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SPECIFICATION
CODING SYSTEM AND DECODING SYSTEM

TECHNICAL FIELD
The present invention relates generally to a system
for transmitting and/or storing information via a medium
of a high error rate, such as a radio transmission line.

More specifically, the invention relates to a coding and/or

decoding system suited to carry out the error

correction/detection coding of a compressed code .string
obtained by the high efficiency compression coding to
transmit and/or store the compressed code string.

BACKGROUND ART

For example, in a system for carrying out the
high-efficient compression coding of a picture and/or voice
information so as to have a small information content to
transmit the compression-coded picture and/or voice
information via a radio transmission line, such as a radio
visual telephone, a portable information terminal and a
digital television broadcast system, it is important how
to transmit the obtained code string with a high quality
since the transmission line has a high error rate.

In a case where a code string is transmitted and/or
stored via such a medium of a high error rate, an error
correcting code, such as a Bose—Chaudhuri-Hocquen_ghem (BCH)
code, a Recommended Standard (RS) code and a convolutional
code, is often used as means for reducing the error rate.
In addition, an error correcting code, such as a check sum
and a cyclic redundancy check (CRC), is used as means for
enabling the error correction on the receiving side. The
aforementioned error correction and/or error detection adds
excessive bits (redundancy) to the transmitted and/or
stored information in accordance with a predetermined rule
to examine whether the transmitted and/or stored code
string obeys the rule during decoding, to carry out the
error correction/detection on the basis of the results.
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However, in such a method for coding a code string
obtalned by a high-efficiency compression cdding into error
correcting/detecting codes to transmit and/or store the
codes, there is a disadvantage in that it is difficult to
be combined with a synchronous recoverlng technique for
recovering a step out caused by a code word error in the
traﬁsmission line/medium. "As a synchronous recovering
technique, a method for inserting a uniformly decodable
code called a synchronization code to resume the decoding- -
immediately after the synchronization code is detected when
a step out occurs is often used.

In order to make a uniformly decodable code word of
the synchronization code, the code word must be combined
with another code word so as not to form the same bit
pattern as the synchronizatioh code. However, in an error
correction-/detection coding, it is generally difficult to
form a code word so as to prevent a certain bit pattern
from occurring. When the same bit pattern as the
synchronization code occurs, a pseudo synchronization may
be caused by the error detection of the synchronization
code.

In order to avoid this problem, there is used a
method for preventing the pseudo synchronization by
determining whether the same bit pattern as the
synchronization code exists in the code string after
performing the error correction/detection coding, inserting
a dummy bit into the bit pattern in accordance with a
certain rule when the same bit pattern exists, and deleting
the dummy bit in the same rule in a decoding system.
However, in a case where the code string is transmitted
and/or stored via a'medium in which errors are easy to
occur, errors may occur in the inserted bit, so that there
is a problem in that a new step out or a new pseudo
synchronization may occur. '

In addition, in a case where the error
correction/detection coding of a code string is carriéd out
to insert a synchronization code, there is also a problem
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in that the coding efficiency is lowered since it is
required to add many inserted bits to the code string in
order to compensate an excess of information bits, for
whidh the error detection and/or detection coding is to be
carried out, at the end portion of a synchronization
interval between the adjacent synchronization codes.

On the other hand, in order to enhance the error
correcting/detecting capability, the redundancy of the
transmitted and/or storéd information may Eé enhanced.
However, if the reduhdancy‘is enhanced, the number of bits
required to transmit the same information is increased.
Therefore, if the error correcting/detecting capability is
enhanced, it is required to provide a transmission line of
a higher transmission rate, or the number of bits of
information to be stored is increased. In addition, if the
transmission rate and the stored capacity are the same, the
amount of information, which can be transmitted and/or
stored, is dec;eased as the redundancy is enhanced. In a
case where a picture and/or voice information is
high-efficiently compression-coded to be transmitted and/or
stored, in order to add the redundancy to improve the error
resistance, the compression coding into a smaller amount:
of information must be carried out if the transmission
and/or storage rate is the same, so that the picture
quality and sound quality are lowered.

Therefore, as a method for providing a smaller
redundancy and a high error resistance, there is a method
called hierarchical coding. This is a method for enhancing
the error resistance using the same means redundancy in
comparison with when the same efror correcting/detecting
code is used, by classifying the high-efficiency
compression—coded information in accordance with the
magnitude of errors influencing the picture quality and the
sound quality, using an error correcting/detecting code of
a hiQher error correction/detection capacity while having
a high redundancy, for information under a great influence

of the error, and using an error correcting/detecting code
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of a less redundancy while having not so high error
correction/detection capacity, for information which is not
so greatly influenced by the error.

‘ For example, in a coding system, which is formed by
combining the motion-compensated prediction with the
orthogonal transform and which is often used for the
high-efficiency compression coding of a dynamic image,
i.e., in a system for motion-compensation predicting an

" input dynamic image signal to orthogonal transform its
- prediction residue by a DCT (discrete cosine transform) or

the like, the error correcting/detecting codes of a high
errof correcting/detecting capability are used for motion
vector information, which greatly deteriorate the picture
guality if an error 6ccurs, and for lower coefficients of
the orthogonal transformation coefficients of the
prediction residual signal, and the error:
correcting/detecting codes of a low error correcting-
/detecting capability are used for higher coefficients of
the orthogonai transformation coefficients of the
prediction residual signal, which are under a small
influence of the error. _

In order to achieve such a hierarchical coding, it
is required to switch the error correcting/detecting codes
of different error correcting/detecting capabilities in the
middle of the output code string. As a method for
switching the error correcting/detecting codes of different
error correcting/detecting capabilities, there is a method
for adding a header information representative of the kind
of the error correcting/detectihg codes to a code string.
FIG. 11 shows an example of a éode string, to which the
header information is.added to switch the error
correcting/detecting codes. In this example, two kinds of
error correcting/detecting codes FEC1l and FEC2 are
switched. Theheaders1101'u)1104haveaaheader
information representafive of the kind of the error

_correcting/detecting codes and the number of the code

words. In a coding system, code words, which are error
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corfection/detection.coded, are arranged after the header
information. In a decoding system, the header information
is decoded, and the error correcting/detecting codes are
dedoded in accordance with the decoding of the'header
information.

However, in the method for switching the error
correcting/detecting codes by adding such a header
information, there is a problem in that the number of bits
of the code string to be transmitted andfor.stored by
adding the header information is increased. In a case
where the picture and/or voice information is high-
efficiency compression coded to be transmitted and/or
stored, if the number of bits is occupied by the header
information, the number of bits used for the
high-efficiency compression coding of the picture and/or
voice information is decreased, so that the picture quality
and sound guality are deteriorated.

As mentioned above, if the error
correction/detection coding of the code string, in which
the high-efficiency compression coding of dynamic image
signals and so forth is performed, is carried out, an
optional bit pattérn is produced. Therefore, in a case
where the exrror correction-/detection coding is combined
with the synchronous recovering technique using a uniformly
decodable synchronization code, there is a problem in that
a pseudo synchronization is caused by the error detection
of the synchronization code. Also in a case where the
dummy bit is inserted to prévent the pseudo
synchronization, there is a problem in that a new step out
or a new pseudo synchroni—zatioﬁ is caused by the error of
the inserted bit. ' '

In addition, in a case where the error correction-
/detection coding of the code string is performed and the
synchronization code is inserted, it is con&entionally
required to use many inserted bits to compensate an excess
of information bits, for which the error detection and/or
detection coding is to be carried out, at the end portioh
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of a synchronization intervél between the adjacent
synchronization codes, so that there is a problem in that
the coding efficiency is lowered.

Moreover, in a coding/decoding system for switching
error correcting/detecting codes of different error
correcting/detecting capabilities by adding a header
information, the number of bits to be trénsmitted and/or
stored by adding the header information is increased.

" Therefore, in a cdse where a picture'and/or voice -

information is high-efficiency compression coded to: be
transmitted and/or stored, there is a problem in that the .
information content assigned to the picture and/or voice
information is decreased to lower the picture quality and

the sound quality.

DISCLOSURE OF INVENTION _

It is therefore a principal object of the present
invention to eliminate the aforementioned problems and to
provide coding and decoding systems, which can prevent a
pseudo synchronization and a step out due to the error
detection of a synchronization code. '

It is another object of the present invention to
provide coding and decoding systems, which prevent a pseudo
synchronization and a step out due to the error detection
when an error correction/detection coding is combined with
a synchronization recovering technique using a
synchronization code. _

It is further object of the present invention to
provide coding and decoding systems, which can decrease the
number of inserted bits used.at the end portion in a
synchronization interval to enhance the coding efficiency,
when an error correction/detection coding is combined with
a synchrdnization recovering technique using a
synchronization code.

It is still further object of the present invention
to provide coding and decoding systems which can decrease
the number of bits of a code string, to which a header
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information representative of the kind of error
correction/detection coding must be added and which is
transmitted and/or stored, to improve the quality of
information.

(1) A first coding system, according to the present
invention, comprises: coding means for coding an input code
string to an error correcting/detecting code comprising an
information bit and a check bit; and code string assembling
means for inserting a synchronization code into” any oné of
a.pluralityfof predetermined synchronization code inserting
positions in an output code string, for arranging the
information bit at an optional position in the output code
string, and for arranging the check bit at a position other
than the synchronization code inserting positions in the
output code string to assemble the output code string.

A first decoding system, accotding to the present
invention, comprises: synchronization code detecting means
for detecting a synchronization code at a plurality of
predetermined synchronization code inserting positions on
the basis of a code string, which is coded to an error
correcting/detecting code comprising an information bit and
a check bit; code string resolving means for resolving the
code string to extract the information bit of the error
correcting/detecting code and the check bit of the error
correcting/detecting code arranged at a position other than
the synchronization codé inserting positions; and decoding
means for receiving the information bit and the check bit
extracted by the code string resolving means to decode the
error correcting/detecting code.

Thus, in the first codihg/decoding system, the
synchronization code exists only at the predetermined
synchronization code inserting position in the output code
string, and the check bit of the error correcting/detecting
code exists at a'position other than the synchronization
code inserting position. Therefbre, even if the same bit
pattern as the synchronization code is contained in the
check bit, there is no probability that it is erroneously
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detected that the same bit pattern as the synchronization:
code is a synchronization code. Accordingly, since it is
not required to use a special error correcting/detecting
cddé for preventing a particular bit pattern and to insert
a bit for preventing a synchronization code after the error
correction/detection coding, the degree of freedom for the
used error correcting/detecting code can be increased. 1In
addition, since there is no probability that a new
synchronization detection error may ocbuf due to the
insertion of an error into an inserted bit, it ié possible
to improve the resistance to errors.

| (2) In a second coding system according to the
present invention, code string transforming means is added
to the first coding system. The code string transforming
means transforms an input code string other than
synchro'nization codes arranged at a plurality of
predetermined synchronization code inserting positions in
an output code string so that a humming distance from the

'synchronization code is equal to or greater than a

predetermined value. The code string transformed by the
code string transforming means is inputted to coding means
to be coded to an error correcting/detecting code
comprising an information bit and a check bit.

In a second decoding system according to the
present invention, code string transforming means is added
to the first decoding system. The code string transfo;ming

.means transforms a code string other than the

synchronization code, which exists at a synchronization
code inserting position and which is transformed so that
a humming distance from the syhchronization code in the
code string decoded by the decoding means is equal to or
greater than a predetermined value, into the original code
string.

Thus, in the second coding/decoding system, the
coding system carries out the transforming process so that
the humming distance from the synchronization code with
respect to a bit string arranged at the synchronization
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code inserting position is equal to or greater than a
predetermined value, and the decoding system carries out
the reverse transformation. Therefore, since the same bit
pattern as the synchronization code is not contained in the
bit string, it is possible to prevent the error detection
of a synchronization code. In addition, if the transform
is carried out so that the humming distances between the
synchronization code and the other code strings are great,
the synchronization'code can be distinguishéd"from the
other code strings even if an error is mixed into the code
strings, so that the probability of the error detection of
the synchronization code due to errors can be decreased.

Since this transforming/inverse transforming
process is carried out only at the synchronization code
inserting position, the overhead is less than those in
conventional methods for carrying out transforming/inverse
transforming process over the whole code string. In
addition, in the code string inputted to the coding system,
it is not required to carry out the transforming process
so as not to produce the same bit pattern as the
synchronization code, and it is not required to use a
special code string. 1In particular, in a case where a
variable length coding system for switching and using
different code word tables is used as an input of this
coding system, if the code word table is.prepared so as not
to produce the same pattern as the synchronization code in
the variable length coding system, there is a problem in
that the coding efficiency is lowered. However, the second
coding/decoding system can eliminate such a problem.

(3) A third coding system, according to the present
invention, comprises: coding means for coding an input code
string to an error correcting/detecting code; synchroniza-
tion code inserting means for inserting a synchronization
code into the code string; and determining means for
determining the number of bits an information to be coded
to an error correcting/detecting code immediately before
the synchronizationlcode in the code string, wherein the
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coding means causes the error correcting/detecting code
immediately before the synchronization code, to be a
degenerate code, which adaptively degenerated on the basis
of the number of bits determined by the determining means.

"A third decoding system, according to the present
invention, comprises: decoding means for decoding a code
string, which is coded to an error correcting/detecting
code and into which a synchronization code is inserted;

synchronization code detecting means for detecting the

synchronization code in the code string; and determining
means for determining the number of bits of an information,
which is coded to an error correcting/detecting code
immediately before the synchronization code in the code
string detected by the synchronization code detecting
means, wherein the decoding means decodes by identifying
whether the error correcting/detecting code immediately
before the synchronization code is a degenerate code on the
basis of the determined result of the determining means.

Thus, in the third coding/decoding system, since a
degenerate code degenerated to the number of bits required
to code the information bit remaining at the end portion
of a synchronization interval is used as the error
correcting-/detecting code immediately before the
synchronization code, it is not required to use many
inserted bits in order to compensate the remainder of the
information bit at the end portion of the synchronization
interval, so that the coding efficiency can be improved.

(4) A fourth coding system, according to the
present invention, comprises: coding means for coding a
code string containing kinds of input information to an
error correct-ing/detecting code; and switching means for
switching the kind of the error correcting/detecting code
in accordance with the kinds of the input information in
the code string. |

A fourth decoding system, according to the present
invention, comprises: decoding means for decoding a code
string, which is coded to a different kind of error
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correcting/detecting codé in accordance of the kind of
information, to generate the original information; and
means for determining the kind of the error correcting-
/détecting code on the basis of the kind of information
generated by the decoding means, to inform the decoding
means.

Thus, in the fourth coding/decoding system, in a
case where the coding/decoding is carried out by switching
the error correcting/detecting code in-accordance with the’
kind of information, the coding system switches the error
correcting/detecting code in accordance with the kind of
information of the input code string, and the decoding .
system determines the kind of the error correcting-
/detecting code on the basis of the decoded information to
carry out the same switching as that of the coding system.
Therefore, it is not required to use a header information
representative of the kind of the error correcting/detect-
ing code unlike conventional systems, so that it is
possible to remove the ocverhead due to the header
information.

(5) A fifth coding system, according to the present
invention, comprises: code string transforming means for
transforming an input code string other than synchroni-
zation codes, which are arranged at a plurality of
predetermined synchronization code inserting positions in
an output code string and in intervals of a predetermined
number of bits before and after the predetermined
synchronization code inserting positions in an output code
string, so that a humming distance from the synchronization
code is equal to or greater thén a predetermined value;
coding means for coding a code string transformed by the
code string transforming means, to an error correcting-
/detecting code domprising an information bit and a check
bit; and code string assembling means for inserting a
synchronization code into any one of a plurality of
predetermined synchronization code inserting positions in
the output code string, for arranging the information bit
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at an optional position in the output codé'string, and for
arranging the check bit at a position other than the
synchronization code inserting positions in the output code
string to assemble the output code string.

A fifth decoding system, according .to the present

. invention, comprises: synchronization code detecting means

for detecting a synchronization code at a predetermined

synchronization code inserting position and in an interwval

"of a predetermined number of bits before and after the

predetermined synchronization code inserting position, on
the basis of a code string, which is coded to an error
correcting/detecting code comprising an information bit and
a check bit and into which the synchronization code; code
string resolving means for resolving the code string to
extract the information bit of the error correcting-
/detecting code and the check bit of the error
correcting/detecting code arranged at a position other than
the synchronization code inserting position; decoding means
for receiving the information bit and the check bit
extracted by the code string resolving means to decode the
error correcting/detecting code; and code string
transforming means for transforming a code string other
than the syndhronization code, which is transformed so that
a humming distance from the synchronization code in the
code string decoded by the decoding means is equal to or
greater than a predetermined value and which exists at the
synchronization code inserting position and in an interval
of a predetermined number of bits before and after the
synchronization code inserting position, into the original
code string.

~ Thus, in the fifth coding/decoding system, the
input code string is transformed in the synchronization
code inserting interval as well as in the interval of the
predetermined number of bits before and after the
synchronization code inserting interval so that the humming
distance is eQual to or greater than the predetermined
value, and the decoding system carries out the reverse
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transformation of the input code string, so that the same

‘bit pattern as the synchronization code is not contained

in this interval. Therefore, even if the
transmission/storage of a bit string coded through a
transmission line or a storage medium for causing a bit
loss, in which a part of bits is lost, and a bit addition,
in which an excess bit is added, is carried out, the
synchronization code can be distinguished from the other

" code §triﬁgs if the number of lost/added bits is equal to

or less than a predetermined number of bits, so that the
decoding system.can.corréctly carry out the synchronization
detection.

(6) A sixth coding system, according to the present
invention, comprises: multiplexing means for-multiplexing
kinds of compressed codes, which are obtained by
compression coding an input signal, to produce a
multiplexed code string; and code string assembling means
for inputting the multiplexed code string to assemble an
output code string, wherein the code string assembling
means inserts a synchronization code into any one of a
plurality of periodically predetermined synchronization
code inserting positions in the output code string.

In this case, in order to insert the
synchronization code into any one of the plurality of
periodically predetermined synchronization code inserting
positions in the output code string, the code string
assembling means inserts a stuffing bit into the output
code string, or periodically determines the plurality of
synchronization code inserting positions in the output code
string and inserts an informatibn (a pointer information)
representative of the boundary of the multiplexed code
string, to insert the synchronization code into any one of
the plurality of synchronization code inserting positions.
Thus, the synchronization code can be inserted only into
any one of the plurality of periodically predetermined
synchronization code inserting positions.

The stuffing bit is preferably a code, which can be
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uniformly decoded in a backward direction of the output
code string. Thus, if the decodiﬁg system compares the
decoding end position of the code string immediately before
the'stuffing bit with the starting position of the stuffing
bit, it is possible to easily detect an error in the input
code string.

Moreover, the humming distances of the stuffing bit
from the synchronization code and the part thereof are
preferably equal to or greater than a predetermined value.
Thus, there is an advantage in that the probability of the
occurrence of a pseudo synchronization.

A sixth decoding system, according to the present
invention, comprises: synchronization code detecting means
for detecting a synchronization code in an output code
string; demultiplexing means for demultiplexing on the
basis of the position of the synchronization code detected
by the synchronization code detecting means from the input.
code string, to produce a compressed code string; and
decoding means for decoding the compressed code to output
a reconstructed signal, wherein the synchronization code
detecting means detects the synchronization code at a
plurality of periodically predetermined synchronization
code inserting positions in the input code string.

Thus, in the case of the sixth coding/decoding
system, since the coding system inserts the synchronization
code into the multiplexed code string, which is obtained
by multiplexing kinds of compressed codes, only at the
periodically predetermined synchronization code inserting
positions, the decoding éystem.may carry out the
synchronization detection only af the synchronization code
inserting pbsitions, so that the number of synchronization
code detecting processes can be decreased in comparison
with conventional systems for inserting a synchronization
code into a code string at an optional position. 1In
addition, in accordance with the decrease of the number of
the synchronization’cbde detecting prbCeSses, it is
poSsible to decrease the probability that a pseudo
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synchronization occurs because of the bit string inputted
to the decoding sYstem changed to the same bit pattern as
the synchronization code due to bit érror. Therefore;
according to the present invention, it is possible to
decrease the number of the occurrences of the pseudo
synchronization,. so that the processing quantity in the
synchronization code detection can be decreased.

(7) In a seventh coding system according to the

' present invention, code string transforming means is added

to the sixth coding system. The code string transforming
means transforms a code string other than said
synchronization code, which is arranged at said
synchronization code inserting position in said output code
string, so that a humming distance from said
synchronization code is equal to or greater than a
predetermined value. '

A seventh decoding system, according to the present
invention, further comprises: code string transforming
means for transforming a code string other than the
synchronization code, which is transformed so that a
humming distance from the synchronization code is equal to
or greater than a predetermined value at the
synchronization code inserting position of the input code
string, into the original code string.

Thus, in the seventh coding/decoding system, in
addition to the construction of the sixth coding/decoding
system, the bit insertion in view of the error of the
synchronization code, i.e}, the transformation of the
humming distance of the bit string arranged at the
synchronization code inserfing position from the
synchronization code, is carried out, so that the same bit
pattern as the synchronization code is contained in the bit
code string. Therefore, it is possible to ensure that the
error detection of the synchronization code does not occur
with respect to an error of a supposed number of bits or
less, so that it is possible to decrease the probability
of the error detection of the synchronization code.
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Furthermore, in the present invention, the
synchroniza-tion code is a code string, which is inserted
into a code string for synchronization recovery and which
caﬁ be uniforﬁly decoded. For example, if a code string
for inserting a synchronization code is a multiplexed code
string, which is obtained by multiplexing a plurality of
kinds of compressed codes obtained by compression coding
an imagé signal inputted for each framé, Ehe

synchronization code is a code representative of a

partition of a coding frame, partitions of the plurality
of kinds of compressed. codes, and other partitions.

As described above, according to the present
invention, the following advantages can be obtained.

(1) According to the first coding/decoding system,
the synchronization codes are inserted only into'the
synchroni-zation code inserting positions arranged at
regular intervals, and the check bits of the error
correcting-/detecting code are shifted so as to exist at
positions other than the synchronization code inserfing
positions. Thereforé, even if the same bit pattern as the
synchroni-zation code occurs in the check bit, the same
pattern as the synchronization code does not occur at the
synchroni-zation code inserting position, and, in theory,
there is no probability that synchronization is detected.

In addition, if the bit insertion into a code
string at the synchronization code inserting position is
carried out so as not to produce a pseudo synchronization
code, it is possible to eliminate the difficulty in forming
a code word so as not to produce the same bit pattern aé
the synchroni-zation bit. -

(2) According to the second.coding/decoding system,
in addition to the construction of the first coding system,
the bit insertion is carried out in view of the synchroni-
zation code, i.e., the transforming process is carried out
so that the humming distance from the synchronization code
is equal to or greater than the predetermined value with
respect to the bit string arranged at the synchronization
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code inserting position, and the decoding system carries
out the backward transformation, so that the bit code does
not contain the same bit pattern as the synchronization
code. Therefore, it is possible to ensure to prevent the
error detection of the synchronization code from occurring
due to the errors of the supposed number of bits or less,
so that the probability of the error detection of the
synchronization code is decreased. 1In addition, if such
transformation is carried out, it is pos'_é"-'i'_ble to
distinguish the synchronization code from the other code
strings even if an error is mixed into the code string, so
that the probability of the error detection of the
synchronization code due to errors can be decreased.

Moreover, since the error correction/detection
coding is carried out after the code word is transformed
by the bit insertion, the error protection is carried out
for the inserted bit. Therefore, in comparison with
conventional systems for carrying out the bit insertion
after the error correction/detection coding, the
probability that an error occurs in the inserted bit is
decreased. In addition, since the bit insertion is carried
out only into the synchronization code inserting position,
the increase of the quantity of cods due to the bit
insertion is smaller than that in conventional systems for
carrying out the bit insertion over the whole code string,
so that the coding efficiency is improved. .

(3) According to the third coding/decoding system,
since the error correcting/detecting code immediately
before the synchronization code is a degenerate code, it
is possible to decrease the nuﬁber of inserted bits for
compensating the remainder of the information bit at the
portion immediately before the synchronization code, to
improve the coding efficiency, in comparison with
conventional coding systems. '

(4) According to the fourth coding/decoding system,
the coding system utilizes the multiplexing rule in the
high-efficiency compression coding system, sﬁch as image
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and voice, and switches the error correcting/detecting code
in accordance with the kind of the information of an input
code string, and the decoding system determines the kind
of the error correcting/detecting code on the basis of the
decoded information to carry out the same switching as that
of the coding system. Therefore, it is not required to add
the header information representative of the kind of the
error correcting/detecting code, and it is possible to

“assign the number of bits to high efficiency compression

coding, such as image and voice, so that'it is possible to
improve the information quality, such as picture quality
and sound quality.

(5) According to fifth coding/decoding system, the
coding system transforms an input code string so that a
humming distance in a synchronization code inserting
interval as well as a humming distance in an interval of
a predetermined number of bits before and after the
synchronization code inserting intefval are equal to or
greater than a predetermined value, and the decoding system
carries out the inverse transformation of the input code
string, so that it is possible to prevent the same bit
pattern as the synchronization code from being contained
in this interval. Therefore, even if a bit string coded
through a transmission line and/or a storage medium, which
may cause a bit loss for losing a part of bit is lost and
a bit addition for adding an excess bit, is
transmitted/stored, if the number of lost/added bits is
equal to or less than a predetermined number of bits, it
is possible to distinguish a synchronization code from
other code strings, so that the decoding system can
correctly carry out the synchronization detection.

(6) According to the sixth coding/decoding system,
since the coding system inserts synchronization codes only
into synchronization code inserting positions periodically
predetermined in a multiplexed code string, which is
obtained by multiplexing kinds of compressed codes, the
decoding system may carry out the synchronization detection
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only at the synchronization code inserting positions, so
that the number of the synchronization code detecting
processes can be decreased in comparison with conventional
syétems for inserting synchronization codes into a code

‘string at optional positions.

In addition, since the probability that a pseudo
synchronization occurs by the variation of the bit string
inputted to the decoding system into the same bit pattern
as the synchronization code, is decreased in accordance
with the decrease of the number of the synchronization code

detecting processes, it is possible to prevent the pseudo

- synchronization according to the present invention, so that

the processing gquantity for the synchronization code
detection decreases. .

(7) According'u:thé seventh coding/decoding
system, in addition to the construction of the sixth
coding/decoding system, the bit insertion in view of the
error of the synchronization code, i.e., the transformation
of the humming distance of the bit string at the
synchronization code inserting position ffom the

- synchronization code is carried out, so that the same bit

pattern as the synchronization code is not contained in the
bit string. Therefore, it is ensured that the error
detection of the synchronization code does not occur with
respect to errors of the Supposed number of bits, so that
the probability of error detection of synchronization codes
can be decreased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of the first and second
préferred embodiments of a dynamic image coding system
according to the present invention.

FIG. 2 is a diagram illustrating a multiplexing
rule in a multiplexer of the dynamic image coding system
of FIG. 1.

FIG. 3 is a block diagram of an output coding unit
of the dynamic image coding system of FIG. 1.

FIG. 4 is a diagram illustrating an example of an
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output code strlng of the dynamic image codlng system of
FIG. 1.

FIG. 5 is a diagram illustrating an example of a
synéhronization code.

FIG. 6 is a block diagram of an error correction-
/detection switching coding part in the output coding unit
of FIG. 3.

FIG. 7 is a block diagram of a code string

' assembling unlt of the output coding unit of FIG. 3.

FIG. 8 is a block diagram of the first and second
preferred embodiments of a dynamic image decoding system
according to the present invention.

FIG. 9 is a block diagram of an input decoding unit
of the dynamic image decoding system of FIG. 8.

FIG. 10 is a block diagram of a code string
resolver of the input decoding unit of FIG. 9.

FIG. 1l is a diagram illustrating an example of a
code string obtained by a conventional error correction-
/detection switching coding system.

FIG. 12 is a diagram illustrating an example of a
synchronization code, in which an error is caused by the
addition/loss of a bit(s) in a transmission line, for
explaining the second preferred embodiment of the present
invention.

FIG. 13 is a diagram explaining the operation of a
bit inserting unit of FIG. 3 in the second preferred
embodiment.

FIG. 14 is a diagram explaining the operations of
a synchronization detector and an inserted bit removing
unit of FIG. 9 in the second préferred embodiment. :

FIG. 15 is a diagram illustrating an example of a
code string, in which a synchronization protection is
carried out using a frame length information in the first
and second preferred embodiments.

FIG. 16 is diagram illustrating another example of
a code string, in which a synchronization protection is
carried out using a frame length information in the first
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and second preferred embodiments.

FIG. 17 is diagram illustrating further example of
a code string, in which a synchronization protection is
carried out using a frame length information in the first
and second preferred embodiments.

FIG. 18 is a block diagram of the third and fourth
preferred embodiments of a dynamic image coding system
according to the present invention.

FIG. 19 is a block diagram of an output coding unit
6f the third preferred embodiment of a dynamic image coding
system according to the present invention.

FIG. 20 is a diagram illustrating an example of an
output code string of the third preferred embodiment of a
dynamic image coding system according to the present
invention. _

FIG. 21 is a block diagram of the third and fourth

preferred embodiments of a dynamic image decoding system

-according to the present invention.

FIG. 22 is a block diagram of an input decoding
unit of the third preferred embodiment of a dynamic image
decoding system according to the present invention.

. FIG. 23 is a block diagram of an output coding unit
of the fourth preferred embodiment of a dynamic image
coding system according to the present invention.

FIG. 24 is a block diagram of an input decoding
unit of the fourth preferred embodiment of a dynamic image
decoding system according to the present invention.

| FIG. 25 is a block diagram of an example of an
output code.string of the fourth preferred embodiment of
a dynamic image coding system-according to the present
invention. '

FIG. 26 is a diagram illustrating a multiplexing
rule in a multiplexer of a dynamic image-coding system.

FIG. 27 is a block diagram of éxamples of output
code strihgs of the fifth preferred embodiment of a dynamic
image coding system according to the present invention.

FIG. 28 is a diagram illustrating other examples of .
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multiplexing rules in a multiplexer of a dynamic image
coding system. )

FIG. 29 is a diagram of an output code string, in
which synéhronization codes are processed when the
multiplexing shown in FIG. 28 is carried out. '

FIG. 30 is a code table for explaining examples of
stuffing bits used for the present invention.

FIG. 31 is a diagram explaining a process in a
decoding system when the stuffing bits of FIG. 30 are used.

FIG. 32 is a diagram explaining the characteristics

of the stuffing bits of FIG. 30.

FIG. 33 is a diagram of examples of output code
strings when a synchronization code inserting interval is
shorter than a synchronization code.

FIG. 34 is a diagram of examples of the use of
sYnchronization codes of different lengths. '

FIG. 35 is a diagram of examples of output code
strings of the sixth preferred embodiment of a dynamic

image coding system according to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring now to the accompanying drawings, the
preferred embodiments of the present invention will be
described below.

(First Preferred Embodiment)

FIG. 1 is a block diagram of the first preferred
embodiment of a dynamic image coding system, according to
the present invention, wherein a coding system having an
error correcting/detecting code switching function of the
present invention is combined with a high-efficiency
compression coding system which uses a motion~compensated
adaptive prediction and a discrete cosine transform coding
serving as a kind of an orthogonal transform coding. A
coding system comprising the combination of a
motion-compensated adaptive predidtion and a discrete
cosine coding is detailed in, e.g., Literature 1
"International Standard of Multimedia Coding" by Hiroshi
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Yasuda, Maruzen (June 1991). Therefore, only the operation
of the coding system will be schematically described. In
addition, it is assumed that information bits are separated
from detection bits in an error correcting/detecting code
similar to a BCH code.

In FIG. 1, with respecf to an input dynamic image
signal 131 serving as an object to be coded, which is
inputted for each frame, a motion-compensated adaptive
prediction is first carried out for each small regibn, such
as a macro block. That is, in a motion-compensated
adaptive predictor 101, a motion vector between an input
dynamic image signal 131 and an image signal, which is
stored in a frame memory 102 and which has been encoded
and/or locally decoded, is detected, and a prediction
signal 132 is produced by the motion-compensated prediction
on the basis of the motion vector. 1In this motion-~
compensated predictor 101, a prediction mode suitable for
coding is selected from the motion-compensated prediction
coding and the intraframe coding (prediction signal = 0),
which directly encodes the input dynamic image signal 131,

.to produce the corresponding prediction signal 132.

. The prediction signal 132 is inputted to a
subtracter 103, wherein the prediction signal 132 is
subtracted from the input dynamic image signal 131 to
output a prediction residual signal 133. The prediction
residual signal 133 is discrete-cosine-transformed (DCT)
in a discfete cosine transformer 104 for each block having
a predetermined size to produce a DCT coefficient. The DCT
coefficient is quantized by'means of a quantizer 105. The
DCT coefficient data quantized by the quantizer 105 are
divided into two parts, brle of which 1is
variable-length-encoded by means of a first variable length
encoder 106, and the other of which is inverse-quantized
by means of an inverse quantizer 107 to be
inverse-discrete-cosine-transformed (inverSe DCT) by means
of an inverse discrete cosine transformer 108. The output
of thé inverse discrete cosine transformer 108 is added to
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the prediction signal 132 in an adder 109 to produce a
locally decoded signal. This locally decoded signal is
stored in the frame memory 102.

On the other hand, the information on the
prediction mode and the motion vector, which have been
determined by the motion-compensated adaptive predictor
101, is variable-length—éncoded by means of a second
variable length encoder 110. The variable 1ength codes
(compressed codes) outputted from the first and second
variable length encoders 106 and 110 are multiplexed by
means of a multiplexer 111 to be outputted as a multipleXed.
code string 201.

The multiplexer 11 outputs thé multiplexed code
string 201, a FEC kind identifying signal 202
representative of the kind of an error correcting/detecting
code corresponding thereto, and a synchronization code
insertion request signal for requesting to insert a
synchronization code. The code string 202, the FEC kind
identifying signal 202 and the synchronization code
insertion request signal 203 are inputted to an output
coding unit 200 for switching and encdding the cdde string
202 to kinds of error correcting/detecting codes of
different error correcting—/detecting capabilities, to
produce a final output code string 205. 1In this preferred
embodiment, the output coding unit 200 corresponds to a
coding system according to the present invention.

FIG. 2 is a diagram illustrating a multiplexing
flow in the multiplexer 111. The multiplexing is carried
out for each coding frame. First, a synchronization code
301 is multiplexed. When the sfnchronization code 301 is
multiplexed, the synchronization code insertion request
signal 203 is outputted from the'multiplexer 111, and the
coding system 200 has notice that the multiplexed code word
is a synchronization code. Then, picture headers 203
representative of various coding modes of the coding frame
are multiplexed to be the multiplexed code string 201.
Then, a prediction mode information 303 representative of



10

15

20

25

30

35

-25-

a prediction mode in a motion-compensated adaptive
predictor MC in each region is multiplexed, and a motion
vector information 304 and a DCT coefficient 305 of a
predictive residual signal (hereinafter referred to as a

. "residual DCT coefficient") are multiplexed. When the

picture header 302, the prediction mode information 303,

fhe motion vector information 304 and the residual DCT
coefficient 305 are multiplexed, the FEC kind identifying

signals 202 representative of the kind of error correcting-

/detecting codes corresponding thereto are outputted.

The érror correcting/detecting codes of high
correct—ing/detécting capabilities are used for the picture
header 302, the prediction mode information 303 and the
motion vector information 304, which greatly deteriorate
the picture quality if an error is mixed. On the other
hand, if an error ié mixed into the residual DCT
coefficient 305, it is possible to prevent the picture

quality from greatly deteriorafing by detecting the error

and setting the residue to be zero. Therefore, the error
correcting capacity is not required to be high, and only
the error detection may be carried out.

FIG. 3 is a block diagram of an output coding unit
of FIG. 1. The output coding'unit 200 comprises a bit
inserting unit 211, an error correction/detection switching
encoder 212 and a code string assembling unit 213. FIG.
4 shows an example of an output code string 205 produced
by the output coding unit 200. In FIG. 4, PSC denotes a
synchronization signal, PH denotes a picture header, MODE
denotes a prediction mode information, MV denotes a motion
vector, CHK denotes a check bit of an error correcting-
/detecting code, DOEF'is a residual DCT coefficient, and
STUFF denotes a stuffing bit (an inserted bit). This

output code string 205 has the following characteristics.

'(l) The synchronization codes PSC are inserted into

"only synchronization code inserting positions indicated by

arrows, which are arranged at regular intervals (every

sync_period bits). The length of the sync__period is set
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to be greater than the length of the synchronization code
PSC and the makimum length of the check bit CHK. The check
bit CHK is shifted so as to be arranged immediately before
the synchronization code inserting position.

(2) The error correcting/detecting code at the end
part of a frame, i.e., a synchronization period between a
synchronization code PSC and the next PSC, is a degenerate
code for encoding only the finally remaining information
bit, and the stuffing bits STUFF having the number of bits
required to_displacg-fhe.check bit CHK (CHK6 in the example
of FIG. 4) are inserted. '

(3) The FEC. kind identifying signal representative
of the kind and number of the error correcting/detecting
codes does not exist in the output code string 205 of FIG.
4,

In this output code string 205, since the check bit
CHK is displaced as described in (1), no check bit CHK
enters the synchronization code inserting positions
indicated by the arrows, so that there is no probability
that a pseudo synchronization is produced by the check bit
CHK. In addition, in a case where the error
correction/detection coding of the end of the frame is
carried out as described in (2), it has been required to
insert many inserted bits (dummy bits) in the prior art.
However, in this preferred embodiment, since the end of the
frame has the degenerate code, the number of inserted bits
may be small. Moreover, as described in (3), since the
header information representative of the kind and number
of the error correcting/detecting codes are contained in
the output code string.205, the amount of codes is not
increased therefor.

Comparing the multiplexed code string 201 of FIG.
2 outputted from the multiplexer 111 with the output code
string 205 of FIG. 4, the construction and operation of the
output coding unit 200 of FIG. 3 for producing such an
output code string 205 will be described in detail below.

When the synchronization code 301 is multiplexed in
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the multiplexer 111, the synchronization code insertion
request signal 203 is outputted as described above. For
example, as shown in FIG. 5, the synchronization code 301
comprises "O"s of sync_0O__len bits, a "1" of one bit, and
a "xxxxx" of sync_nb__len bits representative of the kind
of the synchronization code 301. The output coding unit
200 outputs a synchronization code (PSC) serving as an
output code string 205 from the code string assembling unit
213 when receiving the synchronization codé 301 and the
synchronization code insertion request signal 203 from the
multiplexer 111. .

| As shown in FIG. 4, since the synchronization code
301 can be inserted only at the synchronization code
inserting positions arranged at intervals of sync_ period
bits, when the end of the oufput code string 205 produced
is not arranged at the synchronization code inserting
position, a stuffing bit STUFF is inserted so that the
synchronization code 301 is arranged at the synchronization
code inserting position as described later.

After the synchronization code 301 is outputted to
the output code string 205, the picture header 302, the
prediction mode information 303, the motion vector
information 304 and the residual DCT coefficient 305 are
encoded as follows. The bit insertion into the multiplexed
code string 201 outputted from the multiplexer 111 is
carried out to prevent a pseudo synchronization from
occurring in the bit inserting unit 211. That is, if the
same bit pattern as the code word of the synchronization
code 301 exists in the output code string 201, the bit
insertion is carried out, if necéssary, in order to prevent
the synchronization code 301 froﬁ'béing not able to be
uniformly decoded. For example, in a case where the
synchronization code 301 is a code word having continuous
"O"s of sync_0__len bits as shown in FIG. 5, if a "1" is
inserted so that "0O"s of the sync_0O_ len bits or more do
not continue in code strings other than the synchronization
code 301, it is p.ossible to prevent a.pseudo
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synchronization from being produced.

_ As described above, since the synchronization codes
301 are inserted only at the synchronization code inserting
positions, the bit inserting operations for preventing the
pseudo synchronization from occurring may be carried out
only at the synchronization code inserting positions.
Therefore, a counted value 221 representative of the total
number of bits of the output code strings 205 produced is
outputted from the code string assembling unit 213, and it
is.determined by the bit inserting unit 211 on the basis
of the counted value 221 whether the bit insertion is
required. Assuming that the counted value 221, i.e., the
total number of bits of the output code strings 205
produced, is total__len, the number of "1"s in the multi-
plexed code string 201 is counted in an interval wherein
0 < total__len mod sync_period S sync_0_len. If no "1"

exists in this interval, a "1" of one bit is inserted. A

mod B denotes a remainder when A is divided by B.

In addition, in order to decrease the probability
of the error detection of the synchronization code 301, the
bit insertion may be carried out as follows.

In order to detect the synchronization code 301
even if an error of n bits is mixed into the
synchronization code 301, it is required to determine that
a code word having a hamming distance of n or less from a
true synchronization code in an input decoding unit of a
dynamic image decoding system as described later is a
synchronization code. However, if such a determination is
carried out.while the code strings other than the
synchronization code 301 are as they are, bit patterns
having a hamming distance of n or less from the
synchronization code may exist even in the code strings
other than the synchronization code 301. Therefore, if
this is arranged at the synchronization code inserting
position, it ﬁay be erroneocusly determined to be the
synchronization code 301.

' Therefore, the bit insertion into the multiplexed
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code string 201 is carried out by means of the bit
inserting unit 211, so that the code strings other than the
synchronization codes arranged at the synchronization code
inserting positions in the multiplexed code string 201 are
transformed so as to have a humming distance of 2 * n + 1
or more from the synchronization code 301. Specifically,
the number of "1"s (assumed to be n0) is counted in an
interval wherein 0 < total__len mod sync__period =
sync_0__len - (2 * N # 1). If n0 is equal to or less than
2**n+1, "1"s of 2 *n+ 1 -nD bits are inserted into the
multiplexed code string 201.

Thus, a code string 222, in which the bit insertion
is carried out by means of the bit inserting unit 211,
together with the FEC kind identifying signal 202
representative of the kind of an error correcting/detecting
code, is inputted to the error correcting/detecting code
switching encoding part 212.

FIG. 6 is a block diagram of an error correcting-
/detecting code switching encoding part 212. A latch
circuit 603 is a circuit fof-latching a FEC kind identify-
ing signal 202. When the output of a synchronization code
from the multiplexer 111 to the multiplexed code string 201
is completed to stop the output of the synchronization code
insertion request signal 203, the latch circuit 603 latches
the FEC kind identifying signal 202 to supply a latched
signal 623 to an error correction/detection encoder 604.

An error correction/detection encoder 604 carries
out the error correction/detection coding of a code string
222, which is outputted from a bit inserting unit 211, on
the basis of the latched signa1_623'to output an
information bit 631 and a check bit 632. In addition, when
the error correction/detection coding of one block is
completed, the error correction/detection encoder 604
outputs a latch indicating signal 625, which indicates the
latch of the next FEC kind identifying signal 202, to the
latch circuit 603. The latch circuit 603 latches in
accordance with the'latch indicating signal 625 to supply
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the latched signal 623 to the error correction/detection
encoding'604. )

The aforementioned operation is repeated in the
output coding unit 200, so that the error
correction/detection coding of the bit-inserted code string
222 outputted from the bit inserting-unit 211 is carried
out while switching the error correcting/detecting code in
the error correct-ion/detection switching encoder 212 on
the basis of the FEC kind identifying signal 202 outputted
from the multiplexer 111. Since the FEC kind identifying
signal 202 is latched by the latch circuit 603 only at the
time that the coding of the.error correcting/detecting code
of one.block is completed, the same error
correcting/detecting codes are applied before this
switching peoint. For example, in a case where the picture
header 302 uses an error correcting/detecting code FEC1l and
the prediction mode information 303 uses an error
correcting/detecting code FECZ2, if the number of bits of
the picture header 302 is smaller than the number of
information bits of one block of the FECl, the FEC1l is.uSed
as the error correcting/detect-ing code of the subsequent
prediction mode information 303 until the number of bits
of the picture header 302 reaches the number of information
bits of the FECl.

FIG. 7 is a block diagram of a co.de string
assembling unit 213 of FIG. 3. The code string assembling
unit 213 comprises a counter 701 for counting the number
of bits of the output code string 205, a buffer 702 for
temporarily storing the check bit 632 and the number of
bits thereof, a switch 703 for switching the output code
string 205, and a switch controller 704 for controlling the
switch 703.

.The counter 701 is reset to be a value of a
synchronization code length sync__len when the
synchronization code insertion request signal 203 is
inputted, and counts up sequentially from the next bit of
the synchronization code until the next synchronization
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code is inputted. The switch 703 is operated so that the
information bit 631 is outputted before the initial check
bit 632 is inputted after the synchronization code is

~inputted. When the check bit 632 is inputted, it is stored

in the buffer 702 and the number of bits thereof (the
number of check bits) 711 is outputted from the buffer 702
to the switch controller 704. _ '

The switch controller 704 controls the switch 703
on the basis of the number 711 of check bits and the
counted value 221 of the counter 701 so that the dheck bit
is displaced in order to prevent the check bit 632 from
being outputted to the syhchronization code inserting
position as described above. For example, assuming the
counted value 221 is bit__count and the number 711 of check
bits is check_len, the information bit 631 is outputted
when bit__count mod synq_period < sync_period - check _1
en, and a check bit 713 stored in the buffer 702 is
outputted when sync__period - check_len = total__bits mod
sync__period < sync__period. Thereafter, the
aforementioned process is repeated while the information
bit 631 and the check bit 632 are inputted.

As described above, since the output coding unit
200 uées a degenerate code as an error correcting/detecting
code at the end portion of one frame and performs the bit
insertion to. displace the check bit, it performs operation
different from usual operations of portions other than the
end portion. That is, when the output of the multiplexed
code string 201 of one frame is completed, the multiplexer
111 outputs a synchronization code insertion request signal

203 for the next frame. 1In reéponse thereto, the error

correcting/detecting code 604 in the error correction-
/detection switching encoding part 212 of FIG. 6 performs
the error correction/detection coding using a degenerate
code, assuming that a shortage of the information bits 631
of the error correcting/detecting code is a predetermined
bit pattern outputted from an inserted bit generator 705.
This bit pattern may be a bit pattern wherein all bits are
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"l"s or "O"s, or may be a specific repeated pattern such
as "0101-". This compenéated inserted bits are not
outputted to the information bit 631.°

In the code string assembling unit 213 of FIG. 7,
after the information bit 613 is outputted to the end, the
switch 713 is switched from the bit generator 705 to the
input, and the inserted bits are inserted so that the check
bit 713 stored in the buffer 702 is arranged immediately
before the next synchronization code. Assuming that the
counted value 221 of the counter 701 is total__len when the
last information bit 631 of one frame is outputted and that
the number of the finally outputted chéck bits 632 is
last__check__len, the number of inserted bits stuffing__len
isstuffing_lenf=sync_period-last_Check_len-
(total__len mod sync__period). Furthermore, in a case where
no degenerate code is used, it is required to insert
(into_len - last_into__len) bits, which is a shortage of
the last information bit last__into__leh from the usual
information bit into__len, and to insert a shortage of bits
for displacing the check bit. Therefore, it is required
to insert more inserted bits than those in the use of the
degenerate code, by into_len - last_into__len + (into__len
- last_into__len) mod sync_ period.

| Thus, after the code string assembling unit 213

outputs the information bits 631 and the inserted bits to
the output code string 205 via the switch 703, and it
finally outputs the check bit 713 to the output code string
205. |

The first preferred embodiment of a dynamic image
decoding system, according to tﬁe present invention, will
be described below.

FIG. 8 is a block diagram of a dynamic image
decoding system corresponding to the dynamic‘image coding
system of FIG. 1. The output code string 205 outputted

. from the dynamic image decoding system of FIG. 1 passes
through a transmission/storage system to be inputted to an

input decoding unit 800 as an input code string 205 . In
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this preferred embodiment, the input decoding unit 800
corresponds to a decoding system of the présent invention.

' The input decoding unit 800 switches error
correcting/detecting codes on the basis of a FEC kind
identifying signal 802'representative of the kind of an
error correcting/detecting code outputted from a downstream
demultiplexer 811, to output a code string 801, -which has
been error correction/detection encoded, a synchroni;ation
code detection signal 803 and an error detection signai-
804. The demultiplexer 811 receives the code string 801,
the synchronization code detection signal 803 and the error
detection signal 804 to separately output a prediction

-residual signal 841 and a motion-compensated adaptlve

prediction 1nformatlon code 842.

The prediction residual signal 841 and the
motion-compensated adaptive prediction information code 842
are inputted to first and second variable length decoders
806 and 810, respectively. For a residual DCT coefficient
831 decoded by the first variable length decoder 806; a
series of processeé are carried out, i.e., the inverse
quantization is carried out by means of an inverse
quantizer 807 and the inverse discrete cosine transform is
carried out by means of an inverse DCT unit 808. Then, the

processed residual DCT coefficient is added to a

motion-compensated adaptive prediction signal 832, which
is an output of the motion-compensated adaptive predictor

801, in an adder 809 to be outputted as a reconstructed

image signal 850. The reconstructed image signal 850 is
oufputted to the outside of the system and recorded in a
frame memory 820. The motion-~compensated adaptive
prediction information decoded by the second variable
length decoder 810 is inputted to the motion-compensated
adaptive predictor 801 to produce the motion-compensated
adaptive prediction signal 832.

The aforementioned processes are processes for
producing a dynamic image so as to correspond to the
dynamic image coding.system of FIG. 1. The processes of
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the inverse guantizer 807, the inverse DCT unit 808, the
adder 809 and the frame memory 820 are baéically the same
as those the inverse guantizer 107, the inverse DCT unit
108, the adder 109 and the frame memory 102 although the
realizing means may be different. In addition, the
processes in the first and second variable length decoders
806 and 810, the demultiplexer 811 and the input decoding
unit 800 are inverse processes to those in the variable
length encoders 106 and 110, the multiplexer 111 and the
output coding unit 200, except for the case that an error
is mixed into the code string.

FIG. 9 is a block diagram of the input decoding
unit 800. The input decoding unit 800 comprises a
synchroni-zation detector 901 for detecting a
synchronization code in the input code string_205', a
counter 902 for counting the number of bits of the input
code string 205 , a code string resolver 903 for resolving
a code string into information bits 912 and check bits 913,
an error correction/detection decoder 904, and an inserted
bit remover 905.

The synchronization detector 901 detects synchroni-
zation codes only at the synchronization code inserting
positions on the basis of the counted value 911 of the
counter 902. For example, assuming that the interval
between the adjacent synchroniiation.code inserting
positions is sync_period, the counted value 911 is bit__
count, and the length of the synchronization code is
sync__len, the synchronization detection is carried out
only when 0 < bit__count % sync_period = sync__len.

Furthermore, the synchroniiation code may be
detected in view of errors in the synchronization code.

In the bit inserting unit 211 of the output coding
unit of FIG. 3, if the code string is transformed by
inserting bits so as to have a humming distance of 2 * n
+ 1 or more from the synchronization code in view of errors
of n bits or less, even if it is determined that the code
string having a humming distance of n or less from a true
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synchronization signal is a synchronization code, error
synchronization detection does not occur when the error of .
n bits or less is mixed.

FIG. 10 is a block diagram of the code string
resolver 903. The input code string 205 is switched into
information bits 1021 and check bits 913 by means of a
first switch 1002 controlled by a controller 1001 which
will be described later. When the information bits 1021
are outputted from the first switch 1002, an infoimation
bit length of the information bits 1021 are transmitted to
a buffer 1004 via a second switch 1003 to be stored
therein. A counter 1005 counts the number of output bits
from the second switch 1003. A comparator 1006 compares
a counted value 1023 of the counter 1005 with an
information bit length 1024 outputted from an error
correct-ing/detecting code information output unit 1007.
When both are the same, the cbunter 1005 is reset, the FEC
kind identifying signal 802 representative of the kind of
an error detecting/correcting code is latched by means of
a latch circuit 1008, and the buffer 1004 outputs the
information bit 904. The output 914 of the latch circuit
1008 is inputted to the error correcting/detecting code
information output circuit 1007, and outputted to the error
correction/detection decoder 904 shown in FIG. 9.

As described above, the check bits of the error
correcting/detecting code are displaced to be arranged
between the information bits of the error correct-
ing/detecting code after the code string 205. The
controller 1001 controls so that the displaced check bits
are separated from the information bits. When the input
of the information bits of the error corrécting/detecting
code of one block is completed, the counted value 1023
corresponds to the information bit length 1024 in the
comparator 1006. In response thereto, the controller 1001
receives a check bit length 1025 from the error correct-
ion/detection information output-unit 1007, and calculates
the positions of the check bits arranged between the next
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information bits. When it is determined by the comparator
1006 that both correspond to each other, assuming that the
counted value 911 of the number of input bits of the code
string 205' is bit__count and the check bit length is
check__len, the check bit starting position check__start is
check__start = (bit__count / sync__period + 1) * sync__per
iod - check__len, and the check bit end position check__end
is check__end = (bit_count / sync_period__ + 1) * sync_
period. The-controller 1001 controls the switch 1002 =1e]
that the check bits 913 are outputted from the check__staft
to the check__end of the counted value 911.

Since the end of one frame is a degenerate code and
the error correction/detection encoding thereof is carried
out, it is specially processed. When reaching the end of
one frame, a signal 803 representative of the detection of
the next frame is outputted. In response to this signal
803, the controller 1001 calculates the positions of the
check bits of the last error correcting/detecting code of
the frame and the number of insufficient bits of the
information bits. It is assumed that the counted value 911
of the number of bits of the code string 205' inputted when
starting to input the last error correcting/detecting code
of one frame is pre__last__count, the counted value 911 when
the input of the code string 205' of one frame is completed
is total__count, the counted value 911 during the process
is bit_count, the check bit length of the last error
correcting/detecting code of one frame is last__check_len,
and the check bit length of the error correcting/detecting
code immediately before of the last error
correcting/detecting code is pre;_last;_check__len. First,
the excesé and deficiency of information bits due to the
error correcting code being a degenerate code and due to
the insertion'of bits is calculated. Among the information
bits of the last error cbrrecting/detecting code of one
frame, the number of bits contained in the output code
string 205, last_info_len, is last__info__len = total_co
unt - last__check__len - pre_last__count - pre__last_ _chec
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k__len. When last__info__len is shorter than the
information length of the error correcting code info__len,
it is determined that the error correcting code is a
degenerate code. In addition, when the counted value 1023
is in the range of from last__into__len to info__len, the
switch 1021 is switched to a bit pattern outputted from an
inserted bit generator 1015, to make up for the deficiency
of information bits due to degeneracy. The output bit
pattern from the inserted bit generator 1015 generates the‘
same bit pdattern as that of the inserted bit generator 705
of FIG. 7 of the encoder. -

On the other hand, when last__info__len is longer
than info__len, it is determined that the error correcting
code is the inserted bit part, so that the information bits
912 are not outputted for the portion wherein the counted
value 1023 is equal to or greater than info__len. With
respect to the check bits, the switch 1002 is controlled
so as to output, as check bits, the output code string 205
when total__count - check_len < bit__count £ total_ count.

The error correction/detection decoder 904 receives
the information bits 912 and the check bits 913, which are
outputted from the code string resolver 903, and decode the
error correcting/detecting code on the basis of the FEC
kind identifying signal 914 repfesentative of the kind of
the error correcting/detecting code latched by the latch
circuit 1008 of FIG. 10, to output an error corrected code
string 915 and an error detection signal 804.

The error corrected code string 915 is inputted to
the inputted bit remover 905. The inserted bit remover 905
removes the inserted bits fof preventing the pseudo
synchronization signal inserted by the bit inserting unit
211 of the output coding unit 200. As described above,
since the bit insertion is carried out only at the
synchronization inserting position, the synchronization
inserting position is determined on the basis of the
counted value 911 of the counter 902.

For example, when-the synchronization code word is
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that shown in FIG. 5 and when the bit inserting unit 211
inserts bits into the portion "0000" of the first
sync__len bits of the synchronization code so that the
humming distance from the synchronization code is greater
than 2 * n + 1, the number of "1"s (= n0) of "sync_0__len
- (2% n+1)" bits from the synchronization code inserting
position is counted. When the nO is egual to or less than
2%n+1, 2*n+ 1 - n0 bits are removed. However, since
it is determined that the inserted bit is "1", when ‘the bit
determined as the inserted bit by the inserted bit removing
unit 905 is "0", it is considered that an error is mixed
in the synchronization code inserting interval. In this
case, the error detection signal 804 is outputted.

Thus, the code string 801 decoded by the input
decoding unit 800 is inverse multiplexed by means of the
demulti-plexer 811. This is operation for separating and
output-ting the multiplexed code word as shown in FIG. 2.
This inverse multiplexer 811 works with the first and
second .variable length decoders 806 and 810.

First, when the synchronization code detection
signal 803 is inputted from the output decoding system 800,
the demultiplexer 811 returns to the initial state of the
frame process. Then, the kind of the error
correcting/detecting code to the picture header is
outputted as the FEC kind identifying signal 802
representative of the kind of the error
cofrecting/detecting code, and the code string 801 is
inputted to decode the picture header 302, so that it is
determined whether there is no error in the picture header.
When there is no error, the kind of the error correcting-
/detecting code to the prediction mode information 303 is
outputted as the FEC kind identifying signal 802, and the
code string 801 is inputted to demultiplex the prediction
mode information to output it to the second variable length
decoder 810. '

When all the prediction mode information is
decoded, the second variable length decoder 810 outputs a
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signal representative thereof to the demultipleker 811.
In response thereto, the demultiplexer 811 outputs a FEC
kind identifying signal representative of the kind of an
error correcting/detecting code to the motion vector
information 304, and starts the demultiplexing of the
motion vector informatiqn 304. The demultiplexed motion
vector information is"outputted to the second variable
length decoder 810 to be decoded. When the decoding of all
the motion vector information is completed; & signal
representative thereof is outputted from the second
variable length decoder 810 to the demultiplexer 811. 1In
response thereto, the demultiplexer 811 outputs a FEC kind
identifying signal representative of the kind of an error

correcting/detecting code to the residual DCT coefficient,

and demultiplexes the residual DCT coefficient 305 which
is outputted to the first variable length decoder 806.

As described above, the kind of the error
correcting-/detecting code is determined on the basis of
the multiplexing rule which is defined in the demultiplexer
811 so as to be'the same as that of the output coding unit
200. Therefore, the output code string 205 is not required
to contain the header information representative of the
error correcting/detecting code and so forth.

In the error correction/detection decoder 904, it
may be detected by the error detection code that an error
is mixed in the'input code string 205 . In.addition, as
described above, an error of the inserted bits may be
detected by the inserted bit removing unit 905. In these
cases, the error detection code 804 is outputted from the
input decoding unit 800. Moreover, when a code word, which
does not exist in the variable length code word table, is
detected in the variable length decoding process, it is
determined that an error is mixed. In addltlon, when it
is determined that a part is against the multiplexing rule
in the demultiplexing process in the demultiplexer 811, it
is determined that an error is mixed. In these cases, the

‘input decoding unit 800 and the demultiplexer 811 carry out
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the following processes so as not to greatly deteriorate
the reconstructed image. )

(1) When an error is detected in the residual DCT
coefficient, the residue of the corresponding part is set
to be 0. When a intra coding mode is selected as a
prediction mode, the reconstructed image signal in the
corresponding region may be predicted on the'basis of the
reconstructed image signal in the reconstructed frame and
the surrounding region. ' T

{(2) In a case where an error is detected.in the
prediction mode information and the motion vector, when the
prediction mode information and the motion vector
information in the region, in which the error is detected,
can be presumed on the basis of the prediction mode
information and the motion vector information in the
surrounding region, the presumed information are used.
When it is impossible, the reconstructed image signal in
the corresponding region is predicted on the basis of the
reconstructed image signal in the reconstructed frame and
the surrounding region.

(3) When an error is detected in a picture header,
if the picture header is used as it is, there is
probability that the picture quality is very greatly
deteriorated. Therefore, the reconstructed image of the
last frame is used as the reconstructed image of the
current frame.

In the aforementioned processes (1), (2) and (3),
when the error has the influence on the subsequent codes
to the next synchronization code because of the use of the
variable length coding, the same'processes are carried out
for that portion.

While it has beén described that the
synchronization code detector 901 detects synchronization
codes only at the synchronization code inserting positions
(at intervals of synq_period bits), the loss of bits

and/or the insertion of error bits may occur in a

transmission/storage medium. In such a case, the
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synchronization codes may be detected at positions other
than the synchronization code inserting positions, and it
may be determined that the positions, at which the
synchronization codes are detected, are synchronization
code inserting positions.

(Second Preferred Embodiment)

Referring to FIGS. iZ-through 14, the second
preferred embodiment of the present invention will be
described below. C A '

In this preferred embodiment, a dynamic image
coding system and a dynamic image decoding system can
surely detect syhchronization even if a code string is
transmit-ted/stored in a transmission line/storage medium
in which the number of bits is decreased due to the loss
of a part of a bit string or the number of bits is
increased due to the addition of excessive bits. '

FIG. 12 is a block diagram showing the principle of
a process for detecting synchronization when such addition-

./loss of bits occurs. It is assumed herein that the right

synchronization code comprises "O"s of sync_0__len bits and
a "1l" of one bit as shown in FIG. 12(a). Furthermore, in
FIG. 12, "x" denotes a bit other than a synchronization
code. '

FIGS. 12(b) through 12(e) show how the
synchronization code is changed by the addition/loss of
bits. It is assumed herein that the nﬁmber of added/lost
bits (Nid) is one bit at the maximum. FIG. 12(b) shows
that one bit is eliminated from a bit string before a
synchronization code, so that the whole synchronization
code is shifted forwards by the 6ne bit. FIG. 12(c) shows
that one bit is added to a bit string before a
synchronization code, so that the whole synchronization
code is shifted backward by the one bit. FIG. 12(d) shows
that a bit is eliminated from a synchronization code, so
that the bits after the bit eliminating position indicated
by the arrow are'shifted'forWard by one bit. Moreover,
FIG. 12(e) shows that one bit is added to a synchronization
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code at the bit adding position indicated by the arrow, so
that the bits after the bit adding position are shifted
backwards by the one bit. '

' In order to correctly detect synchronization even
if the addition/loss of bits occurs, it is required to
determine that the bit strings shown in FIGS. 12(b) through
12(e) are synchronizatien codes. As can be seen from FIG.
12, the number of "1"s contained in the interval of XNid
bits at the righr synchronization code inserting positions
is sync__0_1len - 3*Nid bits at the maximum. Therefore,
synchronization may be detected in the interval of INid
bits at the synchronization code inserting positions on the
decoding side, and if the number of "1"s contained in this
range is less than the aforementioned value, it may be
determined to be a synchronization code. In addition, in
the coding system, code strings are transformed so that bit
patterns of FIGS. 12(b) thrbugh 12(d) do not occur.

Mainly with respect to the difference from the
first preferred embodiment, such coding/decoding systems
will be described below.

The whole construction of the second preferred
embodiment of a dynamic image coding system, according to
the present invention, is the same as that of the first
preferred embodiment of a dynamic image coding system,
except for the operation of the bit inserting unit 211 of
FIG. 3. FIG. 13 shows the operation of the bit inserting
unit 211. That is, in the bit inserting unit 211 in the
firsf preferred embodiment, the bit inserting operation is
carried out only at the synchronization code inserting
interval. On the other hand, in.the bit inserting unit 211
in the second preferred embodiment, the bit insertion is
carried out in a synchronizétion code inserting interval

.of INid bits in order to prevent the same bit pattern as

the synchronization code from being produced even if the
addition/loss of Nid bits occurs at the maximum.

Assuming that the counted value 221 in FIG. 3 is
total _len and the interval between the adjacent
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synchronization code inserting positions is sync__period,
the bit inserting unit 221 counts the number of "1l's
(assumed to be =n0) in the region of total__len mod
sync__period = sync_0_len - 1 - 3 * Nid on the basis of
total__len mod sync__period = sync___per-iod ~ Nid (mod:
excess operation), and inserts "1l"s of "3 * Nid + 1 - nO"
if n0 is less than 3 * Nid + 1.

FIG. 13 shows an example of the operation of the
bit inserting unit 211 when_synq_period'= 12, synd_JL_len
= 9, and Nid = 1.  In this example, since n0O = 2, "1l"s of
3 * Nid + 1 - n0 = 2 bits are inserted.

By such bit insertion, it is ensured that the
number of "0"s of *Nid bits in the synchronization code
inserting interval is equal to or greater than 3 * Nid
bits, so that it is possible to uniformly identify
synchronization codes. '

On the other hand, the whole construction of the
second preferred.embodiment of a dynamic image decoding
system, according to the present inventioh, is the same as
that of the first preferred embodiment, except for the
operations of the synchronization detector 901 and the
inserted bit remover 905 in FIG. 9. FIG. 14 shows the
operation of an inserted bit remover 905.

That is, the synchronization detector 901 detects
synchronization codes in the range of INid bits before and
after the synchronization code inserting position, in order
to detect synchronization even if the addition/loss of Nid
bits occurs at the maximum.

First, it is determined.whether synchronization
codes exist at every synchronization code inserting
position. That is, assuming that the counted value 911 of
the counter 902 is bit__count, the number of "O"s (assumed
to be = nsO0) in the range of bit__count mod sync_ period =
sync__0O_len - 1 + Nid is counted on the basis of bit_ count
mod sync_period = sync_period - Nid. When nO is below 3
* Nid, it is determined that a sYnchronization code exists
in this region.
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FIG. 14 shows operation when sync__period = 12,
sync_O_len = 9, and Nid = 1. In this example, the number
of "O"s is counted in the range that (bit__count mod
sync__period) is from "1" to "8". In the example of FIG.
14, since nsO0 = 2, it is determined that a synchronization
code exists.

Then, it is determined what bits the code String is
shifted by the addition/loss of bits in the synchronization
code inserting interval, in which it is determine that a
synchronization codes exists. In the case of sync_0O_len
bits shown in FIG. 14, the shifted amount from the poéition
of the last "1" is determined. Specifically, after
searching a "1" which first appears from the (sync_0O_1len
+ 1 bits) th from the head of the synchronization code
determining region, it is derived which bit thé searched
"1" is from the head of this synchronization code
determining region (assuming that this is first__1_ position
bit). On the basis of the derived results, the shifted
amount is derived from "the number of shifted bits =
first__1_pos -~ (sync_JL_ien + 1 + Nid)" (forward shift in
the case of negative, and backward shift in the case of
positive). In the example of FIG. 14, since first__1_ pos
= 10, the number of shifted bits = 10 - (9 + 1 + 1) = -1,
so that it is found that the code string is shifted forward
by one bit. '

.Unlike the first preferred embodiment, in the
inserted bit remover 905, the inserted bit removing process
is carried out in the interval of *Nid bits before and
after the synchronization code inserting position. That
is, on the basis of bit__count ﬁod sync__period = sync__pe
riod - Nid, the number of "1"s (assumed to be =n0) is
counted in the region of bit__count mod sync__period =
sync_0_len - 1 - 3 *#* Nid. When the n0 is equal to or less
than 3 * Nid + 1, the "1"s of 3 * Nid + 1 - n0O bits are
removed. '
' In the second preferred embodiment, if the region,
in which the addition/loss'of'bits occurs in a transmission
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line or a storage medium, can be determined by some method,
the synchronization detecting process, the bit inserting
process and the bit removing process, which consider the
addition/loss of bits, may be carried out only in that
region.

Furthermore, also in the dynamic image decoding
system in the first preferred embodiment as described
above, the synchronization detection corresponding to the
addition-/loss of bits in a transmission liné and/or a
storage medium is carried out. Therefore, the
synchronization detector 901 may detect synchronization in-
the synchroni-zation code inserting interval, i.e., in the
interval of *Nid bits, similar to the second preferred
embodiment. In this case, although a pseudo
synchronization, which is erroneocusly determined to be a
synchronization code while being a portion other than the
synchronization code, may be produced, it is possible to
inhibit the quality of a reproduced image from being
deteriorated due to synchronization detection error in a
transmission line and/or a storage medium which tends to
cause the addition/loss of bits, so that the picture
gquality can be improved.

In addition, if the region, in which the
addition/loss of bits occurs in a transmission line and/or
a storage medium, can be determined by some process, that
process may be carried out only in that region, and a usual
synchfonization detection may be carried out in other
regions.

Moreover, in the first and second preferred
embodiments as described above; the synchronization may
further protected using information representative of the
length of a frame (which will be hereinafter referred to
as a "frame length information"). FIGS. 15, 16 and 17 show
examples of code strings using a frame length information
POINTER. '

In the example of FIG. 15, a frame length
information POINTER and a check bit CHKP of an error
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correcting/detect-ing code for protecting the frame length
information POINTER are arranged immediately after a
synchronization code PSC. The number of bits of the last
frame, i.e., information representative of the number of
bits from the synchronization code of the last frame to the
synchroni-zation code of the current frame, is stored in
the frame length information POINTER.

The coding system counts the number of bits a code
string of one frame to transform the counted number into
a frame length POINTER, and carries out the error
correction-/detection encoding to produce a check bit CHKP.
Then, as shown in FIG. 15, the coding system produces a
code string immediately after the synchronization code of
the next frame. _

On the other hand, after the decoding system
detects synchronization codes by the same method as those
in the first and second preferred embodiments, it takes the
subsequent frame length information POINTER and the check
bit CHKP out of the code string, and carries out the error
cofrection/detection decoding to decode the frame length
information POINTER. Then, the decoded frame length
information POINTER is compared with a value derived by
counting the number of bits from the last detected
synchronization code to the current synchronization code
(frame length counted wvalue), to check whether there is no
error detection of synchronization codes.

If the frame length counted value is different from
the code length of the last frame indicated in the frame
length information POINTER, there is probability that a
synchroni-zation code is erroneoﬁsly detected, so that the
erroneously detected synchronization code is detected again
using the frame length information POINTER. That is, it
is assumed that a synchronization code, which could not
detected, exists before the current synchronization code
by the number of bits indicated by the frame length
information POINTER. In this case, the interval between
the last detected synchronizétion code and the current
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synchronization code is divided into two frames, i.e., the
interval between the last synchronization code and the
position indicated by the frame length information POINTER,
and the interval between_the position and the current
synchronization code, to carry out the decoding'process;

However, if the number of bits indicated by the
frame length information POINTER is greater than the number
of bits from the last detected synchronizafion code to the
current synchronizat;ph$code,_it is assumed that the frame h
length information POINTER is erroneous, so that the
aforementioned synchronization re-detecting process is not
carried out.

If the numbers of bits of the frame length
information POINTER and the check bit CHKP are great, the
synchronization code'PSC, the frame length information
POINTER, and the check bit CHKP may extend in a plurality
of synchronization intervals as shown in FIG. 16. In this
case, the bit inserting process in the coding system and
the bit removing process in the decoding system, which are
performed in order to maintain a constant humming distance
between a code string other than a synchronization code and
the synchronization code, may not be carried ouf in an
interval in which the frame length information POINTER and
the check bit CHKP exist.

In the examples of FIGS. 15 and 16; in a case where
the end half of a synchronization code PSC contains
information representative of the kind of the
synchronization code (the distinction between a frame
synchronization code, a GOB synchronization code and so
forth), the frame length informétion POINTER is not only
protected, but the end half of the synchronization code PSC
may be also protected by an error correcting code. Thus,
since the kind of a synchronization code can be accurately
detected in addition to the position of the synchronization
code, the resistance to errors cén be further improved.

In the e.xample of FIG. 17, a frame length
information POINTER and a check bit CHKP are arranged at
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the end of a frame (immediately before a synchronization
code in the next frame). In this case, after the decoding
system detects the synchronization code in the next frame,
it takes out a frame length information POINTER and a check
bit CHKP immediately before the detectéd synchronization

.code to cafry out the error correction/detection decoding,

to carry out the re-detection of the synchronization code
by the same processes as those of FIGS. 15 and 16.

In the example of FIG. 15, since the
synchronization codes exist only at the synchrdnization
code inserting positions, the frame length information
POINTER to be recorded may be a value derived by dividing
the number of bits of the frame by a synchronization code
inserting interval (= sync_period bits). Thus, the frame
length can be indicated by a smaller number of bits. '

In addition, in the first and second preferred
embodiments, while there has been shown examples of a
hierarchical coding for changing an error correcting-
/detecting code in accordance with the importance of the
coded information, the same error correcting/detecting code
may be used in the frame, or no error correcting/detecting
code may be used. In such cases, it is possible to improve
the capability to detect synchronization in comparison with
conventional systems, by using the bit inserting process
for maintaining a code string other than a synchronization
code at a humming distance greater than a predetermined
value from the synchronization code, and the synchroniza-
tion code detecting process corresponding to the bit
inserting process, as described in this preferred
embodiment. . .

In addition, in the aforementioned preferred
embodiments, while it has been shown that a dynamic image
signal is high-efficiency compression encoded to be
transmitted/stored, the present invention may be applied
to the transmission/storage of a static image, voice, data
or the like. For exampie, when the high-efficiency
compression coding of a static image signal is carried out
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using the orthogonal transform, the error correcting-
/detecting code may be switched so as to more strongly
carry out the error protection of a low component of a
transform coefficient. In the method for modeling and
encoding voice into a driving source and a vocal tract
filter, the error correcting/dgyecting code may be switched
so as to more strongly carry out the error protection of
a pitch cycle, a vocal tract parameter and so forth.
(Thlrd Preferred Embodiment)

The thlrd preferred embodiment of the present
invention w1ll be described below. In this preferred
embodiment, the error correcting/detecting code is nof
used. At this point, this preferred embodiment is
different from the first and second preferred embodiments.

FIG. 18 is a block diagfam of a dynamic image
coding system in this preferred embodiment. Using the.same
reference numbers as those in FIG. 1 for the parts
corresponding to those in FIG. 1, the different points from
the first preferred embodiment will be mainly described.
In this preferred embodiment, the construction and
operation of an output coding unit 200 are different. In
addition, although the basic operation of a multiplexer 111

is the same as the multiplexer 111 of FIG. 1, the

multiplexer 111 in this preferred embodiment outputs only
a multiplexed code string 201 and a synchronization code
insertion request signal 203 since the error correcting-
/detecting code is not.used.

FIG. 19 is a block diagram of the output coding
un1t 200 of FIG. 18. The output coding unit 200 comprises
a counter 1701 for counting the number of bits of an output
code string 205, a switch 1703 for switching the output
code string 205, a switch controller 1704 for controlling
the switch 1703, and a stuffing bit generator 1705 for
genérating stuffing bits.

FIG. 20 shows an example of an output code string
205 generated by the output coding unit 200 of FIG. 19.
The same signs as those in FIG. 4 are used for code words
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corresponding to those of the output code string of FIG.
4. Similar to FIG. 4, each of synchronization codes PSC
is inserted only at any one of synchronization code
insérting positions, which are arranged periodically, i.e.,
at regular intervals (sync__period bits) and which are
indicated by arrows. FIG. 20 does not contain the check
bit CHK for the error correcting/detecting code. At this
point, FIG. 20 is different from FIG. 4. A stuffing bit
STUFF is inserted into the end part of one frame of the
output code string 205 so that a synchronization code PSC
is inserted at the synchronization code inserting position.
The number of bits of the stuffing bit STUFF is equal to
or less than sync_period.

The construction and operation of the output coding
unit 200 of FIG. 19 for producing such an output code
string 205 will be described in detail below.

The counter 1701 is set to be "1" when a
synchronization code insertion request signal 203 is
inputted from a multiplexer 111 thereto and an initial bit
of a synchronizétion code 301 is inputted thereto as a
multiplexed code string 201, and it is set to be a
synchronization code length sync__len when all the bits of
the synchronization code 301 are inputted thereto.
Thereafter, the counter 1701 counts up sequentially from
the next bit of the synchronization code 301 until a bit
immediately before the next synchronization code is
outputted.

When bits £from the initial bit of the
synchronization code to the bit before the next
synchronization code are inputfed as a multiplexed code
string 201, The switch controller 1704 controls the switch
1703 so as to switch the switch 1703 to the multiplexed
code string 201 to output the multiplexed code string 201
as an output code string. 205. '

Then, at the last part of one frame, the bit
insertion (bit stuffing) is carried out so that the next
synchronization code_is'inserted at the syhchronization
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code inserting'position. The multiplexer 111 output a
synchronization code insertion request signal 203 for the
next frame when the output of the multiplexed code string
201 of one frame is completed. In response thereto, the
switch controller 1704 switches the switch 1703 to the
stuffing bit generator 1705 to output a stuffing bit 1223
as an output code string 205. The stuffing bit 1223 may
have all the bits of "1" or "O", or a specific pattern such
as "0101-". _ )

This preferred embodiment of a dynamic image
decoding system, according to the present invention, will
be described below. _

FIG. 21 is a block diagram of a dynamic image
decoding system corresponding to the dynamic image coding
system of FIG. 18. Using the same'reference numbers as
those in FIG. 8 for parts corresponding to those in FIG:
8, the different points from the first preferred embodiment
will be mainly described. 1In this preferred embodiment,

the construction and operation of an input coding system

800 are different from those in the first preferred
embodiment. In addition, signals inputted from the input
decoding unit 800 to a demultiplexer 811 are only a code
string 801 and a synchronization code detection signal 803,
and no signal is inpufted from the demultiplexer 811 to the
input decoding unit 800. _

FIG. 22 is a block diagram of the input decoding
unit 800. The input decoding unit 800 comprises a
synchroniza-tion detector 1901 for detecting a
synchronization code in an input code string 205 , and a

~counter 1902 for counting the number of bits of the input

code string 205 . .

The counter 1902 is reset to be "O" at the initial
stage of decoding, and counts up a counted value 1911 for
each "1" every time one bit of the input code string 205
is inputted. '

ThesynchronizationdetectorlQOldetects
synchroniza-tion codes only at the.synchronization code
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inserting positions on the basis of the counted value 1991
of the counter 1902. For example, assuming that the
synchroni-zation code inserting interval is sync__period,
the counted value 1911 is bit__count, and the length of the
éynchroni—zation code is synq_len,'the synchronization

-detection is carried out only when 0 < bit__count mod

sync_period £ sync__len, wherein A mod B denotes a
remainder when A is divided by B. The synchronization
detector‘1901 outputs a"synchrbnization code deteéfion
signal 803 when a synchroni-zation code is detected.

The code stfing 801 from the input decoding unit is
inputted to the multiplexer 811 while the input code string
205 is outputted as it is. Thereafter, similar to the
dynamic image decoding system of FIG. 21, the
demultiplexing and decoding processes are carried out.

In a case where the last stuffing bit STUFF of the
frame is a predetermined bit pattern, it is determined
whether the stuffing bit STUFF corresponds to a
predetermined pattern in the demultiplexer 811. When it
does not correspond thereto, it is determined that there
is an error in the input code string'205' , so that the
process for preventing the picture quality from being
greatly deteriorated, which has been described with respect
to the dynamic image coding system in the first preferred
embodiment, may be carried out.

(Fourth Preferred Embodiment)

The fourth preferred embodiment of the present
invention will be described below. '

In this preferred embodiment, the whole
construction of a dynamic image'coding system is the same
as that of the dynamic image coding system of FIG. 18, and
the operation of an output coding unit is different from
that in the third preferred embodiment.

_ FIG. 23 is a block diagram of an output coding unit
200 in FIG. 18. Using the same reference numbers for parts
corresponding to those of the output coding unit of FIG.
19, the difference from the output coding unit of FIG. 19
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is that a bit inserting unit 1211 for carrying out the bit
stuffing process for preventing a pseudo synchronization
code is added. ' |

In the bit inserting unit 1211, the bit insertion
for preventing a pseudo synchronization for occurring is
carried out for the multiplexed code string 201. Since it
is not possible to uniformly decode a synchronization code
if the same bit pattern as the synchronizétion code is
contained in the output code string 205, thé"biﬁiiﬁéeftion
is carried out in order to prevent this. For example, as
shown in FIG. 5, when the synchronization code comprises
"O"s of sync_0O__len bits, a "1" of one bit and "xxxxx" of
sync__nb__len bits representative of the kind of the
synchronization code, it is possible to prevent a pseudé
synchronization from occurring if a "]" ig inserted so that
"O"s of sync__0__len bits or more are not continuously
arranged in the codefstring other than the synchronization
code. '

The synchronization code is inserted only into the
synchronization code inserting system. Therefore, the bit
inserting operation for preventing the pseudo synchroniza-
tion from occurring may be carried out only at the synchro-
nization code inserting positions. Thus, it is determined
whether it is required to carry out the bit insertion on
the basis of a counted value 1221 representative of the
total number of bits of an output code string 205.
Assuming that the counted value 1221 is total_.len, the
number of "1"s in the multiplexed code string 201 is
counted in an interval of 0 < total__len_mod_sync_ _period
= sync_0_len. If no "1" exisfs in this interval, a "1"
of one b.it_ is inserted. Herein, A mod B denotes a
remainder when A is divided by B.

In addition, in order to decrease the probability
of the error detection of a synchronization code due to
error, the bit insertion may be carried out as follows.

In order to detect a synchronization codes even if
an error of n bits is mixed into the synchronization code,
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it is required to determine that a code word having a
hamming distance of n or less from a true synchronization
code in an input decoding unit of a dynamic image decoding
syétem aé described later is a synchronization code.
However, if such a determination is carried out while the
code strings other than the synchronization code are as
they are, bit patterns having a hamming distance of n or
less from the synchrohization-code may exist even in the

.code strings other than the synchronization code. If this

is arranged at the synchronization code inserting position,
it may be erroneously determined to be the synchronization
code.

Therefore, the following bit insertion into a
multiplexed code string 201 is carried out by means of a
bit inserting unit 211, so that the code strings other than
the synchronization codes arranged at the'synchronization
code inserting positions in the multiplexed code string 201
are transformed so as to have a humming distance of 2 X n
+ 1 or more from the synchronization code. Specifically,
the number of "1"s (assumed to be n0) is counted in an
interval in which 0 < total__len mod sync__period =
sync_0_len - (2 X N+ 1). If nO is less than 2 X n + 1,
"l1"s 0of 2 Xn+1-n0bits are inserted into the
multiplexed code string 201.

With respect to a code string 1222, in which the

‘bit insertion has been thus carried'out, the bit insertion

(STUFF in FIG. 20) is carried out in the last interval of
the frame similar to the output coding unit of FIG. 19, to
be outputted as an output code string 205.

This preferred embodiment of a dynamic image
decoding system, according to the present invention, will
be described below. The whole construction of this dynamic
image decoding system is the same as that of the dynamic
image decoding system of FIG. 21, and the operation of an
input coding system 800 thereof is different from that in
the third preferred embodiment.

FIG. 24 is a block diagram of an input decoding
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unit 800. Using the same reference numbers for parts
corres-ponding to those of an input decoding unit of FIG.
22, the difference between this preferred embodiment and
the'third'preferred embodiment will be mainly described.
In this preferred embodiment, a bit removing.unit 1905 is
added. '

An input code string 205 is inputted to an
inserted bit remover 1905, and a process for removing
inserted bits is carried out in order to prevent a pseudo-
synchronization code inserted by a bit inserting unit 1211
of the output coding unit of FIG. 23. As described above,
since the bit insertion is carried out only at the
synchronization code inserting positions, the synchroniza-
tion code inserting positions are determined on the basis
of a counted value 1911 of a counter 1902.

For example, assuming that the synchronization code
is a code word shown in FIG. 5§ and when the bit inserting
unit 1211 carries out the bit insertion into the initial
portion "0000 " of the synchronization code so that the
humming distance from the synchronization code is greater
than 2 X n + 1, the number of "l1l"s of sync__0_len - (2 X
n + 1) bits from the synchronization code inserting
position is counted. When the nO is less than 2 X n + 1,
2 X n+ 1 - n0 bits are removed.

Since it is determined that the inserted bit is
"1l", when the bit determined to be the inserted bit is "0",
it is considered that an error is mixed in the
synchronization code inserting interval. In this case, en
error detection signal (not shown) may be outputted to a
demultiplexer 811, and the same process as that in the
first preferred embodiment may be carried out so as to
prevent a reproduced image from being greatly deteriorated.

The bit inserting process by the bit inserting unit
1211 of FIG. 23 ‘may be carried out so that the inserted
bits of a predetermined number of bits are inserted into
all the synchronization code inserting intervals other than

the synchronization code. FIG. 25 shows an example of an
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output code string 205 when such a bit inserting process
is carried out. In the drawing, SB denotes an inserted
bit. _
' For example, as shown in FIG. 5, when a
synchronization code comprises "O"s of sync__O_len bits,

a"1l" of one bit and "xxxxx" of sync__nb__len bits-
representative of the kind of the synchronization code, an
inserted bit SB of one bit is inserted at a predetermined
position of an interval of sync__0_len bits from the head
of the synchronization code inserting interval.

The inserted bit SB may be élways "1". In
addition, in accordance with a bit pattern in an interval
of sync__0__len bits from the head of the synchronization
code inserting interval, the inserted bit SB may be
suitably determined so that the number of "1"s in the
interval is equal to or greater than 1.

Moreover, the inserted bit SB may be an odd parity
in an interwval of sync_0__len bits from the head of the
synchronization code inserting interval, to prevent the
same bit pattern as the synchronization code from occurring
and to detect an error mixed into this bit pattern.

FIG. 25(b) shows an example of an output code
string, in which such a bit inserting process is carried
out. In this example, an inserted bit SB of 1 bit is
inserted into the initial portion from the synchronization
code inserting position. This inserted bit SB is
determined so that the number of "1"s in an interval of the
inserted bit SB and sync__0__len - 1 bits from the next bit
is always an odd number. For example, in the left example
of FIG. 25(b), the inserted bit SB is "1". In addition,
in the right example of FIG. 25(b), since the inserted bit
SB is "1" even if all the bits are "0" in the interval of
sync_0_len - 1 bits from the next bit to the inserted bit
SB, "1"s of 1 bit or more always exist in the

'synchronization code inserting interval, so that the same
bit pattern as the synchronization code is not produced.

In addition, since the inserted bit SB serves as a parity
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check, it is possible to detect a bit error mixed into this
interval. '

In addition, the inserted bit SB may be an odd
parity check bit for all the bits before the next
synchronization code inserting position. However, in oxrder
to prevent the same bit pattern as the synchronization code
from occurring ohly when all of sync__0__len - 1 bits from
the next bit to the inserted bit SB are "0", the inserted
bit SB is always set to be "1". Thus, it is possible to
carry out the error detection by the parity check of all
bits.

In order to decrease the probability of the error
detection of a synchronization code due to error, it is
desired to insert more bits. For example, in order.to
COrrectly detect synchronization even if an error of n bits
is mixed, "1"s of 2 X n + 1 bits are inserted into a
predetermined position in this interval.

In this preferred embodiment, the operation of the
bit removing unit 1905 of FIG. 24 is different so as to
correspond to the operation of the aforementioned bit
inserting unit 1211. That is, the bit removing unit 1905
removes the inserted bit SB at a predetermined position,
at which the bit insertion has been carried out by the bit
inserting unit 1211.

In a case where the inserted bit SB is always "1",
it is determined that a bit error exists when a bit at the
bit inserting position in the input code string 205 is
"0", so that an error detection signal (not shown) may be

'outputted to the inverse multiplexer 811 so as to prevent

a reproduced image from being greatly deteriorated.

In the first through fourth preferred embodiments,
while the prediction mode information 303, the motion
vector information 304 and the residual DCT coefficient 305
have been multiplexed in the multiplexer 111 for each
coding frame as shown in FIG. 2, the predication mode
information 303, the motion vector information 304 and the
residual DCT coefficient 305 may be multiplexed for each
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coding fegion (e.g., a macro block, GOB) as shown in FIG.
26. In this case, the picture header 302 and the other
information may have different error correcting/detecting
code, or the same error correcting/detecting code.
Alternatively, an error correcting/detecting code may be
used for only the picture header or for a part of a code
string of a predetermined number of bits of each frame, or
no error correcting/detecting code may be used.

In addition, the multiplexing may not be carried-
out only for each frame (picture), but it may be also
carried out for each pért of a frame or for each layer of
a plurality of frames, so that a synchronization code may
be inserted for each of these multiplexing units (layer
unit).

FIG. 28 shows examples of such multiplexing. In
the examples of FIG. 28, the multiplexing processes are
carried out for each of four layers, i.e., each macro block
layer of a plurality of coding blocks, each GOB layer of .
a plurality of macro blocks, each picture (frame) layer,
and each session layer of a plurality of pictures. Among
these layers, the session, picture and GOB layers use their
synchronization signals (SSC, SEC, PSC and GSC in the
drawing), respectively. Different codes are used for the
SSC, SEC, PSC and GSC so that it is possible to identify
which layer the synchronization code is detected. When the
synchronization code shown in FIG. 5 is used, these
synchronization codes may be distinguished by the portion
of sync_nb__len bits reptesentative of the kind of the
synchronization code. '

Also when such-multipléxing is carried out, the
same processes as those for the frame synchronization code
in the preceding preferred embodiments may be carried out
for a part or all of the syndhronization codes of the
session, picture or GOB. FIG. 29 shows an example of an
output code string, in which such a process is carried out.
As shown in FIG. 29, stuffing bits STUFF are inserted
before the PSC and the GSC, and the SSC, PSC and GSC are
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inserted at the synchronization code inserting positions
indicated by arrows in the drawing. Therefore, similar to
the afore—mentioned preferred embodiment which shows the
frame synchronization code PSC, the detection accuracy of
each synchronization code can be improved.

The same length information as the frame length
information POINTER of FIGS. 15, 16 and 17 may be added to
each synchronization code of the session, picture and GOB.
In a case where the frame length information POINTER is
protected by the error correcting/detecting code as shown
in FIGS. 15 and 16, if the error correcting/detecting code
is not used only for the frame length information POINTER,
but it is also used for a portion of sync_nb_ len bits
representative of the kind of a synchronization code, it
is possible to improve the probability that the kind of the
synchronization code, in addition to the position thereof,
can be correctly detected. In addition, a part or all of
the header information (SH, PH and GF in the drawing) of
the session, picture and GOB may be protected using the
error correcting/detecting code, so that it is possible to
improve the error resistance of each header information.

In a case where the'stuffing process for preventing
a pseudo synchronization code is carried out as this
preferred embodiment, the following process may be carried
out so that the synchronization code inserting intervai
sync__period is equal to or less than the length of the
synchronization code. '

First, the process in the output coding unit of the
dynamic image coding system will be described. It is
assumed herein that the synchronization code is a code word
comprising "O"s of sync;JL_len bits and a "1" of 1 bit as
shown in FIG. 5. In the output coding unit of FIG. 23,
assuming that the counted value 1221 representative of the
number of bits outputted from the bit inéerting unit 1211
is total__len, when a remainder of division of total__len
by the synchronization code inserting interval sync__period
is equal to'a remainder of division of a value, which is
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derived by subtracting 1 from the number of bits sync_0
_len of the initial "0O" of the synchronizZation code, by
sync_period, i.e., when

' total__len mod sync__period

= (sync_0O__len - 1) mod sync__period @

the number of "1"s (assumed to be nl) in the output bits
before (sync_0__len - 1) bits from the output bit at that

time is counted, and a "1" of 1 bit is inserted if no "1"

exists (i.e., if nl = 0).

FIG. 33(a) shows an example of an output code
string,'for which such a process'has been carried out. 1In
the drawing, each of downward arrows indicates a
synchroniza-tion code inserting position, and a
synchronization code comprises "O"s of 23 bits (i.e., -
sync__0_len = 23), and a "1" of 1 bit. 1In the shown
example, a synchronization code inserting interval sync__
period is 8, which is shorter than the length of the
synchronization code (= 24 bits).

| In the drawing, intervals 1 through 4 denote
intervals for counting the aforementioned nl. 1In each
interval, the number of "l1l"s nl is seguentially counted.
If nl = 0, a stuffing bit is inserted into the next bit of
the interval. Since nl > 0 in interval 1, it is not
required to insert the stuffing bit. Since nl = 0 in
interval 2, a stuffing bit 3301 of 1 bit is inserted into
the next interval. 1In interval 3, nl = 1 due to the
inserted stuffing bit 3301, so that it is not required to

insert a stuffing bit. .
If such a bit stuffing process is carried out, the

-same bit pattern as a synchronization code does not exist

at a portion other than the synchronization code in an
output code string, so that no pseudo synchronization
occurs.

On the other hand, in order to decrease the
probability that a synchronization code is erroneously

detected due to transmission line error, a bit insertion
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may be carried out as follows.

Even if an error of n bits enters a synchronization
code, the synchronization code can be correctly detected
by carrying out a bit inserting process so that a humming
distance between a portion other than the synchronization
code and the synchronization code in an output code string
in a bit insertion 1211 is équal to or greater than 2 X n
+ 1. .

In this process, Whénzi;émainder derivedfby
dividing a counted value 1221 total__len representative of
the total number of bits of the output code string 205 of
FIG. 23 by a synchronizatibn code inserting interval
sync__period is coincident with a remainder derived by
dividing a value, which is derived by subtracting 2 X n+
1 from the initial number of bits of "0O0"s of a
synchronization code, by sync_period, i.e., when

total__len mod sync__period

= (sync_0_len - (2 X n + 1)) mod sync__period
(2)
the number of "1"s (assumed to be nl) in output bits of
(sync_0O_len - (2 X n + 1)) bits from the output bit at
that time. If the number of "1"s is less than (2 X n + 1)
bits, i.e., if nl < 2Xn+1l, "I"'sof (2 Xn+ 1 - nl)
bits are ihsérted.

As shown in FIG. 5, when a synchronization code
starting from "O"s of a plurality of bits is used, if the
number of "1l"s in a bit string immediately before the
synchronization code is insufficient, a synchronization
error detection may occur at that portion. In order to
prevent this, a bit insertion (STUFF in FIG. 20) in thé
last interval of a frame may be outputted so that the
number of bits of "1l"s in an interval of sync_period bits
from the synchronization code to the synchronization code
inserting position immediately before the synchronization
code is equal to or greater than 2 X n + 1 bits.

In order to do this, a STUFF always'containing "1l"s
of 2 X n+ 1bits may be used, or the STUFF may be
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determined in accordance with an output code string. That
is, the STUFF may be determined so that the number of bits
of "1"s of sync__peridd bits immediately before the
synchronization code in the output code string containing
the STUFF is equal to or greater than 2 X n + 1 bits.

FIG. 33(b) shows an example of an output code
string, for which such a process has been carried out. 1In
the drawing, intervals 1 through 4 denote intervals for
counting the aforementioned nl. In each interval, the
number of "1"s nl is sequentially counted. If nl < 2 X
n + 1, a stuffing bit is inserted into the next bit of that
interval. Since nl = 1 in interval 2, stuffing bits 3311
of (2 X n+ 1) -1 =2 bits are inserted into the next
interval. In interval 3, nl = 3 due to the inserted
stuffing bits 3311, so that it is not required to insert
stuffing bits.

Moreover, in order to prevent a synchronization
code error detection immediately before a synchronization
code, a STUFF is determined as follows. It is assumed that
a bit immediately before the STUFF is 3311. Since the
number of "1"s in an interval (interval 5) of sync__period
bits from a synchronization code inserting position
immediately before the bit 3312 to a synchronization code
inserting position immediately after the bit 3312 is only
1 bit, an synchronization error detection may occur in this
pbrtion if the synchronization code has a plurality of "O"
continuously arranged as shown in FIG. 5. Therefore, the
position, at which the synchronization code is inserted,

'is shifted to the next synchronization code inserting

position, and a STUFF 3313 containing many "1"s is
outputted. Thus, since "1"s of 2 X n + 1 or more are
contained in an interval (interval 6) of sync__period bits
immediately before the synchronization code, it is possible
to prevent the synchronization error detection.

If such a bit stuffing process is carried out, the
humming distance from the synchronization code can be 2 X

n + 1 or more at a portion other than the synchronization
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code in the output code string, so that the probability of
the synchronization error detection can be decreased.

Processes in an output decoding system of a dynamic
image decoding system will be described below. In the bit
remover 1905 of FIG. 24, assuming that the counted value
1905 representative of the number of bits of an input code
string is total__len, and when the total__len meets the
conditions in which it is 1, the number of "l1l"s (assumed
to be nl) in input bits of (sync_0_len - 1) bits from the
input bit at that time is counted. If no "1" exists, i.e.,
if n1 = 0, 1 bit is removed.

In order to detect a synchronization code even if
an error of n bits is mixed into the synchronization code,
in a case where a bit inserting process is carried out by
the bit inserting unit 1211 so that the humming distance

-between a portion other than the synchronization code and

the synchronization code in an output code string is equal
to or greater than 2 X n + 1, the following process may be
carried out. When the total__len reaches a value meeting
formula (2), the number of "1"s (assumed to be nl) of
(sync_0_len - (2 X n + 1)) bits from the input bit at
that time in the output bits is counted. When the number
of "1"s is.less than (2 X n + 1), i.e., when nl < (2 X n
+ 1), (2 X n+ 1 - nl) bits are removed.

In the output coding unit and the input decoding
unit, if the aforementioned processes are carried out so
that the synchronization code inserting interval sync__pe
riod has a smaller number of bits than the length of the
synchroni-zation code, the number of bits of the stuffing
bits STUFF can be decreased, so.that the coding efficiency
can be improved. In particular, when a synchronization
code is long, or when many synchronization codes are
inserted, the degree of the enhanced coding efficiency due
to the decrease of the number of bits of the stuffing bits
STUFF is great. For example, in a system for dividing a
screen into one or a plurality of macro blocks or macro
block lines to insert synchronization’codes into each unit,
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such as a GOB/slice in a dynamic image coding, many dynamic
image patterns are inserted, so that the degree of the
coding efficiency due to the decrease of the number of bits
of the STUFF is increased.

In addition, when a structure having a plurality of -
layers is multiplexed as shown in FIG. 28, synchronization
codes having different lengths in accordance with layers
may be used. _ _

FIG. 34(a) shows examples of such synchronization
codes. Among four kinds of synchronization codes, each of
SSC, SEC and PSC has 32 bits, which comprises "O"s of 23
bits, a "1" of 1 bit and 8 bits representative of the kind
of the synchronization code. On the other hand, a synchro-
nization code GSC of a GOB layer is a synchronization code
of 17 bits, which comprises "O"s of 16 bits and a "1" of
1l bit, and is a shorter code word than other
synchronization codes.

The reason why only the GSC is such a shorter code
word is as follows. The GOB is a coded unit, which
comprises one or a plurality of macro blocks (MB) and which
is formed by dividing a screen into small regions, so that
there are generally more synchronization codes of the GOB
layer than other synchronization codes. Therefore, if the
synchroni-zation code length is decreased, the code amount
of the output code string can be decreased. 1In addition,
it is possible to output more GSCs if the code amount is
the same, and it is possible to divide the screen into
small GOB regions for encoding, so that the quality of a
reproduced image can be improved when a transmission line
error occurs.

A process for preventing a pseudo synchronization
as described in the fourth preferred embodiment, i.e., a
bit stuffing proceés for preventing the same bit pattern
as a synchronization code from being produced in a code
string other than the synchronization code, may be carried
out. If a bit stuffing process for decreasing the
probability of error detection of a synchronization code
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due to a transmission line error, e.g., a bit stuffing
process for preventing the same bit pattern as a shortest
synchronizaétion code (GSC in the example of FIG. 34(a))
from being produced in a bit string, for which it is
ensured only that the same bit pattern as a long bit length
of synchronization code (SSC, SEC, PSC in the example of
FIG. 34(a)) is not produced, is carried out, it is possible
to prevent the same bit patterns as all the synchronization

-codes from being produced. This process may be carried out

for the code strings of all the layers, or for code striﬁgs
of lower layers (GOB layer, macro block layer in the shown
example) than a léyer using the shortest code, or for code
strings of layers (picture layer, GOB layer, macro block
layer) below a layer immediately above that layer.
Alternatively, this process may be carried out only for
code strings of a predetermined layer. '

In order to easily identify synchronization codes
of different lengths even if a transmission line error
occurs, the process of a synchronization code or before and
after the synchronization code may be carried out as
follows.

(i) In a case where a synchronization code
comprising a plurality of bits of "O"s and the subsequent
"1l" is used, the relative positions of a long code word and
a short code word from the synchronization code inserting
position of the "1" may be different. In the example of
FIG. 34(b), the "1" 3211 of the PSC and the "1" 3412 of the
GSC are arranged at different pqsition, and all of bits
(3413 to 3411, 3414 to 3412) arranged at the same positions
in other synchronization codes are "0". Thus, since the
humming distance of the synchronization code and a partial
code string thereof is increased, it is possible to easily
identify different synchfonization codes even if a
transmission line error occurs. ,

(ii) A stuffing bit may be inserted before a short
sYnchronization code. For example, if a stuffing bit 3401
comprising one or a plurality of "l"s is inserted before
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a short GSC, the humming distance between the 0SC and a
partial code string of another synchronization code can be
increased.

(iii) A stuffing bit may be inserted after a short
synchronization code. For example, a bit insertion 3402
may be carried out after a GSC so as to increase the
humming distance from a portion identifying the kind of a
synchronization code in long synchronization codes.
(Fifth Preferred Embodiment) '

The fifth preférred embodiment of the present
invention will be described below.

In this preferred embodiment, the whole
constructions'of a dynamic image coding system and a
dynamic image decoding system are the same as those in the
first preferred embodiment, except for the processes
carried out at the head and end portions of a'
synchronization interval by an output coding unit 200 and
an input decoding unit 800.

FIGS. 27(a), 27(b) and 27(c) are examples of an
output code string 205 of a dynamic image coding system in
this preferred embodiment. In this output code string 205,
a part 2701 of a code string of the last frame (frame n-1)
is arranged after a synchronization code PSC, and a pointer
information 2702 (SA) representative of a boundary 2703 (a
start point of a code string of the current frame) between
the code string 2701 and the current frame (n frame), i.e.,
the boundary between multiplexed code strings, is arranged,
so that the stuffing bit (STUFF in FIG. 4) does not exist
at the last of one frame. At this point, this output code
string 205 is different from the.output code string of FIG.
4. . :

In the output coding unit 200 of the dynamic image’
coding system, the number of bits resid__bit of the
residual code strings of the frame is checked at each
synchronization code inserting position. When the sum of
the resid_bit and the numbers of bits of a synchronization .
code PSC and a pointer information SA is less than synchro-
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nization code insérting interval sync__period bits, the
synchronization code PSC is outputted before the residual
code strings of the frame are dutputted to the output code
string 205. Then, the pointer information SA (representa-
tive of the resid__bit in this case) is outputted, and
then, the residual code strings 2701 are outputted. There-
after, the code strings of the next frame are outputted.

In the input coding system 800 of the dynamic image
decoding system, a synchronization dbdés is detected at
each of synchronization code inserting'bositions. When the
synchronization code is detected, it is determined that the
pointer information SA and the residual information of the
frame are arranged after the detected synchronization code,
and the subsequent process is carried out.

For example, the boundary between a frame n-1 and
a frame n in FIG. 27 will be described. After the décoding
process immediately before 2704 the synchronization code
PSC is completed, a synchronization code is detected in the
subsequent synchronization code inserting interval. When
the synchronization code is detected, the pointer
information 2702 is decoded, and it is derived which bits
the code strings of the frame n-1 have. On the basis of
this, the bits of the number of bits indicated by the
pointer information are taken out of the code string
immediately after the pointer information (to 2703 in FIG.
27), and the code string 801 is outputted so that these are
arranged after 2704.

In this preferred embodiment, the error correction-
/detection coding of a part or all of the outpuf code
strings may be carried out as shown in FIG. 27(6). In this
case, all the kinds of the error correcting/detecting codes
may be the same or different.

In addition, as shown in FIG. 27(b), the error
correction/detection coding may not be carried out. '

Moreover, as shown in FIG. 27(c), the frame length
information POINTER representative of the number of bits
of code strings of one frame as shown in FIGS. 15 and 16
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may be inserted. In this case, the frame length
information POINTER may be representative of the number of
bits from the synchronization code PSC of the frame to a
synchroniza~-tion code PSC of the next frame.

In a case where the error correction/detection
coding is carried out as shown in FIG. 27(a), the pointer
information SA, the residual code strings.2701 of the frame
n-1, and the code strings of the frame n after 2703 are
combined to be one information bit, and the error
correction/detection coding of the combined information bit
is carried out.

The pointer information SA may be information, for
which the error correction/detection coding has been
carried out. In this case, the synchronization code PSC
(or a part thereof), the frame length information POINTER
and the pointer information may be combined to carry out
the error correction/detection coding.

Examples of stuffing bits STUFF will be described
below.

FIGS. 30(a) and 30(b) shows examples of code tables
of stuffing bits STUFF as examples of the aforementioned
stuffing bits STUFF. Both of FIGS. 30a) and 30(b) are
characterized in that the decoding can be uniformly carried
out in the backward direction to an output code string, so
that the starting position of the stuffing bits STUFF can
be uniformly identified. Therefore, an error mixed into
a code string can be detected by comparing the decoding end
position of a code string immediately before the stuffing
bit STUFF with the starting position of the stuffing bit
STUFF, and the starting point ofhthe backward decoding can
be identified when a coding system for decoding in a
backward direction from a synchronization code is used.

Moreover, in the stuffing bits STUFF shown in the
code tables of FIGS. 30(a) and 30(b), the first bit is
always "0", so that the error detection can be carried out
by a simplified decoding as described later.

FIG. 31 shows an example of a decoding process of
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a code string, which contains the stuffing bits STUFF shown
in the code tables of FIGS. 30(a) and 30(b). Although FIG.
31 shows an example of the stuffing bit immediately before
the synchronization code inserting position, the same -
process can be carried out by inserting a stuffing bit
immediately before another optional synchronization code
inserting position. 1In FIG. 31, arrows 3101 through 3103
denote examples.of decoding end positions of a code string
(indicated by "xxx''") immediately before the stuffing bit
STUFF when the decoding is carried out in a forward
direction, and the right end of each of the arrows
indicates the decoding end position. When no error is
mixed into a code string and the decoding is normally
carried out, the decoding end position of a code string
immediately before the stuffing bit STUFF is coincident
with the starting position of the stuffing bit STUFF as
shown by the arrow 3101.

On the other hand, when an error is mixed into a
code string, the decoding end position of a code string
immediately before the stuffing bit STUFF is shifted from
the starting position of the stuffing bit STUFF as shown

by the arrows 3102 and 3103. In such a case, it is

determined that an error exists in the code string.

In the decoding system, when the decoding of. a code
string immediately before the stuffing bit STUFF is
completed, the stuffing bit STUFF before the next.
synchronization code inserting position is read, and it is
determined whether the read stuffing bit STUFF is
coincident with the codes in the code table shown in FIGS.
30(a) and 30(b). If the stuffing bit STUFF is not
coincident with any codes, it is determined that an error
exist.

When it is determined whether the stuffing bit
STUFF 1is coincident with the code table, a small bit error
may be allowable. Thus, it is possible to decrease the'
error detection of an error when an error is mixed into the
stuffing bit STUFF itself.
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The code table of FIG. 30(a) always starts from "O"
and has the subsequent bits of "l"s. Therefore, in order
to carry out the error detection, it may be determined only
whether the next bit to the decoding end position of the
code string immediately before the stuffing bit STUFF is
"0", or the error detection may be carried out only by the
first "0" and the subsequent some "1"s. Thus, although the
error detection accuracy is slightly lowered, the
throughput required to decoding can be decreased. Thus,
in a case where a code table starting from a specific bit
pattern, in which all the stuffing bits STUFF comprise a
specific bit or a pluraiity of bits, is used, the decoding
process can be simplified. ’

Moreover, the stuffing bits STUFF shown in the code
tables of FIG. 30(a) and 30(b) contain a lot of bits of
"l", and the humming distances from the synchronization
code containing'a lot of "O"s and a part thereof are great
as shown in FIG. 5, so that there is an advantage in that
the probability that a pseudo synchronization occurs is
low. Specifically, in the code table of FIG. 30(a), all
of only the first bits of the stuffing bits STUFF are "0",
and all of the other bits are "0", so that the humming
distance between the synchronization codes, all of which
are "O", and a part thereof is (the length of the stuffing
bit STUFF is -1). In addition, in the code table of FIG.
30(b), only the first and last bits of the stuffing bits
STUFF are "0", and all the other bits are "1", so that the
humming distances from the synchronization code and a part
thereof are (the length of the stuffing bit STUFF is -2).
Thus, if the humming distances between the stuffing bit .
STUFF, and the synchronization code and a part thereof are
selected so as to be greater than a predetermined wvalue,
e.g., (the length of the stuffing bit STUFF -2), so that
it is difficult to produce a pseudo synchronization code
even if an error is mixed into a code string. '

Referring to FIG. 32, this effect will be
described. FIGS. 32(a-0) and 32(b~0) show examples of code
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strings when usual stuffing bits (all the bits are "0") and
the stuffing bits STUFF shown in the codé table of FIG.
30(a) are used, and FIGS. 32(a-1) and 32(b-1) show examples
when an error of 1 bit is mixed in FIGS. 32(a-0) and
32(b-0), respectively. As can be seen from FIG. 32(a-1),

Aif only an error of 1 bit is mixed into the usual stuffing

bits wherein all the bits are "0", the same bit pattern as
the synchronization code is produced as shown by the broken
line in FIG. 32(a-1), so that a pseudo synchronization
occurs. On the other hand, the stuffing bit STUFF
representative of the code table of FIG. 30(b) is not the
same pattern as the synchronization code even if an error
is mixed as shown in FIG. 32(b-2), so that no pseudo
synchronization occurs.

Thus, the stuffing bit in this preferred embodiment
has advantages in that it is possible to easily detect an
error of a code string, and it is difficult to produce a
pseudo synchronization code even if an error is mixed into
a code string, so that it is'possible to provide a strong
erxror resistance. _

In addition, the stuffing bit in this preferred
embodiment can uniformly decode in the backward direction,
and identify the starting position thereof, i.e., the end
position of a code string immediately before the stuffing
bit STUFF. Therefore, after the coding, by which an
information code string can decoded in both of forward and
backward directions, is carried out, the code string
immediately before the STUFF can be decoded in the backward
direction as shown by the arrow 3104 in FIG. 31.

In the aforementioned nreferred embodiment, the
Stuffing bit STUFF may be determined as follows.

(1) In a case where a synchronization code contains
"O"s of sync_0__len bits as shown in FIG. 5, if all the
bits of the stuffing bits STUFF or at least at the
synchronization code inserting positions are set to be "1",
the humming distances between the portions of "0O" of the
synchronization code and the stuffing bits STUFF can be
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increased. Therefore, it is possible to decrease the
probability that an error is mixed into the stuffing bits
STUFF to produce a pseudo synchronization.

- (2) The stuffing bit STUFF may be a code word
representative of the length thereof. 1In the decoding
system, the léngth of the STUFF from the point, at which
the decoding of a code string other than the stuffing bit
STUFF is completed, is determined, and the decoding of the
STUFF is decoded to decode the length information of the
STUFF. 1In this case, if both are coincident with each
other, it can be determined that an error is mixed into the
code string. _ _

In addition, the length of the code string of the
stuffing bits STUFF may be indicated by binary numbers.
For example, if the STUFFs are 5 bits, "5" may be indicated
by binary numbers so as to be "00101". Alternatively, a
value derived by taking a complement of "1" or "2" from a
value indicated by binary numbers may be used as a code
word of the stuffing bité STUFF. Thus, the number of bits
of "O"s in the STUFFs is decreased, so that it is possible
to inhibit a pseudo synchronization from occurring similar
to the aforementioned (1).

(3) In a case where the coding is carried out using
a code word which can be decoded in both.of forward and
backward directions, it is required to decode the stuffing
bits STUFFs in the backward direction from the end point
of the frame in the decoding system,.to find the starting
point (the boundary point between the STUFF and another
code word). In such a case, the STUFFs may be determined
so as to be a code word, which étarts from "0"(s) of 1 bit
or a plurality of bits and has the residuals of "l1l"s, such
as "01111111". Thué, if the STUFFs are decoded in the
backward direction to seek the position of "0", it can be

~uniformly determined that the sought position is the

starting point of the STUFFs. In addition, in this
example, the bits other than the initial portion of the
stuffing bits STUFFs are "1", so that it is possible to
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decrease the probability that a pseudo synchronization
occurs similar to the aforementioned (1).

(4) The stuffing bit STUFF may be a check bit, a
parity check bit or the like for an error
correcting/detecting code of a part or all of bits of an
output code string. Thus, the error correction/detection
of a bit error mixed into an output code string can be
carried out. _

As described in the above examples, stuffihg:bits
STUFFs are produced in accordance with a predetermined
rule, and the stuffing bits STUFFs in an input code string
are checked with the producing rule in a decoding system.
If it is determined that the stuffing bits STUFFs are
against the producing rule, it can be determined that an
error is mixed into the input code strihg. Thus, if a
process for preventing a reproduced image from being
greatly deteriorated is carried out in a dynamic image
decoding system, it is possible to improve the quality of
a reproduced image when an error is mixed into the input
code string.

Moreover, in the aforementioned preferred
embodiment, the synchronization code inserting interval
sync__period may be determined as follows.

(1) In a case where an error correcting/detecting
code is used, a synchronization code ihserting interval
syncL_period may be greater than the minimum number of bits
required to carry out the synchronization detection by
means of a decoding system, i.e., the sum of the length of
a synchronization code and the maximum value of a check bit
for an error correcting/detecting code. Since the mean
value of the numbers of bits of the last stuffing bits
STUFFs of a frame is sync_period / 2, if the sync__period
has the minimum bits, by which the synchronization
detection can be carried out, if is possible to decrease
the number of bits of the stuffing bits STUFFs to improve
the coding efficiency. _

(2) In é case where no error correcting/detecting
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code is used, a synchronization code inserting interval
sync__period may be greater than the minimum number of bits
required to carry out the synchronization detection by
means of a decoding system, i.e., the length of a
synchronization cbde. Since the mean value of the numbers
of bits of the last stuffing bits STUFFs of a frame is
sync__period / 2, if the'syncL_period has the minimum bits,
by which the synchronization detection can be carried out,
it is possible to'decrease the number of bits of the
stuffing bits STUFFs to improve the coding efficiency.

(3) In a case where a frame length information
POINTER is used as shown in FIGS. 15, 16, 17 and 27, a
synchronization code inserting interval sync__period may be
shorter than the length of a synchronization code. Thus,
it is possible to decrease the number of bits of the
stuffing bits STUFFs to improve the coding efficiency.

(4) In a case where the transmission/storage is
carried out by dividing into packets or cells at intervals
determined in a transmission line or a storage medium, a
synchronization code inserting interval sync__period may be
matched with the interval of the packets or cells, or a
divisor thereof. Thus, since the head of the packets or
cells is always arranged at the synchronization code
inserting position, it is possible to detect a
synchronization code even if a packet or cell is produced
due to packet loss or cell loss.

(5) The synchronization code inserting interval
sync__period is preferably shorter than the required
minimum number of bits of a frame. Thus, it is possible
to decrease the number of bits of the stuffing bits STUFFs
to improve the coding efficiency.

(Sixth Preferred Embodiment)

The sixth preferred embodiment of the preéent
invention will be described.

FIG. 35 shows examples of output code strings of a
dynamic image coding system in this preferred embodiment.
In these output code strings, in order to decrease the.
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probability of the error detection of a synchronization
code due to errors, the bit inserting process as described

in the aforementioned preferred embodiments is carried out.

In addition, information, such as heater information, is
arranged at predetermined positions, or at predetermined
positions based on a synchronization code.

FIG. 35(a) is a code string before a bit inserting
process is carried out, and FIG. 35(b) is a code string
after a bit inserting process is carried out. In the
drawings, each of the portions 3201, 3202, 3261 and 3262
shown by the slanting lines shows information arranged at
the predetermined position (the predetermined position
based on a synchronizatiqn code), and each of void arrows
3211 and 3212 indicates the position, into which the
information is inserted. The information 3261 and
information 3262 of the code string in FIG. 35(b)
corresponds to the information 3201 and information 3202
of the code string in FIG. 35(a), respectively. In some
cases, when the code string (a) is transformed to the code
string (b), these information may be transformed (i.e., the
transformation from information 3201 to information 3261
and the transformation from information 3202 to information
3262).

In FIG. 35(b), 3203 denotes a bit inserted by the
bit inserting process. Since the bit string subsequently
to the inserted bit is shifted backward by the bit
inserting process, a part of a code string immediately
before the information to be inserted at a predetermined
position is shifted so that the information is inserted at
the predetermined position. For.example, assuming that the
total of the numbers of inserted bits from the
synchronization code 3205 immediately before the
information 3201 is Nsl, Nsl bits indicated by sign 3221
in FIG. 35(a) immediately before the information 3201 may
be shifted to the portion of sign 3231 in FIG. 35(b)
immediately after the information 3201.

If information such as a pointer representative of



-76-

a specific position in a code string is contained in
information 3201 and/or 3202, this may be transformed.
Specifically, for example, if information representative
of the position indicated by arrow 3241 is contained in
information 3201, the information representative of the
position in information 3261 is transformed so as to
indicate the position representative of arrow 3251 after
the position by the number Nsl of the inéerted"bits.
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CLAIMS
1. + A coding system comprising:
coding means for coding an input code string to an
error correcting/detecting'che comprising an information
bit and a check bit; and
code string assembling meahs for inserting a
synchroni-zation code into any one of a plurality of
- predetermined synchronization code inserting'positions in
an'output code string, for arranging said information bit
at an optional position in said output code string, and for
arranging said check bit at a position other than said
synchronization code inserting positions in said output
code string to assemble said output code string. '

2. A decoding system comprising:
| synchronization code detecting means for detecting
a synchronization code at a plurality of predetermined
synchronization code inserting positions on the basis of
a code string, which is coded to an error
correcting/detect-ing code comprising an information bit
and a check bit;

code string resolving means for resolving said code
string to extract said information bit of said error
correcting/detecting code and said check bit of said error
correcting/detecting code arranged at a position other than
said synchronization code inserting positions; and

decoding means for receiving said information bit
and said check bit extracted by said code string resolving
means to decode said error correcting/detecting code.

3. A coding system comprising:

code string transforming means‘for transforming an
input code string other than syﬁchronization codes arranged
at a plurality of predetermined synchronization code
inserting positions in an output code string so that a
humming distance from said synchronization code is equal
to or greater than a predetermined value; |

* [ L M s *
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coding means for coding a code string transformed
by said code string transforming means, to an error
correcting/detecting code comprising an information bit and
a check bit; and

code string assembling means for inserting a
synchro-nization code into any one of a plurality of
predetermined synchronization code inserting positions in
said output code string, for arranging said information bit
at an'optional position in an"output code string and for
arranging said check bit at a position other than said
synchronization code inserting positions in said output
code string to assemble said output code string.

4. A decoding system comprising:

synchronization code detecting means for detecting
a synchronization code at a predetermined synchronization
code inserting position on the basis of a code string,
which is coded to an error correcting/detecting code
comprising an information bit and a check bit and into
which the synchronization code; -

code string resolving means for resolving said code
string to extract said information bit of said error
correcting/detecting code and said check bit of said error
correcting/detecting code arranged at a position other than
said synchronization code inserting position;

~decoding means for receiving said information bit
and said check bit extracted by said code string resolving
means to decode said error correcting/detecting code; and

code string transforming means for transforming a
code string other than said synchronization code, which is
transformed so that a humming distance from said
synchronization code in said code string decoded by said
- decoding means is equal to or greater than a predetermined
value and which exists at said synchronization code
inserting position, into the original code étring.

5. A coding system comprising:
, J—

A
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coding means for coding an input code string to an

error correcting/detecting code; )
_ synchronization code inserting means for inserting

a synchronization code into said code string; and

determining means for determining the number of
bits an information to be coded to an error
correcting/detecting code immediately before said
synchronization code in said code string,

said coding means coding said error
correcting/detect-ing code immediately before said
synchronization code, using a degenerate'code, which is
adaptively degenerated on the basis of the number of bits
determined by said determining means. '

6. A decoding system comprising:

decoding means for decoding a code string, which is
coded to an error correcting/detecting code and into which
a synchronization code is inserted;

synchronization code detecting means for détecting
said synchronization code in said code string; and

determining means for determining the number of
bits of an information, which is coded to an error
correcting-/detecting code immediately before said
synchronization code in said code string detected by said
synchronization code detecting means,

said decoding means decoding by identifying whether
said error correcting/detectihg code immediately before
said synchronization code is a degenerate code on the basis
of the determined result of said determining means.

7. A coding system comprising:

coding means for coding a code string containing
kinds of input information to an error correcting/detecting
code; and ' _

switching means for switching the kind of said
error correcting/detecting code in accordance with the
kinds of said input information in said code string.

‘LN R O R
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8. A decoding system comprising:

. decoding means for decoding a code strlng, which is
coded to a different kind of error correcting/detecting
code in accordance of the kind of information, to generate
the originél information; and

means for determining the kind of said error
correct-ing/detecting code on the basis of the kind of
information generated by said decoding means, to inform

said decoding means.

9. A coding system comprising:

code string transforming means for transforming an
input code string other than synchronization codes, wﬁich
are arranged at a plurality of predetermined synchroniza-
tion code inserting positions in an output code string and
in intervals of a predetermined number of bits before and
after the predetermined synchronization code inserting
positions in an output code string, so that a humming
distance from said synchronization code is equal to or
greater than a predetermined value;

coding means for coding a code string transformed
by said code string transforming means, to an error
correct-ing/detecting code comprising an information bit
and a check bit; and

code string assembling means fof inserting a
synchronization code into any one of a plurality of
- predetermined synchronization code inserting positions in
said output code string, for arranging said information bit
at an optional position in said output code string, and for
arranging said check bit at a position other than said
synchronization code inserting positions in said output
code string to assemble said output code string.

10. A decoding system comprising:

synchronization'code detecting means for detecting
a synchronization code at a predetermined synchronization
code inserting position and in an interval of a

* [ L M S *
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predetermined number of bits before and after the
predetermined synchronization code inserting position, on
the basis of a code string, which is coded to an error
. correcting/detecting code comprising an information bit and
a check bit and into which the synchronization code;

code string resolving means for resolving said code
strihg to extract said information bit of said error
correcting/detecting code and said check bit of said error
correcting/detecting code arranged at a position other than
said synchronization code inserting position;

decoding means for receiving said information bit
and said check bit extracted by said code string resolving
means to decode said error correcting/detecting code; ‘and

code string transforming means for transforming a
code string other than said synchronization code, which is
transformed so that a humming distance from said
synchronization code in said code string decoded by said
- decoding means is equal to or greater than a predetermined
value and which exists at said synchronization code
inserting position and in an interval of a predetermined
number of bits before and after said synchronization code
inserting position, into the original code string. '

11. A coding system comprising:

multiplexing means for multiplexing kinds of
compressed codes, which are obtained by compression coding
an input signal, to produce a multiplexed code string; and

code string assembling means for inputting said
multiplexed code string to assemble an output code string,

said code string asseﬁbling means inserting a
synchronization code into any one of a plurality of
periodically predetermined synchronization code inserting
positions in said output code string.

12. A coding system comprising:

multiplexing means for multiplexing kinds of
compressed codes, which are obtained by compression coding

) * ¢ L M 5§ *
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an input signal, to produce a multiplexed code string; and
code string assembling means'for'inputting said
multi-plexed code string to assemble an output code string,
said code string assembling means inserting a
synchro-nization code into any one of a plurality of
periodically predetermined synchronization code inserting
positions in said output code string, and suitably
inserting a stuffing bit into said output code string. |
13. A coding system comprising:
multiplexing means for multiplexing kinds of
compressed codes, which are obtained by compression coding
an input signal, to produce a multiplexed'code string; and
code string assembling means for inputting said
multi-plexed code string to assemble an output code string,
. said code string assembling means predetermining a
plurality of éynchronization code inserting positions
arranged periodically in said output code string, inserting
an information indicating a boundary of said multiplexed
code string, and inserting a synchronization code into any
one of said plurality of synchronization code inserting

positions.

14. A coding system as set forth in any one of claims 11
through 13, wherein said multiplexing means multiplexes a
compressed code, which is compression coded for each of
frames or segments of the frames of an input image signal,
for each of said frames or said Segménts of the frame, and
wherein said code string assembling means inserts a
synchronization code into a synchronization code inserting
position immediately before or after the end portion of
each synchronizing unit multiplexed for each of said frames
or said segments of the frames of said multiplexed code
string.

15. A coding system as set forth in any one of claims 11
through 13, which further comprises code string

[
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transforming means for transforming a code string other
than said synchronization code, which is arranged at said
synchronization code inserting position in said output code
string, so that a humming distance from said synchroniza-
tion code is equal to or greater than a predetermined

value.

16. A decoding system comprising: ]
synchronization code.detecting means for detecting
a synchronization code in an output code string;
demultiplexing means for demultiplexing on the
basis of the position of the synchronization code detected
by said synchronization code detecting means from said
input code string, to produce a compressed code string; and
decoding means for decoding said compressed code to
output a reconstructed signal, '
said synchronization code detecting means detecting
said synchronization code at a plurality of periodically
predetermined synchronization code inserting positions in

said input code string.

17. A decoding system as set forth in claim 16, which
further comprises code string transforming means for
transforming a code string other than said synchronization
code, which is transformed so that a humming distance from
said synchronization code is equal to or greater than a
predetermined value at said synchronization code inserting
position of said input code string, into the original code
string.

18. A coding systém comprising:

code string assembling means for inserting a
synchronization code into any one of a plurality of
periodically predetermined synchronization code inserting
positions in an dutput code string, and for suitably
inserting, into said code string, a stuffing bit, which is
able td be uniformly decoded in a backward direction of

—_—
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said output code string.

19. A coding system as set forth in claim 18, wherein said
code string assembling means inserts said stuffing bit
immediately before any one of said plurality of synchroni-
zation code inserting positions inusaid output code string.

20. A decoding system comprising:

' decoding means for decoding an input code string,
in which a synchronization code is inserted into any one
of a plurality of periodically predetermined
synchronization code inserting positions and into which a
stuffing bit, which is able to be uniformly decoded in a
backward direction, is suitably inserted; and

error detecting means for detecting an error in
said input code string by comparing a decoding end position
of a code string immediately before said stuffing bit,
which is decoded by said decoding means, with a starting
position of said stuffing bit.

21. A decoding éystem as set forth in claim 20, wherein
said stuffing bit is inserted immediately before any one
of said plurality of synchronization code inserting
positions in said input code string. '

22. A decoding system as set forth in claim 19, wherein
said decoding means decodes a code string immediately
before said stuffing bit in a backward direction from a
starting position of said stuffing bit.

23. A coding system comprising:

code string assembling means for inserting a
synchro-nization code into any one of a plurality of
periodically predetermined synchronization'code inserting
positions in an output code string, and for suitably
inserting, into'said code string, a stuffing bit, which is
able to be uniformly decoded in a backward direction of
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said output code string and whose humming distances from
said synchronization code and a part thereof are equal to
or greater than a predetermined value.

24. A coding system as set forth in any one of claims 18
through 23, wherein said stuffing bit is arranged

immediately before said synchronization code.

"25. A decoding system comprising:

decoding means for decoding an input code string,
in which a synchronization code is inserted into any one
of a plurality of periodically predetefmined
‘'synchronization code inserting positions and info which a
stuffing bit is suitably inéerted, said stuffing bit being
able to be uniformly decoded in a backward direction, and
_the humming distances from said synchronization code and
a part thereof being equal to or greater than a
predetermined wvalue; and

error detecting means for detecting an error in
said input code string by comparing a decoding end position
of a code string immediately before said stuffing bit,
which is decoded by said decoding means, with a starting
position of said stuffing bit.

26. A decoding system as set forth in any one of claims 20,
22 and 25, wherein said stuffing bit of said input code
String is arranged immediately before said synchronization
code. -

27. A coding system as set forth in any one of claims 11
through 13, wherein said multiplexing means produces a
multiplexed code string by multiplexing said compressed
code string for each of a plurality of layers, and said
code string assembling means inputs said multiplexed code
string to add a synchronization code to at least a part of
said plurality of layers to produce an output code.
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28. A coding sYstem as set forth in claim 27, wherein said
' code string assembling means causes said éynchronization
codes to have different lengths in a part or all of said

plurality of layers.

29. A coding system as set forth in claim 27 or 28, which
further comprises code string transforming means for
transforming a code string other than said synchronization
‘code in a part or all of layers, to which said
synchronization code of said output code string is added,
so that a humming distance from said sYnchronization code
is equal to or greater than a predetermined wvalue.

30. A coding system as set forth in claim 29, which further
comprises code string transforming means for transforming
a code string other than said synchronization code in a
part or all of layers, to which said synchronization code
of said output code string is added, so that a humming
distance from a synchronization code, which has a shortest
length of synchronization codes having different lengths,
is equal to or greater than a predetermined value. -

31. A decoding system as set forth in claim 16, wherein
said input code string comprises a multiplexed code string,
which is multiplexed for each of a plurality of layers, a
synchronization code being added to at least a part of said
plurality of layers. '

32. A decoding system as set forth in claim 31, which
further compriées code string transforming means for
transforming a code string other than said synchronization
code, which is transformed so that a'humming distance from
a synchronization code, which has a shortest length of
synchronization codes having difféient lengths in a part
or all of added layers, is equal to or greater fhan a
predetermined value.
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