
encode again F1 and F2. FIG 43 shows the cynjd guration of a decoder

whi ch operates in the reverse manner with respgct to the above- descri bed
encoder, and 57 is an inverse DCT circuit, 58 and 59 field nenories, 61 an
adder, 62 a subtracter, and 60 a switch. The operation of this decoder is
the entire inverse of

ONE OR MORE
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that of the above-described encoder, and therefore its description is
omtted. Hereinafter, with reference to FIGS. 44 to 48, the advan- tages-
of the encoder of the eleventh enbodinment will be described. FIG 44 is a
scan systemwhich is nost widely used in current TVs and is called an
interlace scan system This systemis configured so that one franme consi sts
of two parts, the odd field and the even fiel diéhich are scanned while
being slightly shifted fromeach other. In point of tinme, the transm ssion
of the odd field is followed by that of the even field, and therefore two
fields which are of the sub- stantially—sane signals exist in one frane.
Signals of the odd field differ frofhose of themeven field in the
following three occasions: a case in wh the jertical resolution of an
image is high; a portion wherein a dynam c i nage noves; and noi se
conponents. Since the sumof fields<s obtained in the el ewgnth enfodi nent,
a portion wherein the vertical reso- lution of {fhe displayH-s | ow a
portion wherein the novement degree is &mall or} a signal Brwhi i ses
are flattened is output as the sumof fields and~enc Z R this, May,
since the frequency distribution of thecsum of {frelds |s<§gﬂcentrated at a

| oner frequency region, when the DCT is SO = —
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34 peformed, the encoding efficiency is higher in many cases than that
of a case in which the sumof fields is not obtained. Mreover, when the
image is not a dynamc inmage, the difference between fields is
substantially zero, resulting in an encoding efficiency which is excellent.
Next, a portion wherein a dynam c inage noves will be described referring
to FIGS. 45 to 48. FIG 45(A) shows the state37of fields which are produced
by erroneously noving a step-shaped signal in the next field. The state of
a TV screen displaying this is shown in FIG 45(B). The genera- tion of
such a novenent appears as an indentation when finely observing a TV
screen, and this can be sensed as a novenent owing to the afterinmage effect
of the eye. Data of such a signal can be expressed in figures as shown in
FIG 46. \Wen these are subjected, as they are, to the blocking in the
frame and then to the two-dinensional DCT, the result beconmes as shown in
FIG 47. Further, when this is sub-.jected as it is to the inverse DCT, the
MBSE. (square root of the total sum of square errors) is 12.5. Wen those are
subjected to the two-dinensional DC after obtaining the sumof fields and

the difference betfweepn giel ds, “/hoveler, PRIOR ART
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figures shown in FIG 48 are obtained. Further, when this is subjected as
it isto the inverse DCT, the MSEis 8.9, showing that the DCT after
obtaining the sumof fields and the difference between fields provides a
better SINratio. Mreover, when conparing the figures of the results of
the DCTs, it wll be seen that the proportion of O occupying in the results
obt ai ned through the sumof fields and the diffgerence between fields is
overwhel m ngly greater. This is very advantageous in the run-I|ength coding,
and shows that the entropy is low and that the generated code anount in the
case of FIG 48 is smaller. Although it appears that in FIG 48 there are
two 8x8 tables and the data anobunt-is increased at a glance, the generated
code amount is substantially reduced by the reduced anmount of the entropy
because the sumof fields and the difference between fields are selec-
tively output at every field. Thus, the actual nunber of pixels is not
increased. In this way, there are nmany cases in which the generated code
anount is reduced also in a noving portion, and it can be said that the

el eventh enbodiment is a very efficient nethod. Al t hough in the above

case-in which the m.of . f i elfdsQa i f ce between fields are
sel ected at every i elld &as ] 8 nﬁﬁf@ﬁi Aﬁ?ﬂ . '
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35 been descri bed as an exanpl e, needless to say, they may be selectively
output at every block or at a plurality of blocks of the DCT. Further, it
is not necessary for the orthogonal transformto be the DCT, since other
ort hogonal transforns such as the K-L transform can achi eve the sane
effects. Twel ft h Enbodi nment A twel fth enbodinent is
an exanple in which the con- figuration of Fn@ 42 and that of FIG 49 (a
circuit for detecting the poorness of the S/INratio of input video signals
are conbined to control the quantization |level of the differ- ence between
fields. In FIG 19, 63 is a high-pass filter (hereinafter, "HPF') which
limts the band, 64 an absolute value circuit which obtains the absolute
value of an input signal, 65 a limter which [imts the anplitude, 66 an
accurrul ati on adder which perfornms the accumul ative addi- tion, and 67 a
guanti zation control signal generation circuit which outputs to the encoder
of FIG 42 a control signal for controlling the quantizing bit nunber.

Next, the operation will be described. The circuit of FIG 49 detects the
poorness of the S/Nratio of a video signal and varies the quantizing bit
nunber in the encoding of FIG 42.
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Generally, noises are lowanplitude signals, and therefore when the

quanti zing bit nunber is rough they are buried in quantizing noises,
whereby the increase of the code anmobunt caused in the encoding by noises is
elimnated. It is very effective against the increase of the code anount

ow ng to noi ses because when the ‘quantizing bit nunber is rough, the code
anount is generally decreased. The input of F@. 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 elimnate the effect caused by the

| ow frequency conponents and the accunul ative addition is done. Then, the
absolute value circuit 64 obtains the absolute value of the input signal so
that the val ue becones greater when noi ses have a higher level. In order to
prevent a high frequency video signal which originally has a high anplitude
from causi ng an erroneous detection, the signal is passed through the
limter 65 to be subjectecht he anpl | qﬂe limtation, and thereafter the
accurrul ati on adde‘? -268perf rd@tﬁmlﬁ@“i - tion of accumul ative addition
for a fixed period of tinme. The quantization control signal generation -
circuit 67 refers to the cal culated value of the accunul ati on adder 66, and

when the cal cul ated value b s equal or greate han a prede-
termned -val ue, the ciggﬁrfngggggger es a control sig whi ch nakes the
quanti zing bit nunber rough. The C ol signal is sent to“the encoder of

FIG 42.
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36 In the above description, the code anmobunt is prevented from

i ncreasi ng by maki ng rough the quantizing bit nunber of the signal of the
di fference between fields. In addition to such a neans, however, it may be
so configured that the encoding is done after a so-called noise reduction
in which high frequency conponents of the difference between fields are
extracted and linited in anplitude and then s@hjected to the subtraction
with the original difference between fields. Furt her nore, when
controlling the quantizing bit nunber, the sanme effect nmay be achieved in
the follow ng two cases: the quant|2|ng bit nunber for quantlzatlon IS
controlled before the DCT circuit 53; and the DCT coefficient is

guanti zation-controlled after the DCT circuit 53.

Thirteent h Enbodi nent As descri bed above, in very nmany cases, it is
advanta- geous in the view point of encoding efficiency that the encoding
is done by performng the DCT after obtaining the
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sum of fields and the difference between fields. Wen a still imge has a
hi gh vertical resolution or a scene change occurs between fields, however,

t he above-nenti oned encoding i s not al ways advantageous. The optinum state
for the encod- ing efficiency is that the blocking for the encoding is
adaptively changed in accordance with such cases and the bl ocki ng nost
suitable for each case is selected. Athirte@®h enbodi nent is an encoder
whi ch realizes such contents. FIGS. 50(A) and 50(B) show the configuration
of the encoder of the thirteenth enbodinent. In FIG 50(A) show ing the
configuration of an exanple of the thirteenth enbodinent, 68 is a field
sunmi di fference blocking circuit, 69 is an in-frame blocking circuit, 70 is
an in-field blocking circuit, 71 is a generated code anobunt anticipating
and conparing unit which anticipates and conpares the gener- ated code
anount on the basis of outputs fromthe blocking circuits 68, 69 and 70, 72
a switch which switches outputs fromthe blocking circuits 68, 69 and 70,
and 73 a DCT circuit which perforns the DCT. Also, in FIG 50(B) show ing
anot her configuration of the thirteenth enbodinent, 74 is a field

sun di fference blocking circuit, 75 is an in-frame blocking circuit, 76 is
an in-field blocking circuit, 77 are DCT circuits which performthe DCT, 78
is a generated code anmobunt conparing unit which conpares the generated code
amount on the basis of outputs fromthe DCT circuits 77, and 72 a switch
whi ch switches outlets fromthe DCT circuits 77. FIG 50(A) is an

enbodi nent in which the DCT circuit 73
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37 is commonly owned and the bl ocking state is switched by the swtch
72, and FIG 50(B) is an enbodinent in which outputs of the DCT circuits 77
are switched by the switch 79. Both the enbodi nents performthe sw tching
operation so as to mninmze the code anount, and hence the encodi ng
efficiency is always optinmum This switching criterion may be realized by
various enbodi ments, and in the block diagram23shown as the generated code
anount anticipating and conparing unit 71 and the generated code anount
conparing unit 78. According to the specific enbodinent, for exanple, in
the anticipation of the generated code anount, a case wherein an edge and a
transi ent coexist in the block may be detected, and the conbination of an
HPF and LPF enabl es the judgnent to be done. In the generated code anount
conparing unit 78, for exanple, a nethod may be '
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conducted in which an output having the | argest nunber of DCT coefficients

having the value of 0 is selected.- Although in the above description the
three. states of the blocking -are switched, needless to say, only two of

t hem may be swi t ched. Fourt eent h Enbodi nment Thi s
fourteenth enbodi nent is an enbodinment illustrat- ing the allocation of

the quantizing bit nunber before the DCT process after the field

sum difference for a high-fidelity encodi ng/decoding. FIG 51 shows its
exanple. In FIG 51, it is assuned that the value of a pixel of the odd
field and that of the even field corresponding to it are 120 and 121 (since
they are 8-bit data, a value of 0 to 255), respectively. Wen the sum of
fields is obtained, it is 241, and the difference between fields is
120-121=1. In this instance, the dynam c range of the data of the sum of
fields is 9 bits of 0 to 511, and the dynam c range of the data of the

di fference between fields is 9 bits of -255 to 255. Then, the sumof fields
is made 8 bits by rounding off (rounding) the |least significant bit to
becone 120, and while the difference between fields remains to be 9 bits
the DCT is perforned to encode. Supposing that no error is produced in the
encodi ng and decoding units, the output of the decode unit is as foll ows:
the sumof fields is
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38 120; and the difference between fields is -1. By adding one bit of
0 to the place subsequent to the least significant bit of the sum of

fields, a figure of -240 is obtained. As conpared with the figure of 241 at
t he encoding, this produces an error of 1. If this remains to continue,
decoding results of- a low fidelity are obtained. In this case, the
difference between fields is an odd nunber, agg therefore it indicates that
either of the odd field or the even field is an odd nunber. Since the

di fference between fields has a data of -1, noreover, it is known that the
data of the even field is greater by 1. As such data, there gxists only one
conbi nation of 120 and 121. For exanple, in the conbination ¢f 119 and 120,
when the sumof fields is nade 8 bits;, it becones , i
conbi nation of 121 and 122, when the sumof fields Ag n
beconmes 121. That is, when the sumof fields made in 8 oifs—-ZZ
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is aand the 9-bit difference between fields is b, the data of an input
signal are decoded with excellent fidelity by per- formng a set of

cal cul ati ons such as shown in FIG 52. In the above, an exanple in which
the sumof fields is quantized with a bit nunber reduced by one has been
described. In contrast with this, the difference between fields may be

quantized with a bit nunber reduced by one, tl2& eby obtaining field data
In this way, even if the

whi ch correspond one-to-one as shown in FIG 52.
one,..encoding results of a high

bit nunber of either of themis reduced.hy
fidelity can be obtai ned, thereby jenabli ng épe 9 ing of a high S/'N
rati o. Needl'ess to say, the abovelis not required_to use the orthogonal
transformas far as the encoding gqf a highjffidelity is obtained.
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Fi fteent h Enbodi nent FIG 53 is a block diagram showi ng the configuration
of an encoder according to a fifteenth enbodi nent. After the band-division
of a video signal, the fifteenth enbodi ment obtains the sumof fields and
the difference between fields to performthe encoding. The nunerals 81, 82,
83 and 84 in FIG 53 are band-division and thinning filters which use a QW
(orthogonal mirror filter) bunk, etc., and 8528 switch which sw tches the
outputs of the filters 81-84. The ot her configuration is the sane as the
el event h enbodi mrent shown in FIG 42, and the identical portions are
designated by the same reference nuneral.s and their descriptiorq is omtted.
The LL band filter 81 extracts a | owfrequency band signal in Hoth t
hori zontal and vertical, the LH band filter 82 extracts a Iom#freq:ﬁgﬁg
"1 he
al

band signal in the horizontal and a hlgh frequency band sigfa
vertical, the HL band filter 83 extr S Opehreghtiafiuency b@ in
the horizontal and a | ow frequency ba ,ﬁ;gnaD~in the verti¢a H the HH
I [ T
e

band filter 84 extracts a high-freque and &F gna ori zont al
and vertical. The filters 81-84 have th har &1 er |
caused by the thinning operation is cancelled =&t he synt hesi zi ng {pr ocess
and .are very con- venient to performthe bandiddvis
Then, the operation will be described. A to- dBens

onal image i S subjected

by these filters 81-84 to the band- division, and the sun1ﬁf fiellds and the -
di fference between fiel d%_arlé‘bﬁt‘aTﬁé‘dT“aT\d‘Tﬁ Y- are passed thceugh th¢ DEPR
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circuit 53 to be encoded. In this instance, for exanple, the use of the
characteristics of the human visual information processing can further

i nprove the encoding efficiency without naking the deterioration of the

vi sual sensation prom nent. Nanely, human eyes have a narrow dynam c range
for high frequency conponents, and hence cannot detect them even when the
quanti zation |l evel 'is set rough. 28 40

Even when the high frequency conponents separated by the QW are subjected
to the DCT and roughly quanti zed,

t he enpl oypenrt—of -t-he above causes their
deterioration to be substantially undetectable, mheggbwéﬁﬁpﬁfqnt
deterioration is al nost prevented from bei ng| det ec} &d. ce the decrease
of the code anpunt caused by the rough quant{zatioh [évVel” can be expect ed,
therefore, it is effective. Furthernore, evep whenjthe quantization |evel
is set fairly rough, it is inpos- sible to detect fhe deterioration of the
conponents of the <C
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di fference between fields of the high frequency conponents. Nanely, in the
fifteenth enbodi nent, the conponents of the difference between fields of

t he high frequency conponents are roughly encoded using the QW thereby
accel erating the decrease of the code anobunt whil e maintaining the
characteristics of the visual sensation. | ndustri al
Applicability As descri bed above, accordi ngeto the invention, it is
configured so that the data | ength generated by the variable- |ength
encoding is counted to obtain information of the data |ength, and the
information of the data length is tinme- division-nultiplexed with a

vari abl e-1 ength encoded data and then transmtted. Therefore, it has an
advant age that even if an error beyond the error correction capability
occurs, the error does not propagate over bl ocks. According to the

i nvention, noreover, it is configured so that data of the nunber of the
first ignonrig bits of ClL block is tinme-division-nmultiplexed, and therefore
it has an advan- tage that the data of the nunber of the ignoring bits can
be readily recognized in a decodi ng process. According to the invention,
noreover, the data of the nunber of the first ignoring bits is recognized
in a decoding process, and the decoding is perforned with ignoring a data
which is not to be variable-length encoded. It therefore has an advant age
that the synbols can be prevented from being
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changed during the decodi ng process. According to the invention,

noreover, in a case where the vari able-length code of one synbol is
arranged so as to extend over a Cl block, a special code is inserted into
the C1 block. Therefore, it has an advantage that there is no synbol change
during the decodi ng process. 41

According to the invention, noreover, in a cage where the variable-length
code of one synbol is arranged so as to extend over a Cl bl ock, the

vari abl e-1 ength code of. the synbol is arranged at the top of the next Cl

bl ock so that the code again begins fromthe |leading bit. Therefore, it has
an advantage that-there is no synbol change during the decod- ing process.
According to the invention, noreover, a data which cannot acconplish the

vari abl e-1 engt h decoding at the end of a Cl bl ock during the decoding
process is not considered in
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the variabl e-1ength decodi ng process of the next Cl block, and therefore it
has an advantage that the synbols can be prevented from bei ng changed
during the decodi ng process. According to the invention, noreover, a data
of a high conpression ratio is again inserted during the encodi ng process
into a prefixed position, and therefore it- has an advantageée that an
inportant data is positioned at a |location at 3shich the reproduction is
surely done during a special reproduction. Thus, only inportant data can be

entirely reproduced in the special reproduction. According to the
i nvention, noreover, a node in which only an inportant data is dec dis
provided in the decod- ing. It therefore has an advantage that a =

reproduction i mage of excellent quality can be obtained even in a supes
hi gh speed reproduction. According to the invention, noreover, i @
encodi ng where the orthogonal trhansform encoding is pgfierned qn af¥+@%o
signal or the like, when it is d&tected t he succeedi ng dat &haye
non-correctable error while the process fails to readh gn 98 code fhe
data are not used and "O' is 4 nsértgd and then the dqcocrng—rS'perfo
Therefore, it has an advantade that |t he decodi ng can :be {pefTorred wi out
obt ai ni ng abnormal decodi ng rlesul ts. Accordi ng to tthe ji ngentijon, 3=

nor eover, in an encodi ng wher rt hogonal transf¢rn1en ing i & -
performed on a video signal the Ilike, when it is detdcted tHe s@é?gﬁding

data have a non-correctable efror il e the process ;ails @ Ll <C
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reach an EOB code, the data of the block are abandoned. Therefore, it has
an advant age that the decoding can be perfornmed w t hout obtaining abnormal
decodi ng results. According to the invention, noreover, the sum of and
the difference between the odd and even fields of one frane are obtained
and then the encoding is perfornmed. It therefore has an advantage that it
is possible to performthe encoding with a higher conpression ratio in nost
cases as conpared with a case of encoding sinply one frane. Furthernore, it
is easy to conduct the editing operation in the unit of one frane.

42 Accor di to the imyeRtion, noreover, when the S/Nratio of a
video signal is p 0r,lt8€,en2£ ng is performed with a rough quantizing bit
nunber of the difference between fields in which the increase of the code
amount is particularly
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remar kabl e or after conducting a-noise reduction. Therefore, it has an
advantage that the increase of the code anpbunt caused by a noise is
prevented from occurring. According to the invention, noreover, it is
configured so as to select one of a case in which the sumof fields and the
di fference between fields are obtained and the blocking is perforned, a
case in which the blocking is perforned withiay a field, and a case in which
the blocking is performed within a frame. It therefore has an advant age
that the encode efficiency is always optipmum According to the invention,
noreover, either of the sumof fields and the difference between fields is
quantized with a bit nunber smaller than that for the other of them by one
bit, and its sign and parity are judged in the decodi ng process and decoded
to respective field data. Therefore, it has an advantage that it is
possible to performthe decoding with high-fidelity. According to the
invention, furthernore, it is configured so that the band division and the
sum of . fields and the difference between fields are used at the sane tine,
and the nore rough quantization is performed on the higher fre- quency
conponents of the difference between fields. It therefore has an advant age
that the conpression ratio can be inproved w thout detecting the
deterioration in the visual sensation. The invention being thus
described, it will be obvious that the sane may be varied in many ways.
Such variations are

Fig. 34
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not to be regarded as a departure fromthe spirit and scope of the
invention, and all such nodifications as would be obvious to one skilled |n
the art are intended to be included within the scope of the foll ow ng

cl ai nms. 43 CLAI V5
VWhat is clainmed is: 1. An encoder which encodes a digital data by the
vari abl e-1 engt h encoding and the error-corregii on encodi ng, characterized
in that said encoder conprises: nmeans for converting a digital data to a
variabl e I ength encoded data; nmeans for partitioning a data string

i ncluding the variable- I ength encoded data by a fixed | ength and addi ng an
error- correcting code; neans for obtaining an ignoring-bit-num ber data
which is information of the nunber of bits after a partition used in the
error-correction encoding to the initial bit of the variable-length encoded
data; and nmeans for tinme-axis nultiplexing the obtained ignoring-bit-nunber
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data to the variable-length encoded dat a. 2. An encoder which encodes a
digital - data by the variabl e-1ength encoding and the error-correction
encodi ng, characterized in that said encoder conprises: neans for
converting a digital data to a variable-length encoded data; neans for
partitioning a data string including the variable- |ength encoded data by a
fixed length and adding an error- correctingggode; nmeans for detecting

whet her or not a variable-length code for one synbol of the variable-length
encoding is arranged to extend before and after a partition used in the
error-correction encodi ng; and nmeans for, when a variable-length code for
one synbol is arranged to extend, inserting a special code before the
partition. 3. An encoder which encodes a digital data by the

vari abl e-1 ength encoding and the error-correction encodi ng, characterized
in that said encoder conprises: neans for converting a digital data to a
vari abl e-1 engt h encoded data; neans for partitioning a data string

i ncluding the variable- Iength encoded data by a fixed | ength and addlng an
error- correcting code; neans for detecting whether or not a

vari abl e-1 ength code for one synbol of the variable-length encoding is
arranged to extend before and after a partition used in the
error-correction encodi ng; and neans for, when a variable-length code for
one synbol is arranged to extend, rearranging the data string so that the
initial bit of the extending varlable | ength code is at the top of the next
partition.
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44 4. A decoder which decodes a data string, the data string

i ncluding a variable-length encoded data whi ch has been encoded by
perform ng the variable-1ength encoding and the error-correction encoding
on a digital data, characterized in that said decoder conprises: neans for
detecting and cor- recting an error produced in a transm ssion channel; and
means ‘for inverse-converting a variabl e-1enggh encoded data of the data
string, to encode it, and said decoder is config- ured so that, in a case
where the inverse conversion is not acconplished even when the

i nverse-converting process reaches a position which corresponds to a
partition used i-n the error-correction encoding, the data is abandoned and .
the inverse-converting process restarts in the next, partition
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fromthe top thereof.

5. A decoder for decoding a data string,

t he data

string being previously encoded by orthogonally transform ng bl ocks of

di gital data,
for transm ssion

a state in which a succeed-

i ndi cati ve of

the .data string further being parti- tioned by a fixed |length
sai d decoder conpri sing:

detection nmeans for detecting

when sai d detection nmeans detects the state,

non- decodabl e data of the bl ock.

binary "O' is inserted in place of
prior to decoding by in rs¢ ®de
further conpri sing:

bl ock. 8. The decoder of claim?7,

means for correcting data transnission

being input to the
di gi tal
for

vi deo si gnal

det ecti on neans.

characterized in

and

ing data string is non-decodabl e and data

the end of a bl ock cannot 3ie decoded; nmeans for,

abandoni ng only the

6. The decoder of claimb5, wherein a

non- decodabl e data of the bl ock
7. The decoder
decodlng means for decodi ng decodabl e data of each

-error correcting
errors prior to the data strings
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further conpri sing:

of claimbs,
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45 perform ng cal cul ati ons between fields on the video signal to obtain
the sumof fields and the difference between fields; neans for performng
t he orthogonal transformon the sum of fields or the difference between
fields in the unit of a predeterm ned nunber of pixels; nmeans for
converting an orthogonal -transforned data to a vari abl e-1ength encoded
data;, nmeans for partitioning a data string ggcluding the variable-length
encoded data by a fixed length, and adding an error-correcting code; neans
for obtaining an ignoring- Dbit-nunber data which is information of the
nunmber of bits after a partitio ed in the error-correction encoding to
the initial bit of t viar Babl eg ngth ncoded data; and neans for
tinme-axis multiplexing the obtained ignoring-bit-nunber data to the

vari abl e-1 engt h encoded dat a. 10. An encoder which encodes a digital

video signal, characterized in that nDLLSESj means for
perform ng cal cul ati ons between fi el signal §o obtain the
anscjor perform ng the

sum of fields and the difference bet
ort hogonal transformon the sum of fiielfds of t diff f eMenc¢ between fiel ds
in the unit of a predeterm ned nunbgr of pikels; ngans for |converting an

D E F
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ort hogonal -transfornmed data to a variabl e-1ength encoded data; neans For
partitioning a data string, including the variable-Ilength encoded data by
a fixed length, and adding an.error-correcting code; neans for detecting
whet her or not a variable-length code for one synbol of the :

vari able-length encoding is arranged to extend before and after a
partition wused in the error-correction encggling; and neans for, when a
vari abl e-1 ength code for one synbol is arranged to extend inserting a
speci al code before the partition, 11. An encoder which encodes a
digital "video signal, characterized in that said encoder conprises: neans
for perform ng cal cul ati ons between fields on the video signal to obtain
the sumof fields and the difference between field nmeans for performng the
orthogonal transformon the si of fields or the difference between fields
in the unit c predeterm ned nunber of pixels; means for converting

ort hogonal -transfornmed data to a variable-length enc data; neans for
partitioning a data string-including variable-length encoded data by a
fixed | ength, ﬁgd_a an &ior-correcting code; neans for detecting whether a
vari abl e-1 engt hrcdd® .f ne synbol of the variable encoding is arranged to
extend before and after a used in the error-correction encodi ng; and neans
f a variable-length code for one synbol is arradgad rearrangi ng the data
string so that the initial extending variable-Jehgth code is at the top ¢
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46 12. An encoder which encodes a digital video signal, characterized
in that said encoder conprises: neans for perform ng the band division on
the video signal; means for perform ng cal cul ati ons between fields on the
band- di vi ded video signal to obtain the sumof fields and the difference
between fields; neans for performng the orthogonal trans- formon the sum
of fields or the difference between fieldsgn the unit of a predeterm ned
nunber of pixels; nmeans for converting an orthogonal -transforned data to a
vari abl e- |l ength encoded data; neans for partitioning a data string

i ncluding the variable-l1ength encoded data by a fixed | ength, and addi ng an
error-correcting code; neans for obtaining an ignoring-bit-nunber data
which is information of the num ber of bits after a partition used in the
error-correcti encodi othe initial bit of the variable-|ength encoded
data; and nean fdrgtingg is multiplexing the obtained
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i gnori ng-bit-nunber data to the variable-length encoded data. 13. An
encoder which encodes a video i mage signal, characterized in that said
encoder conprises: neans for perform ng the band division on the video
signal; nmeans for perform ng cal cul ati ons between fields on the
band- di vi ded video signal to obtain the sumof fields and the difference
between fields; means for perform ng the @rthogonal trans- formon the sum
of fields or the difference béetween fields in the unit of a predeterm ned
nunber of pixels; nmeans for converting an orthogonal -transforned data to a
vari abl e- |l ength encoded data; neans for partitioning a data string

i ncludi ng the variable-length encoded data by a fixed | ength, and addi ng an
error-correcting code; neans for detecting whether or not a variable-|ength
code for one synbol of the variable-length encoding is arranged to extend
before and after a partition used in the error-correction encoding; and
nmeans for, when a variable-length code for one synbol is arranged to
extend, inserting a special code before the partition.

Fig. 44
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14. An encoder which encodes a digital video signal, characterized.in that
sai d encoder conprises: neans .for perform ng the band division on the video
signal; neans for perform ng cal cul ati ons between fields on the
band- di vi ded video signal to obtain the sumof fields and the difference
between fields; neans for performng the orthogonal trans- formon the sum
of fields or the difference between fieldgsn the unit of a predeterm ned
nunber of pixels; nmeans for converting an orthogonal -transforned data to -a
vari abl e- |l ength encoded data; neans for partitioning a data string

i ncluding the variable-l1ength encoded data by a fixed | ength, and addi ng an
error-correcti.ng code; neans for detecting whether or not a variable-length
code for one synbol 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 synbol is arranged to
extend, rearranging the data string so that the initial bit, of the
extendi ng variable-length code is at the top of the next partition. 15.
An encoder/decoder which encodes a digital video signal for recording it on

a recording rrep.‘l umg gmildgc@q&\s
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t he encoded data For reproducing the original video signal fromthe
recordi ng nmedium characterized in that said encoder/decoder conpri ses:
means for converting a video signal to a variable-l-ength encoded dat a;
means for parti- tioning a data string including the variable-I|ength
encoded data by a fixed |length, and adding an error correcting code; neans
for obtaining an ignoring-bit-nunber datagahich is information of the
nunber of bits after a partition used in the error-correction encoding to
the initial bit of the variable- |ength encoded data; neans for
time-axis-nultiplexing the obtained ignoring-bit-nunber data to the

vari abl e-1 ength encoded data; neans for detecting and correcting an error
produced in a transm ssion channel; neans for extracting the

i gnori ng-bit-nunber data fromthe data string; and neans for

i nverse-converting only a portion of the data string on the basis of the
extracted ignoring-bit-nunber data, to decode it.
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16. An encoder/decoder which encodes a digital video signal for recording
it on a recording nedium anti decodes the encoded data for reproducing the
original video signal fromthe recording nmedium characterized in that said
encoder/ decoder .conpri ses: neans for converting a video signal to a

vari abl e-1 ength encoded data; nmeans for parti- tioning a data string
including the variabl e-l1ength encoded datggqby a fixed | ength, and addi ng an
error-correcting code; neans for detecting whether or not a variable-length
code for one synbol of the variable-length encoding is arranged to extend
before and after a partition used in the error- correction encodi ng; neans
for, when a variable-length code for one synbol is arranged to extend,
inserting a special code before the partition; nmeans for detecting and
correcting an error produced in a transm ssion channel; and nmeans for

i nverse-converting the variable-length encoded data of the data string to
decode it, and said encoder/decoder is con- figured so that, in a case
where the inverse conversion is not acconplished even when the

i nverse-converting process reaches a position which corresponds to a
partition used in the error-correction encoding, the data is abandoned and
the i nverse-converting-process restarts fromthe top of the next partition.
17. An encoder/decoder which encodes a digital video signal for recording’
it on a recording nedium and decodes the encoded data for reproducing the
original video signal fromthe recording nedium characterized in that said

Fig. 47
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encoder/ decoder conprises: neans for converting a video signal to a

vari abl e-1 engt h encoded data; neans for parti- tioning a data string

i ncluding the variable-l1ength encoded data by a fixed | ength, and addi ng an
error-correcting code; neans for detecting whether or not a variable-|ength
code for one synbol of the variable-length encoding is arranged to extend
before and after a partition used in the e{gor-.correction encoding; neans
for, when a variable-length code for one synbol is arranged to extend,
rearranging the data string so that the initial bit of the extending

vari able-length code is at the top of the next partition; means for
detecting and correcting an error produced in a transm ssion channel; and
means for inverse-conve&ging t he variabl e-1ength encoded data of the data
string to decdaeiig" sai d encoder/decoder is configured so that, in a
case where the inverse conversion is not acconplished even when the

i nverse-converting process reaches a position which corre- sponds to a
partition used in the eror-correction encoding, the data is abandoned and

the inver se- convert-re—process—restartsFromtiefop of the next partition.
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49 18. A decoder for decoding a data string,
previ ously encoded by transform ng each of a plural-

digital data, the decoder conprising:

the data string being
ity of blocks of
j udgi ng means for determ ning

whet her or not data bits in the data string are portions of a
previ ously encoded bl ock by judgi ng whet her or not
decodabl e; and swi tching neans for prevepging data bits, judged non-
decodabl e by the judgi ng neans, from bei ng decoded,
as decodabl e by the judging

means and thereby corre- sponding to a previously encoded bl ock, to be

means further allowi ng data bits, judged

decoded. 19. The decoder of clai m 18,

prior to input to the judging nmeans.

wherei n the judgi ng neans incl udes: accunul gt
det ected code | engths of data bits of the

means for conparing an accunul ated tota
string, fromthe accunul ati on nmeans,

and j udgi ng the data bits as bei ng non-deg

Fig, 49
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nul ated total exceeds the predet er mi ned const ant.
claim 18 further conprising:

by the
of claim 21, further
data transm ssion
Il nput to
conpri si ng:

corrected data Hrt¢ gf theQdathy

passing data bits

t he judgi ng neans.

conpri si ng:

21. The decoder of
decodi ng neans for decoding data bits passed
swi tching neans into bl ocks of digital data.

errors prior to data bits of the data string being

-string,

23. Theggecoder of claim 22,
tenporary storage neans for receiving and storing the
error corrected data. bits of the data string fromthe error
means, cont enporaneous wi th the judging

further

means receiving the error:
the tenporary storage neans
t hrough the switching nmeans to the decodi ng neans

COMPARING UNIT

~upon the judgi ng nmeans judging the dqég bits as decod- abl e.
. B
FIELD
~ SUM/D IFFERENCE
i
69— ]2 73
. g =
_| IN-FRAME BLOCK- S~ol—.|DCT ,
ING CIRCUIT - o CIRCUIT |
A
70\ ‘
| IN-F1ELD BLOCK-
ING CIRCUIT: '
71
' ¥ ¥ =
|GENERATED CODE AMOUNT
ANT-ICIPATING/COMPARING UNIT
Fig. b0 B
74
= 71
FIELD — =
- SUM/DIFFERENCE |___IDCT
BLOCK NG CIRCUIT
CIRCUIT ] 7g
7
5 ,, =
| IN-FRAME BLOCK-|___[pcT N
ING CIRCUIT CIRCUIT o
| 71 ‘
75\ ,_,
L IN-FIELD BLOCK-|___{DCT
ING CIRCUIT CIRCUIT 78
YyVvYv ~
GENERATED CODE AMOUNT|—

22. The decoder
error correcting nmeans for correcting

correcting



48

LINN
ON Q0030

LINN
IN1JOON3

/ N\

/N

- >~ {- 39NIY34410 — 121 Q7314
S118 6 A8
ONIZIINYAD N3A3
02l —Trge e (7eMns ozl 3%&
oN|7Z 1 LNYNO
|- - - 3ONTYI4410 =— 121 Q71314
S118 6 A8 _
ON 17 | LNYNO NIAS
02l ~—<Tgg e (renns  ~—oel 3%0_@
ON1Z | LNVND



49

2 2 4IGNNN
q " qt" NIAT 1qyNO T 1dO
aqao| ¥3annn
q—=g S JATLYDIN|TYNO I LdO
_ 40| ¥39NNN
¢ 4+ IA1L1S0d |1¥YNO | LdO
VLVQ @131 4-NIAI|VLVa a1314-0Q0 q B

2G "81 4



AYOWIN
ai3itd

\\.\
¢S

9% | ETRIE
NVE HH

43L114

ﬂ.

50

aNv8 1H
daLils

L1N2d

>
Qo
O
=
L
=
000

1!
SNENEN

ANVE8 H

431714

aNYE 17
7
18

€g

£G 814



