SPECI FI CATI ON CODI NG SYSTEM AND DECODI NG SYSTEM TECHNI CAL FI ELD 5

The present invention relates generally..to a system:for transmtting and/or
storing information via a nmediumof a high error rate, such as a radio
transm ssion line. Mire specifically, the invention relates to a coding
and/ or decodi noweysssam suited to carry out the error 10 PCT/JP97/00864
correction/detection coding of a conpressedniode string obtained by the

hi gh efficiency conpression coding to transntt and/or store the conpressed
code string. BACKGROUND ART 15 For exanple, in a systemfor
carrying out the high-efficient conpression coding of a picture and/or
voice information so as to have a smal infqﬁpatioi!content to transmt the
conpr essi on-coded picture and/ or voic
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information via a radio transm ssion line, such as a radio 20 visual

t el ephone, a portable information termnal and a digital television
broadcast system it is inportant how to transmt the obtained code string
with a high quality since the transm ssion Iine has a high error rate. In a

case where a,&8g55§&{ing Is transmtted and/or 25 stored prRIFSYGMR6E
medi um of a hirgh error rate, an error correcting code, such as a

Bose- Chaudhuri - Hocquenghem (BCH) code, a Récommended Standard (RS) code and
a convolutional code, is often used as neans for reducing the error rate.
In addition, an error correcting code, such as a check sum 30 and a
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35 to exam ne whether the transmtted and/or stored code string obeys
the rule during decoding, to carry out the error correction/detection on
the basis of the results. -2- However, in such a nethod for coding a
code string obtained by a high-efficiency conpression coding into error
correcting/ det esto ompsgrades to transmt and/ or store the codes, pcirer®/onsssa
di sadvantage in that it is difficult to 5 Sf conbi ned with a synchronous
recovering technique for recovering a step o caused by a code word error
in the transmi ssion |ine/medium As a synchronous recovering ‘technique, a
met hod for inserting a uniformy decodabl e code called a synchronization
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10 I nmedi ately after the synchronization code is detected when a step out
occurs is often uséd. In order to nake a uniformy decodabl e code word of

t he synchroni zati on code, the code word nust be conbi ned with anot her code
word so as not to formthe sane bit 15 pattern as the synchronization
code. Howeve oJ?Bsﬁ)? error correction-/detection coding, itpcwnenessal |y
difficult to forma Ccode word so as to pre;fnt a certain bit pattern from
occurring. Wien the sanme bit pattern as theé*synchroni zati on code occurs, a
pseudo synchroni zati on may 20 be caused by the error detection of the
synchroni zati on code. In order to avoid this problem there is used a
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perform ng the error correction/detection coding, inserting a dunmmy bit
into the bit pattern in accordance with a certain rule when the sane bit
pattern exists, and deleting the dummy bit in the same rule in a decoding
system 30 However, in a case where the code string is transmtted and/or
stored via a nedqiggwssspiwhi ch errors are .easy to occur, errors PREyJFcoO0864i N
. the inserted bit, so that there is a problenlén that a new step out or a

new pseudo synchroni zati on may occur. 35 In addition, in a case
where the error correction/detection coding of a code string is carried out
to insert a synchronization code, there is also a problem - 3-
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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 conpensate an excess of
information bits, for which the error detection and/or detection coding is
to be 5 carried out, at the end portion of a synchronization interval

bet ween the agiggRRjprSynchroni zation codes. On the other hangerihrRhdds’ tO
enhance the error correcting/detecting capg@ility, t he redundancy of the
transmtted and/or stored information may enhanced. 10 However, if the
redundancy i s enhanced, the nunmber of bits required to transmt the sane
information is increased. Therefore, if the error correcting/detecting
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anount of information, which can be transnitted and/or stored, is decreased
as the redundancy is enhanced. In a case where a picture and/or voice
information is 20 hi gh-efficiently conpression-coded to be transnmtted
and/or stored, in order to add the redundancy to inprove the error

resi stance, thewoomsqessi on coding into a smaller anount of i REDIPSGLIESH
must be carried out if the transm ssion andhpr storage rate is the sane, so
that the picture 25 quality and sound quality are |lowered. Therefore, as
a nethod for providing a smaller redundancy and a high error resistance,
there is a nethod called hierarchical coding. This is a nethod for

Compari Son W th vhen e T no) ot eor e TR Qe B3,
| Sm' fﬁsi E\g i ng t hegpEobazik il Aiteqoy Z.08PARS T @k SO ENHRFEPE THIA DRFEF Y dance
IVTERNRES BAXIREREITRAE, BB/ HKXBALTHEY
BB LM ORFSFIEXANE 3 C EHTHICE 375, Boic L ZRMES
DEBRHOMRI BT 3,
CO%H/ WERNBRENFSRAME COSTRDNZ b, FEHILKk
WX WEEHBABA TS D RERERICHARTA — 3=~y FRDRYL, i, &
BLEB~OANOREFITE., APFESLA—DOEy b5 — v EELRNWL
S EBIE TR 10D, RSFSHBEAVIHSHBRITV, Kic, BRARF
BEF - VENDEITAV A ILEEFSLEBEARSLBEOAHELT
VEEA. HEEFE SR CRNRES L R0/t — VAU UL E 5 IS
Br— TV EERT 3L, S ROETEBVTLE S EVWSIESANS -
eH B2ORSL/ESAREERAVWIICO X 5 ERERE UV,
(3) ARFCHKZE3OFFHLERIZ. AHSThIFEFILEYITE/RHF
BT ARSLFERE. NRFSAGIENFSLBAT IAEFSEA
FRE. MEAFSTIONCRAMFSOENORY ITE/ REFSLRHFSLIN S
~NEWROE y MIEHET SHEFEREEE L. NEFSHLERICE L THE
FIRF S OBEEIORD ITE/ RINFSEMRRHEFRIC XV UEShitEy MK
ESOTHBICEES BRI S L 35 0 L AT 5,
AR D% 3 OHSLERE. B0 ITE REFSICHSLE ho>EN
REHIEAS W RSIAESLT 3 HSTRE ., FRFSHGORNFSE
) Rt ZENRSREFRE. NERSTITORMFSRETRIC LD RSN
KRS OEMOED TE/ REFS RS LI AHRO Yy MEHES
BHEFREAE L. NRESLERI BV CHIRUEERONERRIcES
THIEERMIRSOERORD ITE/ RHFSIMERFSTH 3 0 ENERBILT



magni tude of errors influencing the picture quality and the sound quality,
using an error correcting/detecting code of 35 a hi gher error
correction/detection capacity while having a high redundancy, for

i nformati on under a great influence of the error, and using an error

correcti ng/d ém code -4- of a |l ess redundancy whil e pigypsyboss@t SO
hi gh error correc on/ detection capacity, for information which is not so
greatly influenced by the error. For exaane, in a coding system which is
formed by 5 conbi ning the notion-conpensated prediction with the
orthogonal transform and which is often used for the high-efficiency
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i.e., in a systemfor notion-conpensation predicting an input dynam c i nmage
signal to orthogonal transformits 10 predi ction residue by a DCT
(discrete cosine transforn) or the like, the error correcting/detecting
codes of a high error correcting/detecting capability are used for notion
vect or i nfornmatwepssedt ch greatly deteriorate the picture qualACIPFPYF00864
error occurs, and for |ower coefficients of § the orthogonal
transformation coefficients of the prediction residual signal, and the
error correcting/detecting codes of a |ow error correcting- /detecting
capability are used for higher coefficients of the orthogonal
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are under a small i1 nfluence of the error. In order to achi eve such a
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of different error correcting/detecting capabilities in the 25 m ddl e of
the output code string. As a nethod for switching the error
correcting/detecting codes of different error correcting/detecting
capabilities, there is a nethod for adding a header information

represent ati vyghskdgg ki nd of the error correcting/ detecti ngpSRsiR%néses &
code string. 30 FIG 11 shows an exanple,of a code string, to which the

header information i s added to switch the &&or correcting/detecting codes.
In this exanple, two kinds of error correcting/detecting codes FEC1L and
FEC2 are switched. The headers 1101 to 1104 have a header 35 I nformation
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-5- correction/detection coded, are arranged after the header information.
In a decoding system the header information is decoded, and the error
correcting/detecting codes are decoded in accordance with the decodi ng of

t he header 5 i nformati on. However, in the nethod for switching the error
correcting/ det appiomgsegrodes by addi ng such a header i nformati orPFCTIRENWB44s 7
problemin that the nunber of bits of the cqdg string to be transmtted
and/ or stored by 10 addi ng the header information is increased. 1In a
case where the picture and/or voice information is high- ef ficiency
conpression coded to be transmtted and/or stored, if the nunber of bits is
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15 hi gh-efficiency conpression coding of the picture and/or voice

i nformation i s decreased, so that the picture quality and sound quality are
deteriorated. As nentioned above, if the error correction/detection
codi ng of the code string, in which 20 t he high-efficiency conpression

codi ng of dyRedbmasgeirge signals and so forth is performed, |gere@sidogéd OUt ,
an optional bit pattern is produced. TherefqQre, in a case where the error

correction-/detection coding is conbi ned vk €h t he synchronous recovering
techni que using a uniformy 25 decodabl e synchroni zati on code, there is
a problemin that a pseudo synchronization is caused by the error detection
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the inserted bit. In addition, in a case where the error correction-

/ detection coding of the code string is perfornmed and the synchroni zation
code is inserted, it is conventionally 35 required to use many inserted
bits to conpensate an excess of information bits, for which the error

det ecti on and/ owoMsssaiii on coding is to be carried out, at thepeniryroogsson
-6- of a synchronization interval between thggadjacent synchroni zati on
codes, so that there is a problemin that the coding efficiency is |owered.
Mor eover, in a coding/decoding systemfor switching 5 error
correcting/detecting codes of different error
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correcting/detecting capabilities by adding a header information, the
nunber of bits to be transmtted and/or stored by addi ng the header
information is increased. Therefore, in a case where a picture and/or voice
10 information is high-efficiency conpression coded to be transmtted

and/ or storeqwoggg%ﬁ,is a problemin that the information copigsier/ossd gned
to the picture and/or voice information is decreased to | ower the picture
quality and the sound quality. 15 DI SCLOS OF INVENTION It is therefore a
princi pal object of the present invention to elimnate the aforenenti oned
probl ens and to provide coding and decodi ng systens, which can prevent a 20
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It is another object of the present invention to provide codi ng and
decodi ng systens, which prevent a pseudo synchroni zation and a step out due
to the error detection 25 when an error correction/detection coding is
conmbined with a synchroni zati on recovering techni que using a

synchroni zati oweeods401lt is further object of the present i nvEGTARHI/00864
provi de codi ng and decodi ng systens, which g decrease the 30 nunber of
inserted bits used at the end portion in a 3ﬂchronization lnterval to
enhance the coding efficiency, when an error correction/detection coding is
conbi ned with a synchroni zati on recovering technique using a

synchroni zat | on oge i3 3903 puiFR(LEEISIGA FEMEIERORMRL T 260 /

present invention to provide co I Nng systens can decrease
t he nupber of bi—é%gi a code string, to which a header
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-7- information representative of the kind of error correction/detection
codi ng nust be added and which is transmtted and/or stored, to inprove the
quality of information. 5 (1) Afirst coding system according
to the present invention, conprises: coding neans for coding an input code

string to an qu;,ygprrecti ng/ detecting code conprising an i péRisBhbgen it
and a check bit; and code string assenbliqP neans for inserting a

synchroni zati on code into any one of 10 8 plurality of predeterm ned
synchroni zation code inserting positions in an output code string, for
arranging the information bit at an optional position in the output code
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string, and for arranging the check bit at a position other than the
synchroni zati on code inserting positions in the 15 out put code string to
assenbl e the output code string. A first decoding system according to the
present invention, conprises: synchronization code detecting neans for
detecting a sywohnrssswprati on code at a plurality of predeter i FexiP97/00864
synchroni zati on code inserting positions o the basis of a code
string, which is coded to an error correcti’hg/ detecting code conprising an
information bit and a check bit; code string resolving neans for resolving
the code string to extract the information bit of the error

correct i ng/ det ectBIB2¢d a0 o reychock bt of bvjﬁ&%ﬁ% EL"G‘& F
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error correcting/detecting code. 30 Thus, in the first

codi ng/ decodi ng system the synchronization code exists only at the

pr edet er mi ned synchroni zati on code inserting position in the output code
string, and the check bit of the error correcting/detecting code exists at
a position otRgsed t he synchroni zation 35 code inserti Rg-ripsidobdn-
Therefore, even If the sane bit pattern as the synchronization code IS
contained in the check bit, there is no prbdbility that it is erroneously
detected that the sane bit pattern as the synchroni zation code is a
synchroni zati on code. Accordingly, since it is not required to use a
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5 a bit for preventing a synchronization code after the error
correction/detection coding, the degree of freedomfor the used error
correcting/detecting code can be increased. In addition, since there is no
probability that a new synchronization detection error nmay occur due to the
10 inserti ORy@éyRgpserror into an inserted bit, it is possi lpcesperonsspr ove
the resistance to errors. (2) In a second %ﬂéng system according to the
present invention, code string transforniﬁg ans is added. to the first
codi ng system The code string transform ng 15 means transfornms an input
code string other than synchronization codes arranged at a plurality of
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code string transformng neans is inputted to coding nmeans to be coded to
an error correcting/detecting code conprising an information bit and a
check bit. In a second decodi ng system according to the 25 pr esent

i nvention, code string transform ng neans is added to the first decoding
system The 8978441 N9 transform ng nmeans transfornms a codep@i/ronoses her
than the synchroni zati on code, which exi rsnéz at a synchroni zation code

i nserting position and which is transfor so that 30 a hunm ng

di stance fromthe synchronization code in the code string decoded by the
decoding nmeans is equal to or greater than a predeterm ned value, into the
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respect to a bit string arranged at the synchronization -9- code
inserting position is equal to or greater than a predeterm ned val ue, and

t he decoding systemcarries out the reverse transformation. Therefore,
since the sane bit pattern as the synchronization code is not contained in
the 5 bit stybdessdpf | S Possible to prevent the error detecrdTarrméoscs
synchroni zati on code. In addition, if the br nsformis carried out so that
t he hunm ng di stances between the synchronfzati on code and.the ot her code
strings are great, the synchronization code can be distinguished fromthe
10 other code strings even if an error is mxed into the code strings, so
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t he synchroni zati on code due to errors can be decreased. Since this
transform ng/inverse transformng process is carried out only at the
synchroni zati on code 15 i nserting position, the overhead is |ess than
those in conventional nmethods for carrying out transform ng/inverse

transform ng wépmover the whol e code string. In additionpdr3pdivesesode
string inputte 0 e coding system it is not required to carry out the

transform ng process 20 so as not to prodiée the sane bit pattern as the
synchroni zation code, and it is not required to use a special code string.
In particular, in a case where a variable | ength coding systemfor
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that the coding efficiency is | owered. However, the second codi ng/ decodi ng
systemcan elimnate such a problem 30 (3) Athird coding
system according to the present invention, conprises: coding neans for
codi ng an input code string to an error correcting/ detecting code;

synchroni za- tywgys&@e i nserting nmeans for inserting a synchrece/zet/ooses code
into.the code string; and determ ning neans for 35 determ ni ng the nunber
of bits an information to be coded to an e 8r correcting/ detecting code
i mmedi ately before the synchronization code in the code string, wherein the
-10- codi ng neans causes the error correcting/detecting code inmediately
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degenerate code, which adaptively degenerated on the basis of the nunber of
bits determ ned by the determ ning neans. 5 A third decodi ng
system according to the present invention, conprises: decoding neans for
decodi ng a code string, which is coded to an error correcting/detecting

code and intq %é% § synchroni zation code is inserted; SsyncpERfvedaissd"
code detectin ¢ or detecting the 10 synchroni zati on code in the

code string; and determ ning nmeans for deé%4nining t he nunber of bits of an
i nformation, which is coded to an error correcting/detecting code
I medi ately before the synchroni zation code in the code string detected by
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Thus, in the third codi ng/ decoding system since a 20 degener ate code
degenerated to the nunber of bits required to code the information bit
remai ning at the end portion of a synchronization interval is used as the
error correcting-/detecting code inmediately before the synchroni zation
code, it is nokydemsisgied to use many 25 i nserted bits in orget/Iberoosss
conpensate the remainder of the information_bit at the end portion of the
synchroni zation interval, so that the codinalifficiency can _ be i nproved.
(4) A fourth coding system according to the present invention, conprises:
codi ng nmeans for coding a 30 code string containing kinds of input
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35 A fourth decoding system according to the present invention
conpri ses: decodi ng neans for decoding a code string, which is coded to a
different kind of error correcting/detecting code in accordance of the
kind of information, to generate the original information; and neans for

det erm ni ng t?«a%}?%, of the error correcting- /detecting codgcpspobigeedasi s
of the kind of “i'nformation 5 generated by the decoding neans, to inform

t he decoding neans. Thus, in the fourth c&6ng/decoding system in a case
where the codi ng/decoding is carried out by switching the error
correcting/detecting code in accordance with the 10 ki nd of information,
the codi ng system.sw t ches
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correcting/detecting code in accordance with the kind of information of the
| nput code string, and the decodi ng system determ nes the kind of the error
correcting- /detecting code on the basis of the decoded information to 15
carry out the sanme switching as that of the coding system Therefore, it is
not required t avopispssapiheader information representative of thedfiypshgebest e
error correcting/detect- ing code unlike cogwfntional systens, so that it
i s possible to renove the overhead due to tfte' header 20 i nformation. (5)
A fifth coding system according to the present invention, conprises: code
string transform ng nmeans for transform ng an input code string other than
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nunber of bits before and after the predeterm ned synchroni zati on code

I nserting positions in an output code string, so that a humm ng di stance
fromthe synchronization 30 code is equal to or greater than a
predet erm ned val ue; coding nmeans for coding a code string transformed by
the code stri%ﬁs%gfprm ng means, to an e_rr_or correcti ng'.’r@‘f‘bﬁ&hb ~code
conprising an intornation bit and a check bit; and code string asse I ng
nmeans for inserting a 35 synchronization2dde into any one of a plurality
of predeterm ned synchronization code inserting positions in the out put
code string, for arranging the information bit -12- at an optional
position in the output code string, a
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arranging the check bit at a position other than the synchroni zati on code

I nserting positions in the output code string to assenble the output code
string. 5 A fifth decoding system according.to the present

i nvention, conprises: synchronization code detecting neans for detecting a
synchroni zat i oy @fRegit @ predeterm ned synchronization code ipes@pdrioosss
position and in an I nterval of a predeterm %p nunber of bits before and
after the 10 predet er mi ned synchroni zati oh“code inserting. position, on
the basis of a code string, which is coded to an error correcting/detecting
code conprising an information bit and a check bit and into which the

synchroni zat i ongandel <ot FHTFEEMREDL Yt 0 #ERASED ] 0 SHNHEH ARG HiEeE

string to 15 extract the information bit of the error correcting-
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t he synchroni zati on code i'nserting position; decoding neans for receiving
the information bit and the check bit 20 extracted by the code string
resol ving means to decode the error correcting/detecting code; and code
string transform ng nmeans for transformng a code string other than the
synchroni zat i §fd§e; Which is transformed so that .a hunmi ngy E& from
t he synchronig§¥|on éode in the 25 code string decoded by t a%ﬁco

means is equal to or greater than a predet@mi ned val ue and which eX|sts at
t he synchroni zati on code inserting position and in an intefval of a
predet erm ned nunber of bits before and after the synchroni zation code

I nserting p05|t|on into the original 30 code string. Thus, in the fifth
codi ng/ decodi n@ ¢em the input code string is transforned in the
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predet erm ned nunber of bits before and after the 35 synchroni zati on code
inserting interval so that the hunmi ng distance is equal to or greater than
t he predeterm ned val ue, and the decodi ng systemcarries out the reverse
-13- transformation of the input code string, so that the same bit pattern
as the synchronypatsses code is not contained in this intervalpcr/aper00864
Therefore, even if the transm ssi on/storag%fﬁf a bit string coded through
ab transm ssion line or a storage nedi um¥ ér 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
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code strings if the nunber of |ost/added bits is equal to 10 or less than
a predeterm ned nunber of bits, so that the decodi ng systemcan correctly
carry out the synchroni zation detection. (6) A sixth coding system
according to the present invention, conprises: nultiplexing nmeans for

mul tiplexing 15 kinds of conpressed codes, which are obtai peghyit¥eoses
conpr essi on cH@FG4h i nput signal, to produce a nultiplexed coggﬁstring;

and code string assenbling neans for inputdBng the mul ti pl exed code string
to assenbl e an output code string, wherein the code string assenbling 20
means inserts a synchronization code into any one of a plurality of
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25 periodically predeterm ned synchroni zati on code inserting positions in
the output code string, the code string assenbling neans inserts a stuffing
bit into the output code string, or periodically determ nes the plurality
of synchroni zation code inserting positions in the output code 30 string
and inserts an {f HRERYI on (a pointer information) representat pefyhobdes
boundary of the nultiplexed code string, to:%gsert the synchroni zati on code
into any one of the plurality of synchronizatiron code inserting positions.
Thus, the synchronization code can be inserted only into 35 any one of
the plurality of periodically predeterm ned synchronization code inserting

positions. The st@DigEsMME) i s preferably a code, which can be
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-14- uniformy decoded in a backward direction of the output code string.
Thus, if the decoding system conpares the decodi ng end position of the code
string imredi ately before the stuffing bit with the starting position of
the stuffing 5 bit, it is possible to easily detect an error in the input

code string. I\/tra?rgg%@; the hunm ng di stances of the stuffingpiipdriogusyt he
synchroni zati O and the part thereof are preferably equal to or

greater than a predeterm ned value. 10 3dis, there is an advantage in
that the probability of the occurrence of a pseudo synchroni zation. A sixth
decodi ng system according to the present invention, conprises:
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basis of the position of the synchronization code detected by the
synchroni zati on code detecting neans fromthe input code string, to produce
a conpressed code string; and decodi ng neans for decoding the conpressed
code to output 20 a reconstructed signal, wherein the synchronization
code detecting wemsseet ects the synchroni zati on code at a pl upct/iroyonsts
periodically predeterm ned synchroni zation %Pge I nserting positions in the
~input code string. Thus, in the case of the“sTxth codi ng/ decodi ng 25
system since the coding systeminserts the synchroni zation code into the
mul ti pl exed code string, which is obtained by nmultiplexing kinds of

conpressed code gl izodi cal |y predeterm ned synchronization
code inserting Eggﬁ%ﬁs,& t he g’:%oé(}l’ ng systemmay carry out the 30
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code detecting processes can be decreased in conparison with conventional
systens for inserting a synchroni zation code into a code string at an
optional position. In 35 addi tion, in accordance with the decrease of the
nunber of the synchronization code detecting processes, it is possible to
decrease the Rygbpkgy ty that a pseudo -15- synchroni zati 0864
because of the bit string inputted to theoggfoding system changed to the
sanme bit pattern as the synchronization c due to bit error. Therefore,
according to the present invention, it is possible to 5 decrease the
nunber of the occurrences of the pseudo synchronization, so that the
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synchroni zati on code detection can be decreased. (7) In a seventh coding
system according to the present invention, code string transform ng neans
i s added 10 to the sixth coding system The code string transform ng
means transfornms a code string other than said synchronization code, which
I s arranged at weloslasggnchroni zati on code inserting position i np&airdrGugé Ut
code string, so that a hunm ng di stance fromsaid 15 synchroni zati on
code is equal to or greater than a predeterm ed val ue. A seventh decodi ng
system - according to the present invention, further conprises: code string
transform ng neans for transform ng a code string other than the 20
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synchroni zation code inserting position of the input code string, into the
original code string. 25 Thus, in the seventh codi ng/ decodi ng
system in addition to the construction of the sixth codi ng/ decodi ng
system the bit insertion in view of the error of the synchronization code,

i.e., the tr%g;}#w'tion of the humm ng distance of the bit Mjrggowanged
synchron

at the 30 I zation code inserting position fromthe

synchroni zation code, is carried out, so Bt the sane bit pattern as the
synchroni zation code is contained in the bit code string. Therefore, it is
possible to ensure that the error detection of the synchronization code
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-16- Furthernore, in the present invention, the synchroniza-tion code is a
code string, which is inserted into a code string for synchroni zation
recovery and which can be uniformy decoded. For exanple, if a code string
5 for inserting a synchronization code is a nultiplexed code string,
which is obtai nedotyysspptl tiplexing a plurality of kinds of conpagmpetesades
obt ai ned by conpression codi ng an i mage sigggé I nputted for each frane, the
synchroni zation code is a code representati of a 10 partition of a
coding frane, partitions of the.plurality of kinds of conpressed codes, and
other partitions. As described above, according to the present invention,
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(1) According to the first coding/decoding system 15 t he synchroni zation
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 synclipisé@ii on code inserting 20 positions. Thepeisrodmoseyen if
the sane bit pattern as the synchroni-zati,on code occurs in the check bit,

the sane pattern as the synchronization cB e does not occur at the
~synchroni-zation code inserting position, and, in theory, there is no
probability that synchronization is detected. 25 In addition, if
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30 the synchroni-zation bit. (2) According to the second codi ng/ decodi ng
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
transform ng process is carried out 35 so that the hunm ng di stance from
t he synchroni zaW@#/3séde i s equal to or greater than the predeperorsrmosss
value with respect to the bit string arrange‘ﬂ at the synchroni zation

-17- code inserting position, and the decodi & systemcarries out the
backward transformation, so that the bit code does not contain the sanme bit
pattern as the synchroni zation code. Therefore, it is possible to ensure to
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5 error detection of the synchronization code fromoccurring due to the
errors of the supposed nunber of bits or less, so that the probability of

the error detection of the synchroni zation code is decreased. |In addition,
i f such transformation is carried out, it is possible to 10 di stingui sh

t he sy_nchroniaat')ggwpode fromthe other code strings even ifpef)yRhoeees i S
~mxed into the code string, so that the probability of the error detection
of the synchronization code due to errors4céhn be decreased. Mreover, since
the error correction/detection 15 coding is carried out after the code
word is transfornmed by the bit insertion, the error protection is carried
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decreased. In addition, since the bit insertionis carried out only into
the synchroni zati on code inserting position, the increase of the quantity
of cods due to the bit insertion is smaller than that in conventional
systens for 25 carrying out the bit insertion over the whol e code string,
so that the cogiggsefdi ciency is inproved. (3) According to tper/minmmnosss
codi ng/ decodi ng system since the error coryrgcting/ detecting code

i mmedi ately before the synchronization codé-gs a degenerate code, it 30

IS possible to decrease the nunber of inserted bits for conpensating the
remai nder of the information bit at the portion inmedi ately before the
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hi gh-efficiency conpression coding system such as inmage -18- and voi ce,
and switches the error correcting/detecting code in accordance with the
kind of the information of an input code string, and the decodi ng system
determ nes the kind of the error correcting/detecting code on the basis of

the 5 decogpirafppr mation to carry out the sanme swtchi ngpéﬁ,ﬁg?,a‘;“pf t he
coding system Therefore, it is not required to add the header 1 nfornmation
representative of the kind of the error ﬂrecting/detecting code, and it
I's possible to assign the nunber of bits to high efficiency conpression 10
codi ng, such as imge and voice, so that it is possible to inprove the
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and sound quality. (5) According to fifth codi ng/decoding system the

codi ng systemtransforns an input code string so that a 15 hunmm ng

di stance in a synchroni zation code inserting interval as well as a hunm ng
distance in an interval of a predeterm ned nunber of bits before and after
t he synchroni zawoenassfle i nserting interval are equal to or grRCHEFS7RUE6H a
predeterm ned val ue, and the decodi ng syste&n 0 carries out the inverse
transformation of the input code string, so'that it is possible to prevent
the sane bit pattern as the synchroni zati on code from being contained in
this interval. Therefore, even if a bit string coded through a transm ssion

part o bt o TSR e e ehe2n 1, TRTERARMIK DRERL Lo o

transmtted/ storggh 2l - iBH AL RFL # OWbIHCE HESSBRB 1 1icihL, B
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AZIE. RS HRISiIcRT & Sicsync_0_len ¥ b “0” , 1Ew
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SR BEE. ANFSEARMOBMA Ssync__0_len Evy FORMOF»
E£H ShifiEic1 Ey hOFAE Y b SBEEAT 3,
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X5z, WALy S BXEMASBARMORHN Ssync__0__len E'v b
ORMOEF/ Y 54 £TBLickD, APFELE—OYy bty — v OHE
ERIFB LT, SOy b —VICBALKED ORIE BFHS 2 E0H
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equal to or less than a predeterm ned nunber of bits, it is possible to

di stingui sh a synchroni zation code from 30 ot her code strings, so that

t he decodi ng systemcan correctly carry out the synchronizati on detection.
(6) According to the sixth coding/decodi ng system since the coding system

i nserts synchwg,g,i,gg{n'ron codes only into synchroni zation codeptfg@fiobdsd
positions periodically 35 predetermined in a nultiplexed code string,

which is obtained by multiplexing kinds o 8onpressed codes, the decoding
system may carry out the synchronization detection -19- only at the
synchroni zati on code inserting positions, so that the nunber of the

synchroni zati on, £04e IhEHAN0 « 0" TH->THMAE Y hSBit “1” i3k,
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B0t X3RS ORRHOBREEL 771D}, KDHBLDE Y MK
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processes can be decreased in conparison with conventional systens for

I nserting synchroni zation codes into a code 5 string at optional
positions. In addition, since the probability that a pseudo synchroni zation
occurs by the variation of the bit string inputted to the decoding system
into the sane bybdopysdsper n as -t he synchroni zati on code, is decrrasror/e0864
accordance 10 with the decrease of the nqgﬁer of the synchronization code
detecting processes, it is possible to preverit the pseudo synchroni zation
according to the present invention, so that the processing quantity for the
synchroni zati on code detection decreases. 15 (7) According to
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of the humm ng distance of the bit string at the 20 synchroni zati on code
I nserting position fromthe synchroni zation code is carried out, so that
the sane bit pattern as the synchronization code is not contained in the
bit string. Therefore, it is ensured that the error detection of the

synchroni zat i g o5Qkg; does not occur with 25 respect to ergokspe? e
supposed nunber of bits, so that the probability of error det ectiolﬁo%?

synchroni zati on codes can be decreased. BRI&F DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a block diagramof the first and second 30 preferred
enbodi mrents of a dynam c i mage codi ng system according to the present

nvention, FS R 5 Y08 ATe L HAUS BN ET LY ER Y Berm
Wekyvary, E7Fv. GOBOEEMRSIAMT 3L bTKTH 3,
R158L0R1 6Dk5i. 7V—LRIHMPO INTERIHMLTRYETE
ZRHFSIE L3 REETE>TVE88. 7V-LEM#BPOINTERDA
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EHOTREBETE>THEL Thitk->TENy VEHOB bR LT
%,

FREERBD & 5 ITIRUBERFSZ5ILT 370D 9 v 7 1+ » VB FIT
PBE BT O & 5 IEBETS - TRIARF S ARMsync__period% FEARS
DORXLTICT BT LLTHETH 3,

7\ BESFSLEEOHAHNSLERICET 3>V THRIAT 3, o
T FRRBRESIcRTESicsync_0_len Evy b “0” &1 Fy b

“1” ol 3FBELTI, N2 30HNFSHEERBIcEWT, By MEAS
121155HALEEy MEERTHEIEL 2 2 1 %total __len &7 Hid.
total __len *EHIRS#EAMRsync_period T L 7-Bl&d. FFE0RY]
D “0" ®OE'y Fsync__0_len 55 1 %8|\ f={#%sync__period CBR L 7%
RE—HLiLE, THDE,

total __len mod sync_ period

= (sync__0__len — 1) mod sync_ period (L
ERokEE, EOELEOHAE Y Mrd (syne_0_len —1) E'y PHET
DOHAEy b “1° O (n1&73) ZHEML. “1° 32 Bho4kS
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35 FIG 3 is a block diagram of an output coding unit of the
dynam c i mage coding systemof FIG 1. FIG 4 is a diagramillustrating an

exanpl e of an

-20- output code string of the dynam c image codi ng system

of FIG 1. FIG 5 is a diagramillustrating an exanple of a synchronization
code. 5 wo973Bdeb. 6 is a block diagram of an error corr BEF/JRSH00864
/detection switching coding part in the ou t coding unit of FIG 3. FIG
7 is a block diagram of a code string assenbling unit of the output coding

unit of FIG 3.
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10 FIG 8 is a block diagramof the first and second preferred
enbodi nents of a dynam c i mage decodi ng system according to the present
invention. FIG 9 is a block diagramof an input decoding unit of the
dynam ¢ i mage decodi ng systemof FIG 8. 15 FIG 10 is a block
di agram of a gdesshf i N resol ver of the input decoding uni tpcuipst/68se4.

FIG 11 is a diagramillustrating an exa:g) e of a code string obtained by a
conventional error correction- /detectio i tching coding system 20

FIG 12 is a diagramillustrating an exanple of a synchronization code, in
which an error is caused by the addition/loss of a bit(s) in a transm ssion

line, for explai %ﬂﬁ tq%néﬁ)go%gir_gﬁw ed enbodi nent of the present

i nvention. 25 a di agram expl aining the operation of a
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bit inserting unit of FIG 3 in the second preferred enbodinent. FIG 14 is
a di agram expl ai ning the operations of a synchronization detector and an

i nserted bit renoving 30 unit of FIG 9 in the second preferred
enbodinent. FIG 15 is a diagramillustrating an exanple of a code string,
in which a synashoemssasti on protection is carried out using a PCITRINERML h
information in the first and second preferrseg enbodi nents. 35

FIG 16 is diagramillustrating another exanple of a code string, in which
a synchroni zation protection is carried out using a frane | ength
information in the first -21-
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and second preferred enbodinents. FIG 17 is diagramillustrating further
exanpl e of a code string, in which a synchronization protection is carried
out using a frame length information in the first 5 and second preferred
enbodi mrents. FIG 18 is a block diagramof the third and fourth preferred

enbodi nent s ofw@geflydagym C | Mage codi ng system according to. t hq,(ﬁr,ﬁ;ﬁg&?‘
i nvention. FIG 19 is a block diagramof an output coding unit 10 of the

third preferred enbodi ment of a dynanic i mBg@ codi ng system according to
the present invention. FIG 20 is a diagramillustrating an exanple of an
out put code string of the third preferred enbodi nent of a dynam c inmage

codi ng system accordj ng,to th esent 15 I nvention. FIG 21 is a block
di agram of the thi?g1 gnét?f §Ji{ihf5
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preferred enbodi nents of a dynam c i nage decodi ng system according to the
present invention. FIG 22 is a block diagramof an input decoding 20

unit of the third preferred enbodi ment of a dynam c inage decoding system
according to the present invention. FIG 23 is a block diagram of an out put

coding unit of wherssarth preferred enbodi nent of a dynam c |ﬁ&gmmvndn
system according to the present invention. d? FIG 24 is a block
di agram of an i nput decoding unit of the 8Bt h preferred enbodi nent of a
dynam c i mage decoding system according to the present invention. FIG 25
I's a block diagram of an exanple of an output code string of the fourth
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rule in a multiplexer of a dynam c inmage coding system FIG 27 is a bl ock

di agram of exanpl es” of out put 35 code strings of the fifth preferred
enbodi ment of a dynam c i nage codi ng system according to the present
invention. FIG 28 is a diagramillustrating other exanples of -22-

mul ti pl exi ng WH's?r?sAtbP a nultiplexer of a dynam c inmage codi Ng-S33b/hdkes F! G
29 is a diagram of an output code string, in which synchronization codes:
are processed when the 5 mul tiplexing shdwn in FIG 28 is carried out.
FIG 30 is a code table for explaining exanples of stuffing bits used for
the present invention.
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FIG 31 is a diagramexplaining a process in a decodi ng system when the
stuffing bits of FIG 30 are used. 10 FIG 32 is a diagram
expl aining the characteristics of the stuffing bits of FIG 30. FIG 33 is
a di agram of exanpl es of output code strings when a synchronization code

I nserting intemmdrasgoishorter than a synchroni zati on code. 15 PCTAP7/00864
FIG 34 is a diagram of exanples of the useﬁesf synchroni zati on codes of
different lengths. FIG 35 is a diagram of anpl es of out put code strings
of the sixth preferred enbodi mrent of a dynam c image codi ng system
according to the present invention. 20 BEST MODE FOR CARRYI NG QUT THE

enbodi ront s of CHETRRCRENE § RUERIEGENE HE-BorIm S5 CEUPTS 8L Xk, #4
] v oERS A (TOPA, resid _bit ERY) EHAL. TORKERIOFS
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descri bed bel ow. 25 (First Preferred Enbodinent) FIG 1 is a block

diagram of the first preferred enbodi nent of a dynam c i nage codi hg system
according to the present invention, wherein a coding system having an error
correcting/detecting code smntchlng function of the 30 present invention

I s conbi ned M%thé? {yy9h-ef ficiency conpression coding systempghineiobsees a
not i on- conpensa aéaptlve prediction and a discrete cosine transform

coding serving as a kind of an ort hogonal & ®ansform coding. A codi ng system
conprising the conbination of a 35 not i on- conpensated adaptive prediction
and a discrete cosine coding is detailed in, Literature 1

"I nternational A?t %nggzr?f_ {/uagg%%%gféilfg 1 %VJ:H& qit}|0 3LIEO7 L —An

OFEFIAE LD TV EHDOIEHME y b & LTROITE/RIENSETE S,
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e FEFSEPSC (Ba3Wizo—H) . 7V-LRWEHRPOINTERE
B4 I EREADETRIITE /MRBREFSAETESXS5LTHLRY.
wic, R¥w 724 »7Ey FSTUF FORKPIEHRHT S,
" E30 (2) (b) ik, EBLERS 9747 Ey FSTUF FOREHL
LTDRY w74 7 Ey FSTUF FORBROMERLEETHS, K30
(a) (b)) ODWwFhi. HARFESHORH A, E—RICESTES &R
<Hbh. hick>TRY v 74 7y FSTUF FOBBHERE—BIRE
TE3, #oTs R¥v 74 Y7 Ey b STUF FOEROFSHIORSHTH
BE. Y9747y FSTUFFOBBAEEHET S LICLD . TS
FichiciBA L7080 2RiHCE 3 Litic, RS SUHEICHSETEOR
BB Ric OB WS SOMSHIAERET 5 Z ENTES,
x51c. K30 (a) (b) DRERICFTRAYv T4 »FEY FSTUFF
2. ZOBGOE y KT 07 - THY, HB0 X5 EWMENBESIC
X B RIHHTRETH B0
K31, E30 (a) (b) ORBRIRLILRY v T4 ¥TEY FSTU
FF 2253250 EENBEORER LEbDOTH 3. K3 1 Tk AERSH
ANBOERORY v 7 4 7 Ey FORZERLTV S ThEMOERDR
PESEALBEOEAICRY vy 74 ¥/ Ey PEBALTRAROLEETIES O
L LAMETH B, B3 16, KE13101~3 10 3 REHRCHESLETS -
FIBADRY wT 4 T Ey FSTUF FORBORFER ( “XX X" TRY)
DEERTHROPTH Y. REIOHHMFHSKTUEERT . FEFICROH
BALTH LT, ERIESENTEIOAIREICIR, REIB1010X3i2X



-23- Yasuda, Maruzen (June 1991). Therefore, only the operation of the

coding systemw || be schematically described. In addition, it is assuned
that information bits are separated fromdetection bits in an error
correcting/detecting code 5 simlar to a BCH code. In FIG 1, with

respect to an iwgersssdginani ¢ i mage signal 131 serving as an objroTRIPYTOORE
coded, which is inputted for each frane, aﬁggtion-conpensated adapti ve
prediction is first carried out for each s regi on, such. 10 as a
macro block. That is, in a notion-conpensated adaptive predictor 101, a
notion vector between an input dynan1c I mage signal 131 and an i nmage

R P R e B
- BwhSTUFF@ﬁ%ﬁﬁﬁ—ﬁTéo

—h. FEFCBOARBALEBERR, XYy 74 7Ey FSTUFFO
ENOREROHSRTHEIZRN3102, 31030&51 Sy T4y
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PEHETZ, bl R¥v 74 7 Ew FSTUF FAREROWThORE
KHABELEWEER, BB -1-LHET 3,

AZv747Ey FSTUFFLRSRLOABEHET 3H4E. D or
v PORDEFBETHXIRELTHEN, 25582 ¢ickd, Xovo40Y
Ey FSTUFFZOHDITEDIA - BAORY OBRIVEERT 5 2 &4
T& 3%, ,

K30 (a) OFBRE. £F “0” THIHEROE Y b “1” T3,
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W CDXDICTEE, RORUEBERETETT3b00, HS{LcET 20
BERVHIREING, CDXHICLTDRI v 74 25y FSTUF FHEED
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15 signal 132 is produced by the notion-conpensated prediction on the
basis of the notion vector. In this notion- conpensated predictor 101, a
predi ction node suitable for coding is selected fromthe notion-conpensat ed
predi ction coding and the intraframe coding (prediction signal = 0), 20

whi ch directlwwgpgggﬁs the input dynam c image signal 131, tpdypshiiassst e
correspondi ng prediction signal 132. The Erediction signal 132 is inputted

to a subtracter 103, wherein the predictidBsignal 132 is subtracted from
t he i nput dynam c image signal 131 to 25 out put a prediction residual
signal 133. The prediction residual signal 133 is

cach bl ock halPRIT B B HE B ARG G5t o) IRATREAL, DO8 7 oBor BIFDRD bt e

T £oel {101 oo SRR LA C, M A P RAIAL 1 0% Brdhcn RS
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ZO—EEDNI Vv TERE (R vy 74 v7Ey FSTUFFORX-2) &
13, CDESIERF w747 Ey FSTUF F LEARFB B LK UFZ20—&4
DN Vv EREREERLE. A (RYvT74 7y FSTUFFOR
¥—2) BERBEBRI LK ID, FEFIRBROFEAL THRUERYSHRE
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F—DOEy b5 = BREL B, BURBARELTLE 5. ML,
B30 (a) ORERIRTRIv 74 7Ey FSTUFFIR, B32 (b—-
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divided into two parts, one of which is variabl e-length-encoded by neans of
a first variable |l ength encoder 106, and the other of which is

i nverse-quanti zed by nmeans of an inverse quantizer 107 to be 35

i nver se-di screte-cosine-transfornmed (inverse DCT) by neans of an inverse

di screte cosi neywd¢mxsoror ner 108. The output of the inverse di pCrape/oosssi ne
transforner 108 is added to -24- the prg%iction signal 132 in an adder
109 to produce a locally decoded signal. THiS |ocally decoded signal is
stored in the frame nmenory 102. On the other hand, the information on the 5
predi cti on node and the notion vector, which have been
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Tl FEBERICLEZ X v 74 VT Ey bREFEIS—BICESHEHE
Thb. TOBBAIBRTIEDERY v 74 v 7Ey bSTUF FOHEHRIORFSF
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determ ned by the notion-conpensated adaptive predictor 101, is

vari abl e- 1 engt h-encoded by neans of a second variable | ength encoder 110.
The variable |l ength codes (conpressed codes) outputted fromthe first and
second 10 variable length encoders 106 and 110 are nul ti pl exed by neans

of a multipl ewg.,éls}jmto be outputted as a nultipl exed code swcroeprdbdss The
mul tiplexer 11 outputs the nultiplexed code string 201, a FEC kind

identifying signal 202 15 representati®® of the kind of an error
correcting/detecting code correspondi ng thereto, and a synchroni zati on code
I nsertion request signal for requesting to insert a synchronization code.

synchr oni zat | b3S BYE -6t Sor RESTAPSG SUS TR BREHI RSB, o
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PADEy bz “1” THO. (1) TRNREEEBCEURNEARET SHER
»RDT 5,

(4) R¥ 974 ¥ ¥y bSTUF FRRUIFSFIO—EERLTOE Y b
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chick b, HAFSFIGICBALKLE Yy FROOITIEE/RIE2TRE S 2 &A%
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DLEORDE Sic. ¥ v T4 7 Ey b STUF FATFHED Al
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202 to kinds of error correcting/detecting codes of different error
correcting-/detecting capabilities, to produce a final output code string
205. In this preferred 25 enbodi ment, the output coding unit 200
corresponds to a coding systemaccording to the present invention. FIG 2
is a diagrami|lwostssiping a multiplexing flow in the multipl execT/irvinoséhe
multiplexing is carried out for each codin irane. First, a synchronization
code 30 301 is multiplexed. Wen the sgh hroni zati on code 301 is

mul ti pl exed, the synchronization code insertion request signal 203 is
outputted fromthe nmultiplexer 111, and the codi ng system 200 has notice

header s 203 35~ RERAORENS LRa PR AR R TS o7 i
(e e BN D IV RiSE sWtGle Mt o
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-25- a prediction node in a notion-conpensated adaptive predictor MCin
each region is nultiplexed, and a notion vector information 304 and a DCT
coefficient 305 of a predictive residual signal (hereinafter referred to as

asb "resi dua

DCT coefficient") are multiplexed. Wen the picture

header 302, tgﬁ),p,;ag%ction nmode information 303, the notion WelhPéroeesss
information 3 an

he residual DCT coefficient 305 are nultiplexed, the

FEC kind identifying signals 202 represerg@ @ ive of the kind of error

correcting- 10

/ det ecting codes correspondi ng thereto are outputted. The

error correcting/detecting codes of high correct-ing/detecting capabilities
are used for the picture
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header 302, the prediction node information 303 and the notion vector

I nformati on 304, which greatly deteriorate 15 the picture quality if an
error is mxed. On the other hand, if an error is mxed into the residual
DCT coefficient 305, it is possible to prevent the picture quality from
greatly deteriogglohmgePy detecting the error and setting the reciaPawoses be
zero. Therefore, the error 20 correctingdggfacity Is not required to be
hi gh, and only the error detection may be ied out. FIG.3 is a block

di agram of an output coding unit of FIG 1. The output coding unit 200
conprises a bit inserting unit 211, an error correction/detection sw tching

25 encoder 212 and a code string ag%engtigg | tgn213. FI G 4 shows an
exanpl e of an output code string 205 pf odtte byet out put codi ng unit
200. In FIG 4, PSC denotes a synchronization signal, PH denotes a picture
header, MODE
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denotes a prediction node information, M denotes a notion 30 vector, CHK
denotes a check bit of an error correcting- /detecting code, DOEF is a

resi dual DCT coefficient, and STUFF denotes a stuffing bit (an inserted
bit). This output code string 205 has the follow ng characteristics. (1)

The synchroniyggloh@dyefodes PSC are inserted into 35 only sylghpe?mdseat | on
code inserting positions indicated by arrows, which are arranged at regul ar

intervals (every sync_period bits). The &dngth of the sync_period is set
-26- to be greater than the length of the synchronization code PSC and the
maxi mum | ength of the check bit CHK The check bit CHK is shifted so as to

be arranged | AR 2SS RSt OMEREF S RA LB ORI RE LT
B HFEFIAS T T 5 RFEFRTERE

EWADC L ARRET ARRLEE,
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t he synchroni zati on code inserting position. 5 (2) The error
correcting/detecting code at the end part of a frane, i.e., a
synchroni zati on period between a synchroni zati on code PSC and the next PSC,
is a degenerate code for encoding only the finally remaining information
bit, and the swofshasygi bits STUFF having the nunber of bits 10PCTAJRIY0A864 ed
to displace the check bit CHK (CHK6 in the anple of FIG 4) are inserted.
(3) The FEC kind identifying signal repreé%%?ative of the kind and nunber
of the error correcting/detecting codes does not exist in the output code
string 205 of FIG 15 4. In this output code string 205, since the check

aynchroni zat | on M T RLE I FEa R E Rl SR BIFS R B FTMTS SRS R DY,
there is no prohgbliidl e xnAMEO Ly MCEHET 2HETRE, $H2 5 L5
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 FIRBLERE.

RIEEED ITIE RIS OB L MRS O EOMEIE U T B
BUDBAERE. |

W3 L ESME T ARBEE,

8. WHOEEITSL TR ZMEORDITE RHFHHRLE LR
B EELL TEOWREERT S HSEFRE.

MRESHLERCER SN BHOBE, SRRV TE  RHFSOEEE
HE L CRIRE SHET B BT 5B,

AWA S EEBMET SRR, |

9. WARBHOFHED>NAESOENESBALREL ZOMROTH
BB S By MEOKMICS 3 EMEFSLAO ANFSMNE BRSO

IV IERATHED Shi M RSB & S AT B RS RTR L.

HRRASTIERTRC X VRO RO RORSIIELHEEE » F BLU8R
By SR AEDITE RHFS ST 3 FFRE.

RS AR EFIOTFBES b RO RN SHALEO W ThiicE
HEEMAT S Lo, FREEEEy MR SFhOEROMR IR L.
BIEEREL y M ERFSIIFORNERNRFSEALELA ORI L T
 HRSIIEMES T T SREFRITERE ———

A A



20 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 frane is carried out as described in (2), it has been required to

i nsert many |nserted bits (dummy bits) in the prior art. 25 However, in

this preferrrép dyment, since the end of the frame has thecfgss te
er o

code, the nu nserted bits may be small. Mreover, as described in
(3), since the header i nformation represe@t@tive of the kind and nunber of
the error correcting/detecting codes are contained in 30 t he out put code

string 205, the anmpbunt of codes is not increased therefor. Conparing the
mul ti pl exed code string 201 of FIG 2 outE utted fromthe nmultiplexer 111

with the out putZd88edst &ialiBEsTd FFBEL=Mot he construct i on and operation
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out put code string 205 will be described in detail below Wen the
synchroni zati on code 301 is multiplexed in -27- the nultiplexer 111, the
synchroni zati on code insertion request signal 203 is outputted as descri bed
above. For exanmple, as shown in FIG 5, the synchronization code 301
conprises "O"swhon3sam O |l en bits, a "1" of one bit, and 5 PETIRYION864 Of
sync nblen bits representative of the kinq$ f the synchronization code 301.
The out put coding unit 200 outputs a synchfdni zati on code (PSC) serving as
an out put code string 205 fromthe code string assenbling unit 213 when
recei ving the synchronization code 301 and the 10 synchroni zati on code
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mul tiplexer 111. As shown in FIG 4, since the synchronization code 301 can
be inserted only at the synchroni zation code inserting positions arranged
at intervals of sync_period 15 bits, when the end of the output code
string 205 produced is not arranged at the synchronization code inserting
position, a s{yyfdhbit STUFF is inserted so that the synchpepigdibgtq code
301 is arrange t t%e synchroni zation code inserting position as described
| ater. 20 After the synchroni £8i on code 301 is outputted to the
out put code string 205, the picture header 302, the prediction node

i nformati on 303, the notion vector information 304 and the residual DCT
coefficient 305 are encoded as follows. The bit insertion into the
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occurring in the bit inserting unit 211. That is, if the sane bit pattern
as the code word of the synchroni zation code 301 exists in the output code
string 201, the bit 30 insertion is carried out, if necessary, in order
to prevent the synchronization code 301 from bei.ng not able to be uniformy
decoded. For exg8wissspi N a case where the synchroni zati on coderCaIPY1/60864
code word having continuous "0"s of sync_O_len bits as shown in FIG 5, if

a"l" is 35 inserted so that "0"s of Fh@skync_o_len bits or nore do not
continue in code strings other than the synchronization code 301, it is
possible to prevent a pseudo -28- synchroni zation from bei ng produced.
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As descri bed above, since the synchronization codes 301 are inserted only
at the synchroni zation code inserting positions, the bit inserting
operations for preventing the 5 pseudo synchroni zation from occurring nmay
be carried out only at the synchronization code inserting positions.
Therefore, a wowasqQeh val ue 221 representative of the total npEhsFe7odsedi t S
of the output code strings 205 produced is outputted fromthe code string
assenbling unit 213, and it 10 i s det el ned by the bit inserting unit
211 on the basis of the counted value 221 whether the bit insertion is
required. Assum ng that the counted value 221, i.e., the total nunber of
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nod B denotes a remai nder when Ais divided by B. In addition, in order to
decrease the probability 20 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 m xed
into the synchwn$’3sgolon code 301, it is required to determ necripgr/odiss

code word having a hamm ng di stance of n or less froma true
synchroni zation code in an input decoding unit of a dynam ¢ inmge decodi ng

system as described later is a synchronizg%yq?;§ode. However, if such a
Strings other than the 30

determnation is carried out while the co
synchroni zati on code 301 are as they are, bit patterns having a hamm ng
di stance of n or less fromthe synchroni zati on code may exist even in the

code strings other than the synchronization code 301. Therefore, if
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this is arranged at the synchronization code inserting 35 position, it
may be erroneously determned to be the synchroni zati on code 301.

Therefore, the bit insertion into the multiplexed -29- code string 201
is carried out by neans of the bit inserting unit 211, so that the code
strings other whsaeydsh@ synchroni zati on codes arranged at the PCT/JP97/00864
synchroni zati on code inserting positions in the nultiplexed code string 201
are 5 transforned so as to have a hunm ng distance of 2 * n + 1 or nore
fromthe synchroni zati on code 301. Specif%g?l t he nunber of "1"s
(assuned to be n0O) is counted in an inter erein O < totallen nod

sync_period [err]
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sync_ 0O len - (2 * N+ 1). If nOis equal to or less than 10 2 * n+ 1,
"1"s of 2 * n+ 1 -n0 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 15 wo9msssnsentati ve of the kind of an error PCT/JP97/00864
correcting/detecting code, is inputted to the error correcting/detecting
code switching encoding part 212. FIG 6 is a block diagramof an error
correcting- /detecting code swtching quggigggpart 212. A latch 20
circuit 603 is a circuit for latching a nd identify- ing signal 202.
When the output of a synchronization code fromthe multiplexer 111 to the
mul tiplexed code string 201 is conpleted to sfop the output of the
synchrqni zati on code insertion request signg 203, the latch circuit 603
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25 the FEC kind identifying signal
correction/detection encoder
encoder 604 carries out the error correction/detection coding of a code
string 222, which is outputted froma bit
basi s of the | aWheWsdéignal
check bit 632.
one bl ock is conpleted,

an error

In addition,

the error

604. An error

inserting unit 211,
623 to output an information bit 63CTar®hodses
when the error correction/detection coding of

correction/detecti on encoder
| atch of the next

202 to supply a | atched signal

623 to

correction/detection

a latch indicating signal 625, which indicg¢%sé§ e 35
i

FEC kind identifying signal 202,
circuit 603 latches in accordance with the latch indicating signal

supply

to the latc
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-30- the latched signal 623 to the error
The af orenenti oned operation is repeated
that the error 5
string 222 outputted fromthe bit insert
swi t chi ng t he woloss4sprrecti ng/ detecting
correct-ion/detection switching encoder

identifying signal 202 outputted 10 fr
FEC kind identifying signa
the tine that the coding of the error co
bl ock is conpl eted,
before this 15 swi t chi ng point.

000000000000000 0 |

202 is Iatcqu/qigt

correction/detection encoding 604.
in the output coding unit 200, so

correction/detection coding of the bit-inserted code

ing unit 211 is carried out while
code in the error  PCTAP97/00864

212 on the basis of the FEC kind
omthe multiplexer 111. Since the
he latch circuit 603 only at
rrecting/ detecti ng code of one

the sanme error correcting/detecting codes are applied
For exanpl e,

in a case where the picture
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header 302 uses an error correcting/detecting code FECL and the prediction
node i nformation 303 uses an error correcting/detecting code FEC2, if the
nunber of bits of the picture header 302 is smaller than the nunber of 20
information bits of one block of the FECL, the FEC1 is used as the error
correcting/ det ewogrageoeode of the subsequent prediction node ipdTsmybeses
303 until .the nunber of bits of the picture header 302 reaches the nunber
of information bits of the FECL. 25 FIG 7 is a block diagram of
a code string assenbling unit 213 of FIG.6?.9§Eﬁ code string assenbling
unit 213 conprises a counter 701 for coun A e nunber of bits of the
out put code string 205, a buffer 702 for tenporarily storing the check bit
632 and the nunber of 30 bits thereof, a switch 703 for switching the
out put code string 205, and a switch controller 704 for controlling the
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switch 703. The counter 701 is reset to be a value of a synchronization

code |l ength sync_| en when the 35 synchroni zati on code insertion request
signal 203 is inputted, and counts up sequentially fromthe next bit of the
synchroni zati on code until the next synchronization -31- code is

i nputted. The @\d978840103 i s operated so that the informati on BETIRSZN0864
outputted before the initial check bit 632 is inputted after the

synchroni zation code is inputted. Wien the check bit 632 is inputted, it is
stored 5 in the buffer 702 and the nunb?n/q§gbits t hereof (the nunber of
check bits) 711 is outputted fromthe buffer 2 )
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to the swtch controller 704. The switch controller 704 controls the switch
703 on the basis of the nunber 711 of check bits and the 10 count ed val ue
221 of the counter 701 so that the check bit is displaced in order to
prevent the check bit 632 from being outputted to the synchronization code
inserting posiydémsasi descri bed above. For exanpl e, assumi ngPEWIPIODREE ed
val ue 221 is bit_count and the nunber 711 of check 15 bits is checkl en,
the information bit 631 is outputted when bit_count nod sync_period <
sync_period - check_1 en, and a check bi ‘]qg§§tored in the buffer 702 is
out putted when sync_period - check_len [err] Totalbits nod sync_period <
sync_peri od. Thereafter, the.20 af orenenti oned process is repeated
while the information bit 631 and the check bit 632 are inputted. As

descri bed above, since the output coding unit
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200 uses a degenerate code as an error correcting/detecting code at the end
portion of one frame and perforns the bit 25

check bit,

it performs operation different from usual
portions other than the end portion. That is, when the output of the

I nsertion to displace the

oper ati ons of

mul tipl exed codwosawassng 201 of one frane is conpleted, the nul pcplrfovRbast 11
out puts a synchroni zation code insertion request signal 30 203 for the

next frane.

in the error correction-
performs the error correction/detection c _
assum ng that a shortage of the information bits 631 35

I n response thereto,
/[ detection switc

A

the error correcting/detecting code 604
oding part 212 of FIG 6
I ng a degenerate code,
of the error

correcting/detecting code is a predeterm ned bit pattern outputted from an

inserted bit gengyatq

al |

bits are

r 705. This bit pattern may be a
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-32- "1"s or "0"s, or may be a specific repeated pattern such as
"0101[err]". This conpensated inserted bits are not outputted to the
information bit 631. In the code string assenbling unit 213 of FIG 7, 5
after the information bit 613 is outputted to the end, the switch 713 is
swi tched from tvwe ofrdssegenerator 705 to the input, and the i nsRAIAMITNOBE ar e
inserted so that the check bit 713 stored in the buffer 702 is arranged

i mredi ately before the next synchroni zation code. Assuming that the 10

- counted val ue 221 of the counter 701 is tpH0OaV1$3 when the |ast information
bit 631 of one frane is outputted and that the nunber of the finally
outputted check-bits 632 is |ast_check I en, the nunber of inserted bits

stuffing_len
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is stuffing_len = sync_period - |astchecklen - 15 (totallen nod
sync_period). Furthernore, in a case where no degenerate code is used, it
is required to insert (into_len - last_intolen) bits, which is a shortage
of the last information bit lastintolen fromthe usual information bit
intolen, and towbnssssr a shortage of bits 20 for di spl aci ngPGTABRITN8GK
bit. Therefore, it is required to insert nore inserted bits than those in
the use of the degenerate code, by intolen - lastintolen + (intolen -

| ast _into_|len) nod sync_period. Thus, afgp;é}gfgcode string assenbling unit
213 25 outputs the information bits 631 an he inserted bits to the

out put code string 205 via the switch 703, and it finally outputs the check
bit 713 to the output code string 205. The first preferred enbodi mrent of a

dynam c i mage

sync-0-lenE« b .
(a) X190 0 0 ¢ 011 X
(c) Xix 0 0 0 5 6to 1
Ey bk
(e) Xi0 | 0 0 x;fg 010 1
Ew MMiho

A
|

FIAE ST syncO-lent+ 2 Ew b
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30 decodi ng system according to the present invention, wll be

described below. FIG 8 is a block diagramof a dynam c i mage decodi ng
system corresponding to the dynam c i mage codi ng systemof FIG 1. The
out put code string 205 outputted 35 fromthe dynam c i mage decodi ng
system of FI G wopzassass t hrough a transm ssi on/ st orage syst emHRGT/iBe7/00864
inputted to an i nput decoding unit 800 as an input code string 205 . In

-33- this preferred enbodi nent, the input decoding unit 800 corresponds to
a decoding system of the present inventige AThezinput decoding unit 800
switches error correcting/detecting codes on the basis of a FEC kind
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5 identifying signal 802 representative of the kind of an error
correcting/detecting code outputted froma downstream denul ti pl exer 811,
out put a code string 801, which has been error correction/detection
encoded, a synchroni zation code detection signal 803 and an error detection
signal 10 804wo oissodenul ti pl exer 811 receives the code strirCF/ BP9uY8he
synchroni zati on code detection signal 803 and the error detection signal
804 to separately output a prediction residual signal 841 and a

not i on- conpensat ed adaptive prediction iﬂgqﬁg? { on code 842. 15

The prediction residual signal 841 and t DtTon- conpensat ed adaptive
prediction information code 842 are inputted to first and second vari abl e

| engt h decoders 806 and 810, respectively. For a residual DCT coefficient
831 decoded by the first variable | ength decoder 806, a 20 series of

to

processes are carried out, i.e., thessnverse — =
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guanti zation is carried out by nmeans of an inverse quantizer 807 and the

i nverse discrete cosine transformis carried out by neans of an inverse DCT
unit 808. Then, the processed residual DCT coefficient is added to a 25

not i on- conpensat ed adaptive prediction signal 832, which is an output of
the notion-coRpspns@d adaptive predictor 801, in an adder SFETIBIINI864
outputted as a reconstructed i mage signal 850. The reconstructed inmage
signal 850 is outputted to the outside of the systemand recorded in a 30
frame nenory 820. The notion-conpensat gdfgdaPBi ve prediction information
decoded by the second variable | ength decoder 810 is inputted to the

not i on- conpensat ed adapti ve predictor 801 to produce the notion-conpensated

adaptive prediction signal 832. 35 The af orenenti oned. processes
are processes for producing a dynang-e~Tmage—g0 as to correspond to the
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dynam c i mage coding systemof FIG 1. The processes of
quanti zer 807,
820 are basically the sane as those the inverse quantizer

DCT unit 108,
realizing nme

the inverse DCT unit 808,

t he adder

pe different.

-34-

the i nverse

t he adder 809 and the frame nenory

107,

the i nverse

109 and the frame nenory 102 al though the 5

I n additi on,

and second vari able | ength decoders 806 and 810,
the input decoding unit 800 are inverse processes to those in the variable
| ength encoders 106 and 110, the nultiplpxex 311 and the 10

unit 200,

t he process

(IRYYI864; | | st

the demul ti pl exer 811 and
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FIG 9 is a block diagram of the input decoding unit 800. The input
decodi ng unit 800 conprises a synchroni-zation detector 901 for detecting a
15 synchroni zation code in the input code string 205 , a counter 902 for
counting the nunber of bits of the input code string 205 , a code string
resol ver 903 f (o émsaivi ng a code string into information bit 8CHIPITHPRE4
check bits 913, an error correction/detection decoder 904, and an inserted
20 bit renmover 905. The synchroni zation detector 901 detects synchroni -
zation codes only at the synchronization/goge3Fserting positions on the
basis of the counted value 911 of the counter 902. For exanple, assum ng
that the interval 25 bet ween the adjacent synchroni zation code inserting
positions is sync_period, the counted value 911 is bit_ count, and the

| ength of the synchronization code is

n.C>-22h¢ug§
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sync_l en, the synchronization detection is carried out only when 0 <

bit _count % sync_period [err] sync_len. 30 Furthernore, the
synchroni zati on code nmay be detected in view of errors in the

synchroni zation code. In the bit inserting unit 211 of the output coding
unit of FIG @oohbsdphe code string is transformed by insertiBgABPYO8, a5
to have a humm ng distance of 2 * n 35 + 1 or nore fromthe

synchroni zation code in view of errors of n bits or less, even if it is
determ ned that the code string having azumgisng distance of n or less from
a true -35- synchroni zation signal is a synchroni zation code, error
synchroni zati on detection does not occur when the error of
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n bits or less is mxed. FIG 10 is a block diagramof the code string 5
resol ver 903. The input code string 205 is switched into information bits
1021 and check bits 913 by neans of a first switch 1002 controlled by a
controller 1001 which will be described later. Wien the information bits
1021 are out putweardsdeim the first swi tch 1002, an i nfornati on POI/IPYIM0864

| ength of the information bits 1021 are transmtted to a buffer 1004 via a
second switch 1003 to be stored therein. A counter 1005 counts the nunber
of output bits fromthe second switch 100 / Z3Fonparator 1006 conpares a
counted val ue 1023 of the counter 1005 with an 15 information bit |ength
1024 outputted froman error correct-ing/detecting code information output
unit 1007. When both are the same, the counter 1005 is reset, the FEC kind
identifying signal 802 represent ative of the kind of

FIG, 19
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an error detecting/correcting code is |atched by neans of 20 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 corpgrdisesadet ecti on decoder 904 shown in FIG 9. BETAPI700864 — ,\o
descri bed above, the check bits of the error correcting/detecting code are
di spl aced to be arranged between the information bits of the error correct-
i ng/ detecting code after the code string@2@533The controller 1001 controls
so that the displaced check bits 30 are separated fromthe information
bits. Wen the input of the information bits of the error
correcting/detecting code of one block is conpleted, the counted val ue 1023
corresponds to the information bit | engitr—t624_indhe conparator 1006. In
response thereto, the controller 1001
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| ength 1025 fromthe error correct- ion/detection
informati on output unit 1007, and cal cul ates the positions of the check
bits arranged between the next -36- information bits. Wen it is

determ ned by the conparator 1006 that both correspond to each ot her,
assum ng that "WRI%¥H4MHt ed val ue 911 of the nunber of input bi PETIPIHONRS4COde
string 205" is bit_count and the check bit length is 5 check _len, the
check bit starting position checkstart is checkstart = (bitcount /

sync_period + 1) * sync_per iod - checké?gpy/ the check bit end position

checkend is check_end = (bitcount / sync_period_ + 1) * sync_ period. The

controller 1001 controls the swi tch 1002 so

35 recei ves a check bit
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10 that the check bits 913 are outputted fromthe checkstart to the
checkend of the counted value 911. Since the end of one frane is a
degenerate code and the error correction/detection encoding thereof is
carried out, it is specially processed. Wen reaching the end of 15 one
frame, a si gnaW®BYB5Mpresentati ve of the detection of the neRCTAPYIODBGH S
outputted. In response to this signal 803, the controller 1001 cal cul ates
the positions of the check bits of the |ast error correcting/detecting code
of the frame and the nunber of insuffici2ft MBF of the 20 information
bits. It is assuned that the counted value 911 of the nunber of bits of the
code string 205 inputted when starting to input the |ast error

correcting/detecting code of one frane is pre_last_count, the counted val ue
ring 205 of one franme is conpleted 25

911 when the input of the code s
is total _count, the counted up 911 during the procegs
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Is bitcount, the check bit length of the last error correcting/detecting
code of one frane is last_check |len, and the check bit Iength of the error
correcting/detecting code inmediately before of the last error 30
correcting/detecting code is pre_last_check len. First, the excess and
defi ci ency ofwioshesewrti on bits due to the error correcting cBEEIRIZMME o
degenerate code and due to the insertion of bits is cal culated. Anobng the
information bits of the last error correcting/detecting code of one 35

frame, the nunber of bits contained i n22e/@Bput code string 205,

| astinfo_len, is lastinfolen = total _co unt - |ast_check_|len -
pre_ | ast _count - prelastchec -37-
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k_len.
error correcting code infolen, it

code is a degenerate code. In addition,

in the range of fromlast_into_len to infolen,

When last _ info_ len is shorter than the information |length of the
is determned that the error correcting

when the counted value 1023 5

the switch 1021 is sw tched

is

to a bit pattewosmdsdutted froman inserted bit generator 101PCTUBIAR up

for the deficiency of
pattern fromthe inserted bit generator

1015 generates the 10
it

information bits due to degeneracy. The output bit
same bit

pattern as that of the inserted bit gengP@ 9t3&05 of FIG 7 of the encoder.

On the ot her

the information bits 15
counted val ue 1023 is equal

o
QD

[ S D e S e — ——— — —

to or greater than info_len
ro

S~

hand, when |astinfolen is longer than info_len,

determ ned that the error correcting code is the inserted bit part,
912 are not outputted for the portion wherein the
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respect to the check bhits,

as check bits,

bit _count [err] total count.

decoder

are outputteqm65

20

The error

the switch 1002 is controlled so as to out put,
t he output code string 205 when total count

- check_len <
correction/detection

904 receives the information bits 912 and the check

e code string resolver 903, and decode 't

g64 Whi ch

e error

correcting/detecting code on the basis of the FEC kind identifying signal
914 representative of the kind of 25

| at ched by the latch circuit 1008 of FE
code string 915 and an error detection signal

the error correcting/detecting code

string 915 is inputted to the inputted bit

renover

905 30

renover

/lEZ3to output an error corrected
804. The error corrected code
905. The inserted bit
renoves the inserted bits for preventing the pseudo

synchroni zation signal inserted by the bit inserting unij 211 of the output

codi ng unit 200.

As descri bed above,
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since the bit insertion is carried out only at the synchronization

inserting position, the synchronization 35 inserting position is
determ ned on the basis of the counted value 911 of the counter 902. For
exanpl e, when the synchronization code word is -38- that shown in FIG
and when the Wwotereswerting unit 211 inserts bits into the p 1y /00864

"0000[err]"™ of the first synclen bits of the synchroni zati on code so that
t he hunm ng di stance fromthe synchroni zation code is greater 5 than 2 *
n + 1, the nunber of "1"s (= n0) of "sYPOLF8n - (2 * n + 1)" bits from
t he synchroni zati on code inserting position is counted. Wien the nOis
equal to or less than

(306
COEF

304
MV

F1G, 26
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2*n+1 2*n+1- n0 bits are renoved. However, since it is determ ned
that the inserted bit is "1", when the bit 10 determ ned as the inserted
bit by the inserted bit renmoving unit 905 is "0", it is considered that an
error is mxed in the synchronization code inserting interval. In this
case, the erroWA¥Es#i on signal 804 is outputted. Thus, the ®CTIAIPIODE6]
801 decoded by the input 15 decoding unit 800 is inverse nultiplexed by
means of the demulti-plexer 811. This Léé%eoggion for separating and
output-ting the nultipl exed code word in FIG 2. This inverse
mul tiplexer 811 works with the first and second variable | ength decoders

- First, when the synchroni zati on code detection

806 and 810. 20
signal 803 is inputt FLOUt put system Efw__
demul ti.pl exer 811 ret S ne_initi state 51 the frame—prodgss.
Then, the kind of tHe eryot + = Y P e
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correcting/detecting code to the picture header is 25 outputted as the
FEC kind identifying signal 802 representative of the kind of the error
correcting/detecting code, and the code string 801 is inputted to decode

t he picture header 302, so that it is determ ned whether there_i rror
in the picturavaenzsasn 30 When there is no error, the Kki nd’ca'f"%’l7 rror
correcting- /detecting code to the prediction node information 303 is '
outputted as the FEC kind identifying signal 802, and the code string 801
is inputted to demultiplex the predicti &Y #od8 i nformation to output it to
t he second variable 1ength 35 decoder 810. When all the prediction node
information is decoded, the second variable | ength decoder 810 outputs a

tyY3aviLre
(Session Layer)

—> SSC|—>1 S H > Picture Layer =1 SEC [—>
——e
(a)
EOFeL 1Y
(Picture Layer)
— PSC > PH > GOB Layer -
—
(b)
GOBL-1¥
(GOB Layer)
~1 GSC > GH MB Layer
(c)
NoOTJQvoL Ty
(MB Layer)
> —>-
MODE MV COEF -
(d)
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-39- signal representative thereof to the demultiplexer 811. In response
thereto, the demultiplexer 811 outputs a FEC kind identifying signha
representative of the kind of an error correcting/detecting code to the
notion vector.- 5 i nformation 304, and starts the denultiplexin gf t he
notion vect or wowassmt i on 304. The denul ti pl exed notion vect BF”&F?f B84t i on
is outputted to the second variable | ength decoder 810 to be decoded. Wen
t he decoding of all the nmotion vector information is conpleted, a signal 10
representative thereof is outputted fro@&pe FK#cond variable | ength decoder
810 to the denultiplexer 811. In response thereto, the denultiplexer 811
outputs a FEC kind identifying signal representative of the kind of an
error correcting/detecting code to the residual DCT coefficient,

"F_'\__,r
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15 and denul tipl exes the residual DCT coefficient 305 which is outputted
to the first variable | ength decoder 806. As descri bed above, the kind of
the error correcting-/detecting code is determ ned on the basis of the

mul tiplexing rule which is defined in the denultiplexer 20 811 so as to
be the sanme asWOSH35461 t he out put codi ng unit 200. Therefore, PCREPYHOE1
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, P92533 may be detected by the
error detection code that an error is mxed in the input code string 205 .
In addition, as described above, "an error of the inserted bits may be
detected by the inserted bit renmoving unit 905. In these cases, the error
detect{on code 804 is outputted fromthe 30 i nput decodi ng unit 800.

Mor eover, when a code word, which
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in the variable length code word table, is detected in the
it is determned that an error is m xed.

In addition, when it is determned that a part is against the multiplexing

rule 35 in the denultiplexing process in the demultiplexer 811, it is

det erm ned thawaenrasaeior is m xed. In these cases, the input ®ETEBITNG64NI t
-40- the foll ow ng processes so

800 and the denultiplexer 811 carry out
as not to greatly deteriorate the reconstructed inage. (1) Wien an error is

detected in the residual DCT coefficient3(pe33esi due of the corresponding
part is set 5 to be 0. Wwen a intra coding node is selected as a

does not exi st
vari abl e | ength decodi ng process,
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predi ction node, the reconstructed inmage signal in the corresponding region
may be predicted on the basis of the reconstructed i mage signal in the
reconstructed frame and the surrounding region. 10 (2) I'n a case
where an error is detected in the prediction node information and the

noti on vect or, WtP3RA540he predi cti on node i nformation and the nBETNITABE4 or
information in the region, in which the error is detected, can be presuned

on the basis of the prediction node 15 i nformati on and the notion vector
med information are used.

i nformation in the surrounding region, &??}XEQp
When it is inpossible, the reconstructed imagée signal in the corresponding
region is predicted on the basis. of the reconstructed i mge signal in the

reconstructed frame and 20 t he surrounding region. (3) Wen an error is
detected in a picture header, '
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if the picture header is used as it is, there is probability that the
picture quality is very greatly deteriorated. Therefore, the reconstructed
i mge of the 25 | ast frame is used as the reconstructed i mage of the
current frame. In the aforenentioned processes (1), (2) and (3), when the
error has the WOPFR#Ate on the subsequent codes to the next s PEMBHat i on
code because of the use of the 30 vari abl e | ength codi ng, the sane
processes are carried out for that portion. Wiile it has been descri bed

t hat the synchroni zati on code detector }ngs:ts synchroni zati on codes
only at the synchronization code inserti tions 35 (at intervals of
sync_period bits), the loss of bits and/or the insertion of error bits may

occur in a transm ssion/storage nedium In such a case, the

~

sscC 000006000- 00000000 00006001 00010101
SEC 00000000 00000000 00000001 00101010
PSC 00000000 00000000 00000001 00000000
GSC '00000000 00000000 1

(a)

3411 34!4
PSC 0opooooc 60000000, 0000 000000

GScC  0000000){00000000 000000
| T
3401 oo 34537 ( 3402
(b) | 3412
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-41- synchroni zation codes nmay be detected at positions other than the
synchroni zation code inserting positions, and it may be determ ned that the

positions, at which the synchroni zation codes are detected, are
synchroni zation 5 code inserting positions.: (Second Preferred Enbodi nent)

Referring to FWe®738#1t hr ough 14, the second preferred enbodi RERAIPIII0086HE
present invention will be described below 10 In this preferred
enbodi ment, a dynam c i nage codi ng system and a dynam c i nage decodi ng
system can surely detect synchronizatioB®ye®¥f a code string is
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‘transmt-ted/stored in a transm ssion |ine/storage nediumin which the
nunber of bits is decreased due to the |oss 15 of a part of a bit string
or the nunber of bits is increased due to the addition of excessive bits.
"FIG 12 is a block diagram show ng the principle of a process for detecting
synchroni zati on when such addition- /loss of bits occurs. It is assuned
herein that the right 20 synchroni zat i-a& code conprises "0"s of
sync_0O_len bits and a "1" of one bit as shown in FIG 12(a). Furthernore,
in FIG 12, "x" denotes a bit other SHEDIFZCRYMION oni zati on code. FIGS

12(b) through 12(e) show @qﬁf§ga§¥§TEM C%%%Bbiﬁbig?ﬁ%@ﬂp I s changed by
a

-the addition/loss of bits. I's assuned hereint € nunber of
added/l ost bits (Nid) is one bit at the maximum FIG 12(b) shows that one

bit is elimnated froma bit stringgeNcadr2FIELD

5 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

10 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
15 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
20 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
25 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
30 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
35 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.



‘synchroni zati on code, so that the whole synchronization 30 _codé'is
shifted forwards by the one bit. FIG 12(c) shows that one bit is added to
a bit string before a synchronization code, so that the whole
“synchroni zation code is shifted backward by the one bit. FIG 12(d) shows
that a bit is elimnated froma synchroni zati on code, so 35 that the
bits after the bit elimnating position i42H cated by the arrow are shifted
forward by one bit. Mreover, FIG 12(e) shows that one bit is added to a
synchroni zation = -AMoweyex atint kucbi 8 methed fiosiddding rdicodiecd tirgnghe
arrow, so thatoptiddd syad tiigh-er diid Y BOmPRELLLBA A8&15Y Ik pagkwar ds
by the one bIIEorrecting/detecting codes to transmit and/or store the
codes, there is a disadvantage in that it is difficult to
5 be combined with a synchronous recovering 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- -
10 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

15 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

20 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

25 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.

30 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. '

35 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



In order to correctly detect synchronization even 5 if the addition/loss
of bits occurs, it is required to determne that the bit strings shown in
FI GS. 12(b) through 12(e) are synchroni zation codes. As can be seen from
"FIG 12, the nunber of "1"s contained in the interval of Nid bits at the

ri ght synchronization code inserting positions 10 is sync_O_len - 3*Ni d
bits at the maxi num Therefore, synchrorBzati on may be detected in the
interval of Nid bits at the synchroni zati on code inserting positions on the
decodi ng sideimarfthat the qorhengoé f'fi'sienoyaised dwetraidssiange i€ iess

than the af or eigRpli ety Adi® mddy BysdPLdd blﬁ'é‘t@é MREL8e bgtﬁm

synchroni zation code. |In addition, in the coding system code str?ngs are
transformed s@GIRE ¥R (COEPEBSASORIFIAESe3 (F LREBEHR bR )b ies nofosccur .
Mainly with redyeti the theodi déeeenceon famdydhaidtiddstidgi o ienkedbaent ,

such Cmmgm/d%§¥¥fgd5$§¥3 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.

10 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

15 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

20 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

25 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

30 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

35 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



20 will be described below. The whole construction of the second
preferred enmbodi nent of a dynam c inmage coding system according to the
present invention, is the same as that of the first preferred enbodi nent of
"a dynam c i mage coding system 25 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 i-aserting unit 211 in the first
preferred enbodi nent, the bit inserting operation is carried out only at
tﬂe Eync_hr oni zaf i esderiebentiargrBOvhiliethmvaing nOttse bilgdy epar in
the bit insertin .t ' . r Iy [ i [

i nsertion is gaorr%eggi loourf/](fe r# %‘gl&%cﬁggﬁﬁgggf gé\%éggo%g?ﬁgﬁfﬁﬁg%vgfﬁof
Nid bits in orfergnentievidiluencesh iy pie $FTO&n as the synchroni zation

code from bei ng produged ewampit,t 8 BZodindeiykiten/ | whschfidifibdnddsbgccurs

at the nqglmﬂgombining 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

10 - 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

15 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

20 prediction reéidual 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

25 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.

30 . 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

35 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



Assum ng that the counted value 221 in FIG 3 is total _len and the interval
bet ween the adj acent -43- synchroni zation code inserting positions is
~sync_period, the bit inserting unit 221 counts the nunmber of "1"s (assuned
to be =nO in the region of totallen nod sync_period = sync_ 0 len - 1 - 3 *
Nid on the basis of 5 total _Ien nod sync_period = sync_period - N d (nod:
excess operation), and inserts "1"s of "33-Nd + 1 - nO if nOis less
than 3 * NNd + 1. FIG 13 shows an exanple of the operation of the bit

i nserting unit Gidretveiosydeteectior coddt], sane drdangel) aftex® thendhedddr 1.

I'n this exanpl ein%f}ﬁ:&ﬂgh.: Zn a décBIiing system, the header information

is decoded, and the error correcting/detecting codes are
dedoded in accordance with the decoding of the'header
5 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

10 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

15 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

20 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

25 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

30 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

35 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



:3* Nid + 1 - n0O = 2 bits are inserted. By such bit insertion, it is
ensured that the nunber of "0"s of Nid bits in the synchronization code
inserting interval is equal to or greater than 3 * Nid 15 bits, so that
it is possible to uniformy identify synchronization codes. On the other
hand, the whole construction of the second preferred enbodi nent of a
dynam c i mage decodi ng system according 4é&-the present invention, is the
same as 20 that of the first preferred enbodi nent, except for the
operations of ¢Beasypalrlonondts atidet dotberdGll dnetweenncbet ad R eepdnover

905 in FIG 9%% rddi S00Y6n tEsadPerad | i Of erird NSerd §-dttent &P RIat905.

That is, the s roni zation detector 901 detects 25  synchronization
codes in the rekgeceoding LEF1GIEREH S HH'EF2r t he synchroni zation code

inserting position, invéfé®Fer, in a coding/decoding system for switching
5 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 pictﬁre'and/or voice -
10 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.
15
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

20 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

25 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

30 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.

35 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



to detect synchronization even if the addition/loss of Nid bits occurs at
the maximum First, it is determ ned whether synchronization 30 codes
exi st at every synchronization code inserting position. That is, assum ng
“that the counted value 911 of the counter 902 is bit_count, the nunber  of
"0"s (assuned to be = ns0) in the range of bit_count nod sync_period =
sync_0O_len - 1 + Nid is counted on the basi-s of bit_count 35 nod
sync_period = sync_period - Nid. Wwen n0 is below3 * Nd, it is

determ ned t hainf sypetdviraepresen tbritsive pf Hiker kdirod.o £ exdrto rFl G

14 shows oper addPRe¥BEBnYHRANELIOY Codfng must be added and which is
' transmitted and/or stored, to improve the quality of
information.

5 (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

10 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

15 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

20 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

25 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.

30 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

35 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



'sync_0 len =9, and Nid = 1. In this exanple, the nunber of "O's is counted
in the range that (bitcount nod sync_period) is from"1" to "8". In the
exanple of FIG 5 14, since nsO = 2, it is determned that a

“synchroni zation code exists. Then, it is deternmined what bits the code
string is shifted by the addition/loss of bits in the synchronization code
inserting interval, in which it is determge that a 10 synchroni zation
codes exists. In the case of sync_O_len bits shown in FIG 14, the shifted
anount from t hdepecsted othat the saws Bilt pasttkzatreraré r‘lﬂlda éipﬁmﬁqrﬁai)dt%ﬁfr?fter
searching a "13 [ [ RN len + 1.hits). rom
t he headgof th]ceoas€nc répnél agfl on coa;%{c%rgrgé&(%t e%étrcﬁ{gdgin%id{’on]s,l%%e ilst.d‘es}i ved
whi ch bit the Beare@dired 19 vsond t$RePEal Freofi gorxyachingi/datiestingde

determ ni ng r egidd fdas Pravehtihgy at PagtisulibkSbit PLELEIRbNd to insert
5 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
10 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
15 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
20 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
25 present invention, code string transforming means is added
to the first decoding system. The code string transforming
.means transforms a code string other than'the
synchronization code, which exists at a synchronization
code inserting position and which is transformed so that
30 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
35 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



~bit). On the basis of the derived results, the shifted anount is derived

from"the nunber of shifted bits = 20 first 1 pos - (sync_ O len + 1 +

Nid)" (forward shift in the case of negative, and backward shift in the

-case of positive). In the exanple of FIG 14, since first_1 pos = 10, the

nunber of shifted bits =10 - (9 + 1 + 1) = -1, so that it is found that
the code string is shifted forward 25 bygone bit. Unlike the first
preferred enbodinent, in the inserted bit renover 905, the inserted bit
renovi ng processdes igdidd€iingupoki tiiften i 1% esgabloftoNick tg:tsabetoithaanda

after the synchrogeég {ng aoggllugseghdnghgoabhbgqnnggg%}Qn cd

basis of bitcd

e nu of "1"s
~(assuned to bethm@e‘r%r%e)mnaé'cﬁﬂqrﬂta@%gl Sheﬁﬁfﬁrﬁeoﬁh{lcﬁo’ﬂh%ﬁﬂf“%@%%d

sync_0_len - lostBern M tnd89ntRPoRz081i80Usbdéd APhIteEBntained in the
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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



‘than 3 * NNd + 1, the "1"s of 3 * Nid + 1- nO bits are 35 renmoved. In the
second preferred enbodinent, if the region, in which the addition/loss of
bits occurs in a transni ssion -45- |ine or a storage nedium can be
“determ ned by sone nethod, the synchronization detecting process, the bit
Inserting process and the bit renoving process, which consider the
addition/l oss of bits, may be carried outipnly in that 5 regi on.
Furthernore, also in the dynam c i mage decodi ng systemin the first
preferred enbozhdrbmg meadesceubsed dhe ernde cyrcdetingAtetecddhegc idode

correspondi ng {pnbl8 ately 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.
5 "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
10 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
15 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
20 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
25 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
30 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. |
35 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



- addition-/loss of bits in a transmssion line and/or a 10 st orage nedi um
Is carried out. Therefore, the synchronization detector 901 may detect

synchroni zation in the synchroni-zation code inserting interval, i.e., in
“the interval of Nid bits, simlar to the second preferred enbodinent.  In
this case, although a pseudo 15 synchroni zation, which is erroneously

determ ned to be a synchronization code wiude being a portion other than
t he synchroni zati on code, may be produced, it is possible to inhibit the
quality of a nqrrnbmidgydageCMimgtnbd@;ithCCOrdaamaMththe kind of

synchronlzath\ﬁ?%ﬁg%igﬂseQBOth@f% th rg{@%}ﬁgioa o8 2 Q1 ﬁ%? he

st or age medi um ten ause the a 0SS O bItS SO t
pi cture qual | MPadh fRr dpFevBining 58&|FF6@ Oﬁftpﬁeeﬁaﬂqm?Oq?ﬁQWﬁﬁﬁ t he
addi tion/| oss /detddtif§CHb8ei OnatheabPaBissb@N then& i@ /od information

5 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

10 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

15 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

20 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

25 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

30 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

35 synchronization code into any one of a plurality of
predetermined synchronization code inserting positions in
the output code string, for arranging the information bit



.25 a storage nedium can be determ ned by some process, that process may
be carried out only in that region, and a usual synchronization detection
may be carried out in other regions. Mreover, in the first and second

-preferred 30 enbodi ments as described above, the synchronization may
further protected using information representative of the length of a frane
(which will be hereinafter referred to asi2-"franme I ength information").

FIGS. 15, 16 and 17 show exanpl es of code strings using a frame |ength
i nformati on 35at aRGhpEFbhal rpddictioaniyl ehef obtout]gode $takRdI| ey hEor

I nformation P%%&fggat%%e%é’éﬁ PP Qf 2 SEfRion other than the
synchronization code inserting positions in the output code
string to assemble the output code string.

5 . A fifth decoding system, according .to the present
- invention, cqmprlses: synchronization code detecting means
for detectiﬁg a synchronization code at a predetermined
synchronization code inserting position and in an interwval
"of a predetermined number of bits before and after the
10 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
15 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
20 - 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
25 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

30 . 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
35 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



>-46- correcting/detect-ing code for protecting the franme |length information
PO NTER are arranged i medi ately after a synchroni zati on code PSC. The
nunber of bits of the last frame, i.e., information representative of the
-nunber of 5 bits fromthe synchronization code of the |last frame to the
synchroni -zati on code of the current frane, is stored in the frame length

i nformati on PO NTER. The codi ng system ceasts the nunber of bits a code
string of one frame to transformthe counted nunber into 10 a frame

| engt h PO NTERtrandfosmatisnoof the imput code estiing/ de cthabrithen@afieng to

produce a Checﬁl@'#agﬁégn ;ge@heaéyﬁ HWBleé%fgn Load N Rl RGrsilRia

produces a code st lately a t he synchroni zati on code of .t he
next frame. 15in thl s DRERS Etahér- haﬁd‘%‘fﬁeﬁ Oth® (deR B My Sfsteme

transmission/storage of a bit string coded through a
5 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”ié“édual to
10 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
15 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
20 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
25 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
30 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
35 any one of the plurality of periodically predetermined
synchronization code inserting positions.
The stuffing bit is preferably a code, which can be



~detects synchroni zation codes by the sane nethod as those in the first and
second preferred enbodi nents, it takes the subsequent franme |ength
i nformati on PO NTER and the check bit CHKP out of the code string, and
carries out the error 20 correction/ detecti on decoding to decode the
frame length informati on PO NTER Then, the decoded frame | ength '
I nformati on PO NTER is conpared with a val4are derived by counting the nunber
of bits fromthe |ast detected synchronization code to the current
synchroni zat | omictmenP$ decbddede ineagbhckwamded ivaats)on tof ctize kowhpther

there is no eqy L6044 on «Pﬁuéyn%reﬂézaéeeala@d%?sﬂém tdtsn 4288 LRAILN

count ed val ue |s d|f erent from fhe code length | ast frane indicated
in the frane KeRgEHNoheBAREFHH POINTERS ?‘H‘%‘Fe‘”frs”}ﬂ dFmsdiatelynhefareo

synchroni - zat ithie §@d€ fiiBgebiOnentlslthedetaetefly positibdn ide thier 8Ba68shY
dEtECtEdffynCQEREi%%tkgnpggggbig gtéggl ngg¥ékt 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.

10 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

15 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

20 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

25 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

30 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

35 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



“using the franme length informati on PO NTER. That is, it is assunmed that a
synchroni zati on code, which could not detected, exists before the current
synchroni zati on code 35 by the nunber of bits indicated by the frame

"length information PONTER In this case, the interval between the |ast
detected synchroni zati on code and the current -47- synchroni zati on code
Is divided into two franes, i.e., the i mEfval between the | ast
synchroni zati on code and t he position indicated by the frane |l ength
i nfornmation P@ymonarz@tmqm ioccamsa begaugec o ft tbepbditt stmingdinputtadr ent

5  synchroni zaf igR ﬁ% % ‘"s%rsrtémo'c':hah@%dd%o‘éhagsBFnQCBi% pEHRWBY-AT as' f
t he nunber of bItS |cate
he synchronization code due to bit error. Therefore,
according to the present invention, it is possible to
5 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 fransforming meangfis addéd

ld to the sixth coding system. The code string %ransforming
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

15 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

20 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.

25 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

30 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

35 - 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.



-frame length information PO NTER is greater than the nunber of bits from
the | ast detected synchroni zation code to the current synchroni zati on code,
it is assunmed that the frame 10 | ength informati on PO NTER is erroneous,
so that the aforenenti oned synchroni zation re-detecting process is not
carried out. If the nunbers of bits of the frame I ength informati on PO NTER
and the check bit CHKP are great, the 15-16-synchroni zation code PSC, the
frame length informati on PO NTER, and the check bit CHKP may extend in a
plurality of synchroniFaatitére fmoereal $nat hsh@mesert G ny@ntiamj stbase,

the bit i ”Sertéﬁﬁzrﬁf&ﬁf‘z'%iﬁfbﬂ Rodd NG %b?itee@t@:'l%gt hGHlidh HeMAHJRG-tHaEOCess

i n the decoding system_which are 20 performed in order to maintain_ a
constant hurmitiFids e PetiigeFF SFRCPTOHFF HOReFSoRYFry and which
synchroni zat | @arcaste waitE el gydedo@adzat Fon erdmplanyifioh bedeaskiréégout
in an 5 for inserting a synchronization code is a multiplexed code
string, which is obtained by multiplexing a plurality of
kinds of compressed codes obtained by compress1on coding
"an image signal inputted for each frame, the
synchronization code is a code representative of a
10 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,

15 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
20 positions. Therefore, 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.
25 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 ae

30 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

35 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



“interval in which the frame length informati on PO NTER and the check bit
CHKP exist. 25 In the exanples 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 30
forth), the frame length information PO-NIER is not only protected, but the
end half of the synchroni zation code PSC may be al so protected by an error
correcti ng codmderimsertiimge pndsl kionl, AN syadeerding i systedecaanibe

accuratel y delr@! ffel BadRhtEOBrhRsEGENRLSHA! Oéb Ahdt&rey BIR edgedlibes 35

code, the resistance to errors can be further inproved. In.the exanpl e of
FIG 17, a fr &% COREMR nFRR iR PRP PO RFERCEZRI2E Ehec ﬁY&CthrG%Z%F gon

arranged at code. Therefore, it is possible to ensure to prevent the

5 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

10 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

15 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

20 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

25 carrying out the bit insertion over the whole code string,
so that the coding efficiency is improved.

(3) According to the third codlng/decodlng system,
since the error correctlng/detectlng code immediately
before the synchronization code is a degenerate code, it

30 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. '

35 (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



--48- the end of a franme (inmediately before a synchronization code in the
next frame). In this case, after the decoding system detects the

synchroni zation code in the next frane, it takes out a frane |length
“information PO NTER and a check 5 bit CHKP i medi ately before the

det ect ed synchroni zation code to carry out the error correction/detection
decoding, to carry out the re-detection «fg4he synchroni zati on code by the
same processes as those of FIGS. 15 and 16. In the exanple of FIG 15,
since the 10and sphch; camd svidichesdtbe carstr @uryregitingy detecttiog zatieon

code inserti “Q.IP%%EF:@%% et B8 chr @HE fﬂ&lt& é’rlf}Pftdz‘il{&t.Pgd\'B'%Raholﬁ ut
recorded nay be ékrlve by ding the nunb of bits of the franme
by a synchronicf&8 &F<ddy and the decodlng system determlnes the kind

of the error correcting/detecting code on the basis of the

5 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 compreSsibn

10 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

15 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

20 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

25 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

30 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

35 ° predetermined in a multiplexed code string, which is
obtained by multiplexing kinds of compressed codes, the
decoding system may carry out the synchronization detection



-inserting interval (= sync_period bits). Thus, the frane 15 | ength can
be indicated by a smaller nunber of bits. In addition, in the first and
second preferred enbodi nents, while there has been shown exanples of a
“hi erarchical coding for changing an error correcting- /detecting code in
accordance wth the inportance of the 20 coded information, the sane
error correcting/detecting code nmay be usg@ddn the frame, or no error
correcting/detecting code may be used. In such cases, it is possible to

i nprove the capabiyl btythe dghehirosy zatian zaidednserctmprpenint bvnd, so
conventional s Y. e it [ .
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| NSerting procgssy ngSalesgtiond:' BosIEsoRE e or red
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

10 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. .

15 (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

20 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

25 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

30 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.

35 : 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



30 enbodi nent. In addition, in the aforenentioned preferred enbodi nents,
while it has been shown that a dynam c image signal is high-efficiency
conpressi on encoded to be transmtted/stored, the present invention may be
“appl i ed 35 to the transm ssion/storage of a static inmge, voice, data or
the |like. For exanple, when the high-efficiency conpression coding of a
static inmage signal is carried out -49201si ng the orthogonal transform
the error correcting- /detecting code may be switched so as to nore
strongly carryoattputtheoder stringt et ithe @&nﬁdﬂﬁNﬂMﬁgﬁNﬁﬁﬂlﬁﬁ SydEanséor m
coefficient. Ipgghe;method for nodeling and
FIG. 5 is a diagram illustrating an example of a
synéhronization code.
5 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 str:.ng
' assembling unlt of the output coding unit of FIG. 3.

10 : 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.

15 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.

20 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.

25 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
30 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.

35 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



5 encodi ng voice into a driving source and a vocal tract filter, the
error correcting/detecting code may be switched so as to nore strongly
carry out the error protection of a pitch cycle, a vocal tract paraneter
and so forth. (Third Preferred Enbodi nent) 10 ~ The third
preferred enbodi nent of the present invention will be described below. In
this preferred enbodi nent, the error corr~ati ng/ detecting code is not used.
At this point, this preferred enbodinment is different fromthe first and
second pref er rand esbodndeptefetbed embodiments G 18 is a bl ock diagram of - a

dynam c image coding S%fé?ni'} rkF% gi% &l ?i%ﬁ%?@@ﬂé@ﬂi‘thé’fié@mﬁ{:@e
reference nunbers as those Tn I for the parts Corresponding to those
in FIG 1, thedd?Pfer8Rripdindd Whgmh e SEMchronesatkien Eﬁﬁ&&icg’elrﬁnvﬁﬁ | be

mai nly descri begdrr28d outhnusbhg @ref&ié erbeito dinfBiimativn consthalictimst and
5 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

10 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

15 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

20 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.

25 : - 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

30 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

35 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 .



-operation of an output coding unit 200 are different. In addition, although
the basic operation of a nmultiplexer 111 is the sane as the nmultiplexer 111
of FIG 1, the nmultiplexer 111 in this preferred enbodi nent outputs only 25

“a nmultiplexed code string 201 and a synchroni zation code insertion request
signal 203 since the error correcting- /detecting code is not used. FIG 19
“i's a block diagramof the output coding wpt 200 of FIG 18. The out put
coding unit 200 conprises 30 a counter 1701 for counting the nunber of

bits of an oulRItiPIExshgi BE1265 im SWUTHigY8Rerobs\e a1 & hemagkput
code string 205,..a smﬁtgp controller 1704 for controlling the swtch 1703,
and a stuffin&ogﬁpgggﬁgrgTBr 1705 for generating stuffing bits. 35

FIG 20 shows an exanpRé&.of9%hsoat diagreue oft rnngu2p8tgendeassdiby,t he

out put codi ng Y £h2QQ EhFLbG1iA8tion codes are processed when the
5 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.

10 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.

15 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.

20 '

BEST MODE FOR CARRYING OUT THE INVENTION

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

25 (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

30 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

35 motion-compensated adaptive predidtion and a discrete
cosine coding is detailed in, e.g., Literature 1
"International Standard of Multimedia Coding" by Hiroshi



"The sane signs as those in FIG 4 are used for code words - 50-
corresponding to those of the output code string of FIG 4. Simlar to FIG
4, "each of synchronization codes PSC is inserted only at any one of
“synchroni zation code inserting positions, which are arranged periodically,
i.e., 5 at regular intervals (sync_period bits) and which are indicated
by arrows. FIG 20 does not contain the chgck bit CHK for the error
correcting/detecting code. At this point, FIG 20 is different fromFI G 4.
A stuffing bitv&udd, Maruzesr (gdnent 991 e endrpEbire)f oRDy tHaMpatfa il 10

oo 54 g Bihd B A O A 08 R o0,
addition, it is assumed that information bits are separated
from detection bits in an error correcting/detecting code

5 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

10 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

15 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),

20 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

25- 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

30 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

35 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



The nunber of bits of the stuffing bit STUFF is equal to or |ess than
sync_period. The construction and operation of the output coding 15 uni t
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
synchroni zati on code insertion request signal 203 is inputted froma

mul tiplexer 111 thereto and an initial bif;20 of a synchroni zation code
301 is inputted thereto as a nultiplexed code string 201, and it is set to

be a synchroni zaségﬁréad%di%tgtéwﬁaml eB2WheN ad adder bids €6 ph8duce a
synchronlzatlongg%f 30% aég-|nggbteg.thﬁﬁgtolfﬂgiﬁgféer tae gounter, 1701
counts up sequerRG&tty degnfes PR next™ i Ut SrcArSnFI8edn TSode
301 until a bitstomeetliiai ethe bixfawee nMdwomeXitO2synchr oni zati on code is -
out put t ed. On the other hand, the information on the
5 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
10 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

15 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

20 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

25 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

- 30 301 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

35 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



YWen bits fromthe initial bit of the synchronization code to the bit
before the next 30 synchroni zati on code are inputted as a nultipl exed
code string 201, The switch controller 1704 controls the switch 1703 so as
fo switch the switch 1703 to the nultiplexed code string 201 to output the
mul ti pl exed code string 201 as an output code string 205. 35

Then, at the last part of one franme, the B25-insertion (bit stuffing) is
carried out so that the next synchronization code is inserted at the
synchroni zati o® predictbde npse timep metiioon: CPNe embei e dxadapi yet put

a synchroni zat igy £Q%€60+ ME id UhdBMESios| P8ahuPP3piekeliNCand a motion
vector information 304 and a DCT coefficient 305 of a
predictive residual signal (hereinafter referred to as a

5 . "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-

10 /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

15 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

20 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

25 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

30 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

35 "only synchronization code inserting positions indicated by
arrows, which are arranged at regulér intervals'(every

sync_period bits). The length of the sync__period is set



mext frame when the output of the nultiplexed code string 201 of one franme
Is conpleted. In response thereto, the 5 swtch controller 1704 sw tches
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 "0", or a specific pattern such as "0101[err]". 10
This preferred enbodiment of a dynam c i mage-decodi ng system according to
the present invention, will be described below FIG 21 is a block diagram

of a dynam c i ntayeoetl egmesh trey: sthetre riheo riregsyiin dif g heo syimehdypmelmad-iiomgede
coding 15 = sysdem{y JpGnak mumuféﬁ'gﬁose SHEP R BRECCHKITD it Thddi0Se

in FIG 8 for parts correspondin the different points

fromthe first BrefCk d6 & ¥efoRe aF| FO bee rﬁrrﬁrgg%simq%@tqwm re

preferred enbodiH@®ynchronization code inserting position.

5 (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
codé for encoding only the finally remaining information
bit, and the'Stuffing'bits STUFF having the number of bits

10 required to displace the 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.

15 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

20 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.

25 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

30 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

35 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



“the construction and operation of an input coding system 20 800 are
different fromthose in the first preferred enbodinment. I'n addition,
signals inputted fromthe input decoding unit 800 to a denultiplexer 811
"are only a code string 801 and a synchroni zati on code detection si gnal 803,
and no signal is inputted fromthe demultiplexer 811 to the 25 input
decodi ng unit 800. FIG 22 is a block diagfam of the input decoding unit
800. The input decoding unit 800 conprises a synchroniza-tion detecyor 1901
for detecting BheyRuptdplezerod ldoddhea synehmonizatiéont codg d0Sertdmh a 30

counter 1902 fpegeesat signkhe208nbar o@tphittedohst BB sicHiMe L ERHwE [ | 15205 .
The counter 1902 is reset to be "0" at the initial stage of decodi ng, and

counts up a coUMtBRIGaIFR AW iR Bt 31-the SXpehrait@atian eade MY nput

code string 20%omprises "0"s of sync_0__len bits, a "1" of one bit, and
5 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

10 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

15 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.

20 : 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

25 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

30 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

35 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



- 35 I's inputted. The synchronization detector 1901 detects
synchroni za-tion codes only at the synchroni zation code -52- inserting
positions on the basis of the counted val ue 1991 of the counter 1902. For

" exanpl e, assum ng that the synchroni-zation code inserting interval is
sync_period, the counted value 1911 is bit_count, and the length of the 5
synchroni -zation code is sync_|l en, the syashronization -detection is
carried out only when 0 < bitcount nod sync_period [err] sync_len, wherein
A nod B denot eynehremizaddonwfeomAbedndi prdddcedl.B. The synchroni zati on

detector 1901 _OUt putsag &é@&ﬂ@éﬁ %‘i:tdv%r] g.@ﬂ@e@@%%@ﬂfonization codes
301 are inserted only at the synchronization code inserting
positions, the bit inserting operations for preventing the
5 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
10 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-
15 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
20 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

25 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

30 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

35 position, it ﬁay be erroneously determined to be the
synchronization code 301.

' Therefore, the bit insertion into the multiplexed



-10 si gnal 803 when a synchroni-zation code is detected. The code string
801 fromthe input decoding unit is inputted to the nultiplexer 811 while
the input code string 205 is outputted as it is. Thereafter, simlar to the
*dynam ¢ i mage decodi ng systemof FIG 21, the 15 dernul ti pl exi ng and
decodi ng processes are carried out. In a case where the last stuffing bit
STUFF of the frane is a predeterm ned bit2pattern, it is determ ned whet her
the stuffing bit STUFF corresponds to a predeterm ned pattern in the

dermul ti pl exer @dfe Wiening 201 dsesawmtiedt raagpohy mesansoofi tthe bit

determ ned thai,ddef frd LAt 21107 sbNechde ﬂ@%bd%og%rﬁhé's”&tﬂé’? thars @Hd1at

the process for preventing the picture quality frombeing greatly
deteriorated, SWIIHIREZHP FIeS FETaRPEA REsHRR SCERIRIIRHERT G98&ge
codi ng syst emirrsézhmig eds it iRy ried the mulenpdekad ntoddtything @01 &tedut .

5 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 s
sync_0__len - (2 * N # 1). If n0 is equal to or less than

10 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
15 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
20 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
25 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
30 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
35 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



(Fourth Preferred Enbodi ment) The fourth preferred enbodi ment of the

- present invention will be described below. In this preferred enbodi nent,

t he whole 30 construction of a dynam c inmage coding systemis the sanme as
that of the dynam c inage coding systemof FIG 18, and the operation of an
output coding unit is different fromthat in the third preferred

enbodi nent. FIG 23 is a block di agram of -gg-out put coding unit 35 200
in FIG 18. Using the sane reference nunbers for parts corresponding to

t hose of the outipetlsbdhad smghamfGEBGtolﬁhetéﬁrdrféereectlbnczmetdwuimput

codi ng unit of gﬁ&df@g 60453

The aforementioned operation is repeated in the
output coding unit 200, so that the error
5 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
10 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
15 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
20 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. |
25 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
30 = 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
35 synchronization code insertion request signal 203 is
| inputted, and counts up sequentially from the next bit of
the synchronization code until the next synchronization



-is that a bit inserting unit 1211 for carrying out the bit stuffing process
for preventing a pseudo synchroni zation code is added. In the bit inserting
unit 1211, the bit insertion 5 for preventing a pseudo synchroni zation

“for occurring is carried out for the nmultiplexed code string 201. Since it
I's not possible to uniformy decode a synchronization code if the sane bit
pattern as the synchroni zation code is cetained in the output code string
205, the bit insertion 10 is carried out in order to prevent this. For
exanpl e, as slkode iis AnputiediheThehewdyobh 703 ist pperreted sonphaseshe0"s

of sync_0_l en shidsimatioh Wit @39 H‘to%%%ut%éﬁxbefBEes%H%”Ehﬁ@lgltéheck

representative of the kind of the_synchionization code, possi ble to
prevent a pseddd 1832 1§yﬁERM£ﬁ%§u?BEGFrEHPo&ﬁBGWFﬁnFFaémQP ¢Qdendsrt ed
so that "0"s dhpeywtedl | whehi tise thetl diar 6300ischiputt@dislit is stored

5 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

10 counted value 221 of the counter 701 so that the check 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

15 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

20 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

25 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

30 203 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

35 @ 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



arranged in the code string other than the synchroni zati on code. The
synchroni zati on code is inserted only into the 20 synchroni zati on code

i nserting system Therefore, the bit inserting operation for preventing
the pseudo synchroniza- tion fromoccurring may be carried out only at the
synchro- nization code inserting positions. Thus, it is determ ned whet her
it is required to carry out the bit inseri3zzpn on 25 the basis of a
counted value 1221 representative of the total nunber of bits of an output
code string 2051“Asmri"|®g'st hatr ay beurt apedcdlfic ¥2edted gattein $heh I
nunber of "1"s.i L&i pl Sﬂgﬁb Il 0 t | | rva
of 0 < total Ien m) sﬂlric gr?iég% flélr ri&één%ng%ﬁga Iﬁgtsna&[l; I{(;é(?sts
inthis mterv&l‘ﬂfP&t?Efd §P &he Bpformatihenr bél. 6Bkrein, A nod B denotes a

remai nder when A is di yhdgHeb¥oBe string assembling unit 213 of FIG. 7,
5 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
10 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-
15 (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
20 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
25 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 embodlment of a dynamic 1mage
30 decoding system, according to the 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

35  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



1n addition, in order to decrease the probability of the error detection of

a synchroni zation code due to 35 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 mxed into the synchronization code, - -54- it is required to

determine that a code word having a hanm ng distance of n or less froma
true synchronization code in an input decogBng unit of a dynam c image

decodi ng system as described later is a synchronization code. 5 However,
if such a detemMnsﬂpnﬂfesredrembddmﬁenMUIfhéhﬂnpadedéwbdﬂﬁb(ﬁﬁﬁ% gben

t he SynChron'zéhkggsﬁggﬁsaQS gsdéégﬁiﬁﬁ yé% R Le" %rgggh%glgvggtlong

di stance of n

The input decoding unit 800 switches error
correcting/detecting codes on the basis of a FEC kind

5 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-

10 804. 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.

15 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

20 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

25 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

30 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.

35 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



-less fromthe synchroni zati on code nay exi st even in the code strlngs ot her
than the synchroni zation code. If this 10 I s arranged at the
synchroni zati on code inserting position, it may be erroneously determ ned
"to be the synchronization code. Therefore, the followng bit insertion into
a nmultiplexed code string 201 is carried out by neans of a 15 bi t
inserting unit 211, so that the code stripgs other than the synchronization
codes arranged at the synchroni zation code inserting positions in the

mul ti pl exed cmm&sﬂn&eESQO@uamEizennSG@rneﬁesbnaerse haveuniluBiBngthe

O b h ey s oI D RS R0 100 BN SRRE Lifid |
which 0 < tot&s éﬁlQﬁﬁi 1’5‘}@1011}1‘@?% qerntizgrclO7) ehhe {pVRrRe+DEY. uPFLtnO i s
less than 2 Xipg!, kkhe ladddf 20X dnd the fifahétfedbLyi DORr&42EnbALA the
5 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
10 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

15 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

20 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

25 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.

30 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

35 + 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



“mul ti pl exed code string 201. 25

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 simlar to the output coding unit of FIG 19,
out put code string 205. 30

This preferred enbodi nent of a

dynam c i mage decodi ng system accordi ng-3®-the present invention, wll
descri bed bel ow. The whol e construction of this dynam c inmage decoding
systemis the sypehrenizetion shendynidsi ¢ isymghrfaias tipnyceden oerFPE 21,
and the operatgQisHforfikataon deRBEkieAdEBEsSHEE SFRERD WHal ol ksrdif berent

from t hat

an i nput decod
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its 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-unlt 1007, and calculates

the positions of the check bits arranged between the next

Wth respect to a code string

to be outputted as an

be

inthe third preferred enbodinent. FIG 24 is a block dlagran1of



-55- unit 800. Using the same reference nunbers for parts corres-pondi ng
to those of an input decoding unit of FIG 22, the difference between this
preferred enbodi nent and the third preferred enbodinent will be nmainly
described. 5 In this preferred enbodinent, a bit renoving unit 1905 is
added. An input code string 205-is inputted to an inserted bit renover
1905, and a process for renoving insertee3éits is carried out in order to
prevent a pseudo 10 synchroni zation code inserted by a bit inserting unit
1211 of the odnFwrmaddiongbdfist oWhéhGt 23z detamsinaddy fhevepmpanatorhe

bi t i nsertion;ighsCdhaiteBolH! cOPL¥sBbnd NEo VA AMNAAT 1533 urAdey 'tRa." thaY

‘posi tions, the synchroni.za- tion code inserting positions aré determ_ned on

t he basis counted value 911 of the number of input bits of the code

' string 205' is bit__count and the check bit length is
5 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]
10 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

15 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
20 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
25 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
30 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
35 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



- 15 of a counted value 1911 of a counter 1902. For exanple, assum ng that
the synchroni zation 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 20 humm ng di stance from
the synchroni zation code is greater than 2 X n + 1, the nunber of "1"s of
sync_ 0 len - (2 Xn + 1) bits fromthe s3@throni zati on code inserting
position is counted. When the nOis less than 2 X n + 1, 2 Xn + 1 - n0
bits are remoked.le®@8. When lastpcdrnifoisléaetfi adPrksrthbaimsdreed

bit 1s "1, Whgpcrhgdich dehgihl Bedehe Derébednasstattidad sl abh, i s

conS|dered that an error is m xed he synchroni zati on code |nsert|ng

interval . In tff §%é§%te§ﬁ'1é??%rt]a€ftemeo ST QhaFoGFREEMBINCIES b8 @
outputted to dedenerdeaubbdplexen £iditiod, tiersalie poatted alubalOR8 t he

5 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‘

10 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

15 912 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.

20 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

25 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

30 removes the inserted bits for 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

35 inserting position is determined on the basis of the
counted value 911 of the counter 902.

For example, when-the synchronization code word is



first preferred enbodi nrent nmay be carried out so as to prevent a reproduced
i mge frombeing greatly deteriorated. The bit inserting process by the bit
inserting unit 1211 of FIG 23 may be carried out so that the inserted 35
*bits of a predeterm ned nunber of bits are inserted into all the
synchroni zation code inserting intervals other than the synchronization
code. FIG 25 shows an exanple of an =3®- output code string 205 when
such a bit inserting process is carried out. In the drawi ng, SB denotes an

inserted bit. thert ehww en SRIGhGBvand Wieén the Wieth inSertsggchnddi 2ailli on
code conpri Seiﬁ' ;§.th bsfl'gg—gﬂltecp 'pljxésportion "OOlOO""" of the first
sync__len bits of the synchronization code so that the
humming distance from the synchronization code is greater
5 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

10 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

15 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.

20 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

25 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.

30 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

35 decoder 810.

When all the prediction mode information is
decoded, the second variable length decoder 810 outputs a



a "1" of one bit and "xxxxx" of sync_nb_l en bits representative of the kind
of the synchronization code, an inserted bit SB of one bit is inserted at a
Jredeterm ned position of an interval of sync_O_len bits fromthe head 10

of the synchronization code inserting interval. The inserted bit SB may be

always "1". In addition, in accordance with a bit pattern in an interval
of sync_0_len bits fromthe head of the sydfhronization code inserting _
interval, the inserted bit SB may be 15 suitably determ ned so that the

nunber of " 1"sSiEPede HanpraseNtativgubhereosr tgr Saeedemditipledeeo®El, t he

inserted bit SBnmegsbende @hAeard,! Hd @It Mate P g BY NGulohel Lifscfrom

t he head of thg,synchroni.zat.ion code jinserting interval, to prevent the 20
sa(rare E?t Batterﬁﬁnéslpﬁé’%ﬁ&m%rﬁ’%ﬁ]oﬁ%? G e’ 19 F | e rtnd PR ct

an error m xedermar tdpsrecttigegfdertecting code to the motion vector

5 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

10 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,

15 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

20 811 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

25 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

30 input decoding unit 800. Moreovér, 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 addition; when it
is determined that a part is against the multiplexing rule

- 35 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



"FIG 25(b) shows an exanple of an output code string, in which such a bit

- inserting process is carried out. In this exanple, an inserted bit SB of 1
bit is 25 i'nserted into the initial portion fromthe synchronization

“code inserting position. This inserted bit SBis determ ned so that the
nunber of "1"s in an interval of the inserted bit SB and sync_0 len - 1
bits fromthe next bit is always an odd n4ber. For exanple, in the left
exanpl e 30 of FIG 25(b), the inserted bit SBis "1". 1In addition, in
the right exarjiiee ffl RvEn@Piycessaseso hasimgertedpeatEy detetriosase if

all the bits ghf "Reddidhiftdd 8madle .Of sync_0O_len - 1 bits fromthe next
bit to the inserted bit SB, "1"s of 1 bit or nore almaés exist in the 35

synchroni zati on code i(AdeMheRy amEEEPR issdetrgteghdnskhe FREipsAtePRTas
t he synchroni zaidfaicieai,i Theotrayidiiec oF. the addirbspbndingcpalkiteiknsett ed

bit SB SEVes a5 k?epélr.i t*hen 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
10 (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
15 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

20 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

25 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

30 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

35 (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



~-57- check, it is possible to detect a bit error mxed into this interval.

In addition,

the inserted bit SB nay be an odd parity check bit for al

t he

bits before the next 5 synchroni zati on code inserting position. However,
“in order to prevent the sane bit pattern as the synchroni zation code from
occurring only when all-of sync_O len - 1 bits fromthe next bit to the
inserted bit SB are "0", the inserted bi+45B is always set to be "1". Thus,

it is possible to 10

of all bjts.

10

15

20

25

30

35

|syrorhieoniza titoncaedes hmayrobadetecyedf athpositdpons 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

carry out the error detection by the parity check



- detection of a synchronization code due to error, it is desired to insert
nore bits. For exanple, in order to 15 correctly detect synchronization
even if an error of n bits is mxed, "1"s of 2 X n + 1 bits are inserted

~into a predetermned position in this interval. In this preferred
enbodi nent, the operation of the bit renoving unit 1905 of FIG 24 is
different so as to 20 correspond to thé2operati on of the aforenentioned
bit inserting unit 1211. That is, the bit renpving unit 1905 renoves the
inserted bit SR af Fhedbisr afdiagpe’sitien ndigatad e Wha armesrt S6n has
been carried aHa®ychdepDts a&pgeit thg bRt addihg Position are dWiateadse
where the inserted tﬂ# B i algg¥?{"l", it is determned that a bit error
exi sts when a _@ﬂ? h ﬂyﬁ%ﬁl? lﬁb position in the input code string
205 is "0", so that ardremmienddiecormectilygndleteodt sybohrpndapthen even

5 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

10 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

15 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

20 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,

25 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

30 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 *Nid bits in order to prevent the same bit pattern as
_ the synchronization code from being produced even if the

35 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



-outputted to the inverse nmultiplexer 811 so as to prevent 30 a
reproduced i mage from being greatly deteriorated. In the first through
fourth preferred enbodi nents, while the prediction node information 303,

~the notion vector information 304 and the residual DCT coefficient 305 have
been nultiplexed in the multiplexer 111 for each 35 coding frane as
shown in FIG 2, the predication node i d4g+mti on 303, the notion vector
i nformati on 304 and the residual DCT coefficient 305 may be multipl exed for
each - 58- sgd:idig:drﬁgaimcﬁm cpde al meeroidy qedsitEdB)s ais How) perkbd, 26.
i case: ddie PLEUIRE I H0G A1 NEoBRY dH Kb SN AYE

different error correc |ng
(assumed to be —nO) ln the region of total__len mod

sync__period = sync_0_len - 1 - 3 * Nid on the basis of

5 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

10 = 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

15 bits, so that it is poss1ble to uniformly 1dent1fy
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

20 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

25 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

30 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

35 mod sync_period = sync_period - Nid. When nO is below 3
* Nid, it is determined that a sYnchronization code exists
in this region.



- code, or the sane error correcting/detecting code. 5 Alternatively, an
error correcting/detecting code may be used for only the picture header or
for a part of a code string of a predeterm ned nunber of bits of each

~ frame, or no error correcting/detecting code may be used. In addition, the
mul ti pl exi ng may not be carried 10 out only for each frame (picture),
but it may be also carried out for each pt#+ of a frame or for éach |ayer
of a plurality of franes, so that a synchroni zati on code may be inserted
for each of these nmul FI.edihghews sopeagsiominben i$ync__period £| &2,28

shows exanpl egydlk_swichemult bpl axangia 4 M ! herXanR exafibiEl, Gené8nuhber
mul ti pl exing processes are carried out for each of four |ayers, i.e., each

macro bl ock | Qfer GfSalfl 6ot NebdihiF PPk EP &achh &8-Faydtt drod
plurality of estw0_pepibd,) éaclirpmct'aretef fa8fe) Layehe example of FIG.

5 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

10 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

15 determining region, it is derived which bit the 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 =

20 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

25 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

30 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

35 removed. '

In the second preferred embodiment, if the region,
in which the addition/loss'of'bits occurs in a transmission



=20 and each session layer of a plurality of pictures. Anong these

| ayers, the session, picture and GOB | ayers use their synchronization
signals (SSC, SEC, PSC and GSC in the drawi ng), respectively. D fferent
-codes are used for the SSC, SEC, PSC and GSC so that it is possible to

i dentify 25 whi ch | ayer the synchroni zation code is detected. Wen the
synchroni zation code shown in FIG 5 is u4ed, these synchroni zati on codes
may be distinguished by the portion of sync_nb len bits representative of
the kind of thblRghEoRitezegenmeddum, 3gan be determinedobyheeme Jkgthod,

mul ti pl exi ng i 6h&agyhE6HreHt zalthons AR cRAAGRS PaPctsd haghe it tikesdraimy
synchroni zati on cgde in éhﬁ gr cgdinﬁ §tefer&ed en?odine ts g§¥6ﬁgrc%£ried
out for a partPHPCEPF BP9 HB s§ﬁ hFSRPYAPORTOSESES o TR &8 T G ur e
or GOB. FIG 28ddhdimrghlesanpfebdtsanm@dy be maApoiedoduvtsonilygin rehat ch
'such a prgceSSfééigﬁfried out .

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

10 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

15 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

20 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

25 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

30 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

35 POINTER. '

In the example of FIG. 15, a frame length
information POINTER and a check bit CHKP of an error



-As shown in FIG 29, stuffing bits STUFF are inserted before the PSC and
the GSC, and the SSC, PSC and GSC are -59- inserted at the
synchroni zati on code inserting positions indicated by arrows in the
drawi ng. Therefore, simlar to the afore-nentioned preferred enbodi nent

whi ch shows the frame synchronizati on code PSC, the detection accuracy of 5
each synchroni zati on code can be i nprovea46¥he sane | ength infornmation as
the frame length informati on PO NTER of FIGS. 15, 16 and 17 may be added to
each synchr oni gexrertingédetectel ng sxdem fori pratectingGiee freme dengtiher e

the frane |en9iﬂfb%f&€ﬁéh0?oli<ﬂz“ﬁﬁ%fé A%rany&d echRdaatdeyehE¥er a

correcting/detecting code as shown
synchronization code PSC. The number of bits of the last

frame, i.e., information representative of the number of

5 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

10 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. _

15 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

20 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

25 (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

30 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

35 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



-in FIGS. 15 and 16, if the error correcting/detecting code is not used only
for the franme length informati on PO NTER, but it is also used for a portion
of syncnblen bits representative of the kind of a synchronization code, it

- 15 is possible to inprove the probability that the kind of the
synchroni zati on code, in addition to the position thereof, can be correctly
detected. In addition, a part or all of thg-header information (SH PH and
G- in the drawing) of the session, picture and GOB nay be protected using
t he 20 er r csynchrent zatioetanie ng didddegointiat twd fxsapessible. t che

i mprove the eryQEereahshatGodd &26M DRI ALY Aeﬂén!eoaecgaa wh €

the stuffing process for preventing a pseudo_synchronization code IS
carried out asPRfEIPR dnicaFeshBydthe ftatadengithotd Fgr PR btes SFHAT B
carried 25 &8 shet Rattdihea ByDE @iz YHONp 684 € iiopS &irid Nghé NEeEYant

sync_per | Q di Ssyexﬁz%zl‘ortxfzg{iég Séso eh,ar%c; hceéxlrelzr] %tur% C)ghet rHaecoding 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

10 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

15 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

20 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.

25 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

30 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

35 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



synchroni zati on code. First, the process in the output coding unit of the
dynam c i mage coding systemw ||l be described. It is 30 assuned herein
that the synchroni zation code is a code word conprising "O's of sync_0 |en
"bits and a "1" of 1 bit as showmn in FIG 5. In the output coding unit of
FIG 23, assumng that the counted val ue 1221 representative of the nunber
of bits outputted fromthe bit inserting-ggit 1211 35 Is totallen, when
a remai nder of division of total _Ien by the synchroni zation code inserting
i nterval sync_ties it | &f ef|URtanied (alnintdthi A€l y Obe flbxé Sa ofynthaokakEeionhi ch

's  -60- derdyed Y SPLERE! EREnd ) " OFh LS SWRK, Yedls $ndY ReeBaing
system detects the synchronization code in the next frame,
it takes out a frame length information POINTER and a check

5 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

10 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
15 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

20 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

25 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

30 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

35 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



-

<len of the initial "0" of the synchronization code, by sync_period, i.e.,
. When totallen nmod sync_period 5 (sync_0O_len - 1) nod
“sync_peri od (I') the nunber of "1"s (assunmed-to be nl) in the output bits
before (sync_0 len - 1) bits-fromthe output bit at that tine is counted, .
and a "1" of 1 bit is inserted if no "1" 10 exists (i.e., if n1 = 0).
FIG 33(a) shows an exanple of an output ©¥te string, for which such a
process has been carried out. In the drawi ng, each of downward arrows
i ndi cates a syMSHTHhi HRe tPHRNCIRN hseFRREOFHsi i eBRAracesrecting-
" synchroni zat i oy deoglec €OApPr Eo@e WY by 33 bEhed(Eoeas E¥nNfcld errordly and

nt o | h6d(socas epnRold B ros
Mnterval sync. SRETOETE SR EHE BTRATBFOPnAR EnboRehOmPHIST heot

transform coefficient. In the method for modeling and

5 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.

' (Third Preferred Embodiment) _

.10 h The third preferred embodiment of the present
invention will 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.

15 : 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.

20 In this preferred embodiment, the construction and
operation of an output coding unit 200 are different. 1In
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

25 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
unit 200'of FIG. 18. The output coding unit 200 comprises

30 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.

35 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



synchroni zati on code (= 24 bits). 20 In the drawing, intervals 1

through 4 denote intervals for counting the aforenentioned nl. In each

interval, the
stuffing bit i
interval 1, it
O ininterva

interval. In i
that it is not

nunber of "1"s nl is sequentially counted. If nl =0, a

s inserted into the next bit of the interval. Since n1 >0 in

I's not 25 required to insert the stuffing bit. Since nl

2, a stuffing bit 3301 of +38t is inserted into the next

nterval 3, nl = 1 due to the inserted stuffing bit 3301, so

cpzgespending rxerthopetqf fiR) puEode string |9f fixh- 4

bit stuffing paQcessmi3agaiid ¢dcauis, idarts e dynchididierat fon acodes PSC
synchroni zati on cqde do%gﬁPE%? xis% at a portian_other than t@

synchroni zat i o Scdd¥¢h

e
¥ 3EoA % Mg TS BTN T RO pbnge™ ©ode

synchronizatiomnsérmiag positions, which are arranged periodically, i.e.,
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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 synchronization



35 _ ~On the other hand, in order to decrease the probability that a
synchroni zati on code is erroneously detected due to transm ssion |ine
error, a bit insertion -61- may be carried out as follows. Even if an
error of n bits enters a synchronizati on code, the synchroni zation code can
be correctly detected by carrying out a bit inserting process so that a
humm ng 5 di stance between a portion ot+k-than the synchroni zation code
and the synchronization code in an output code string in a bit insertion
1211 is equal tedw igrsextinghresition.+ 1The muhtirgeFessd liydptput a
remai nder deri wfdB¥onization 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
5 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-". _ :
10 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
15 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
20 800 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
25 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
30 ~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
35 is inputted. '
ThesynchronizationdetectorlQOldetects
synchroniza-tion codes only at the.synchronization code



10 dividing a counted value 1221 total

number of bits of the output code string 205 of FIG 23 by a :
synchroni zation code inserting interval sync_period is coincident mnth
‘remai nder derived by dividing a value, which is derived by subtracting 2 X
n + 15 1 fromthe initial nunber of bits of "0"s of a synchronization
code, by sync_period, i.e., when total |es+od sync _period = (sync_0 len -
(2 Xn + 1)) nod syncperiod (2) 20 the number of "1"s (assuned to be
i n output bitdnseritsygc pési¢dions(@nXthe tbd$is L sthe cuuntedwiylule BODlat

that tinme.
<2 Xn + 1,

| f ptlgﬁetm#N?g[IQCHer ]1§025 | 3% tdelnpd X ssxgl‘x)n'nggt %hdtCthe

bi'ts are“indert

shown in FI G SYnGlranirz3kkon oredaitivgerbiRg interval is sync_period,
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the counted value 1911 is bit__count, and the length of the
synchroni-zation code is sync__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

_len representative of the total

a

nl)

f nl
As



"starting from"0"s of a plurality of bits is used, if the nunber of "1"s in
a bit string imediately before the synchroni zation code is insufficient, a
synchroni zation error detection nmay occur at that portion. In order to 30
"prevent this, a bit insertion (STUFF in FIG 20) in the last interval of a
frame may be outputted so that the nunber of bits of "1"s in an interval of
sync_period bits fromthe synchroni zati onggode to the synchroni zati on code
i nserting position inmrediately before the synchronization 35 code is

equal to or grieattifat RABiZ XnBertin§i GAit! 1201 dedr teaxis idy Duth thEUbkt
?ggéys Conteurgggkgfﬁg ﬁgogég%rkgf]p£gégng§ng§ ggggdoogyﬁgﬁr§gkggtga be
code is added. ' |
In the bit inserting unit 1211, the bit insertion
5 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
10 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
15 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
20 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
25 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
30 = sync_0_len. If no "1" exists 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
35 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,



"determ ned in accordance with an out put code string. That is, the STUFF may
be determ ned so that the nunber of bits of "1"s of sync_period bits

i mmedi ately before the synchroni zation code in the output code string
“containing 5 the STUFF is equal to or greater than 2. X n + 1 bits. FIG
33(b) shows an exanpl e of an output code string, for which such a process
has been carried out. In the drawng, it®tvals 1 through 4 denote
intervals for counting the aforenentioned nl. In each interval, the 10
nunber of "1"dtlis sweeydewd dd \Jebanmdde YHahla <@dE woxd hawingf &i ng

bit is insertedimity % ﬁﬂﬁ@élaﬂinobriﬁ@%s'ggghvaltrﬁbnﬁ?naﬁranlzh%lon

interval 2, stuffing bits 331 é s are _inserted
into the next Sof€erfaPl LRPHAt RGRAIRT ypit of & &dvn@nice iMager fegodsng

stuffing bitss3dldemsast Halsdtibedniatearuis esl $pnthasiishtlildmadaés.
5 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

10 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

15 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,

20 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 of 2 Xn+1-n0bits are inserted into the
multiplexed code string 201.

25 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.

30 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

35 input coding system 800 thereof is different from that in
the third preferred embodiment.

FIG. 24 is a block diagram of an input decoding



Nbreover, in order to prevent a synchronization code error detection

I mredi ately before a synchronization code, a STUFF is determ ned as
follows. It is assuned that 20 a bit imediately before the STUFF is
3311. Since the nunber of "1"s in an interval (interval 5) of sync_period
bits froma synchronization code inserting position inmedi ately before the
bit 3312 to a synchronization code insert+fg-position inmediately after the
bit 3312 is only 25 1 bit, an synchroni zation error detection nmay occur
in this portiomnitt$@0synUlsriory zEhe ovanedeelfarenpeunambeyr pffdP "parts

cont i nuousl y aw&%@g@dﬁma Q:Hag% oF a h%%féﬁf aecb@%aot%fﬂtoe,f g ghhi ch

the synchroni zation c sinserted, is shifted to the_néx

synchr oni zat i ofZo0dd9 REHRTRPSD Petyren | Biis PrefesTefrenledingatarRtng
many "1"s is owhditdhad-a Bresferited enbodifént WiDl+tbd Mé&iifiDyedaserepatai ned

In an i'nt%val I(ni q: e:i.r.swil)lre ercgedsyerrln 1rmiecr)1 ,biat 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-

10 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

15 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

20 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.

25 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

30 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

35 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



i-medi atel y before the synchroni zation code, it is possible to prevent the
synchroni zati on error detection. 35 If such a bit stuffing
process is carried out, the humm ng di stance fromthe synchronization code
can be 2 X n + 1 or nore at a portion other than the synchronization

-63- code in the output code string, so that the probability of the
synchroni zation error detection can be decggased. Processes in an out put
decodi ng system of a dynam c i mage decodi ng systemw || be descri bed bel ow.
In the bit 5 d&%@ﬁfrcd&8556f15962024whaﬁssﬁbhgatbat i heectdnge proaass

1905 represent aj L ve, of s LRCMTOCT 0bnll b0 A, ' Hefi9P8s bR Mskitea
total |en, and otallen nee St
blt.
' For example, as shown in FIG. 5, when a
5 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
10 of the synchronization code inserting interval.

The inserted bit SB may be elways "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

15 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

20 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

25 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

30 - of FIG. 25(b), the inserted bit SB is "1". 1In 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

35 '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



‘conditions in which it is 1, the nunmber of "1"s (assuned to be nl) in input
bits of (sync_ 0O len - 1) bits fromthe 10 I nput bit at that tinme is
_counted. If no "1" exists, i.e., if n1 =0, 1 bit is renoved. In order to
detect a synchronization code even if an error of n bits is mxed into the
synchroni zati on code, in a case where a bit inserting process is carried
out by 15 the bit inserting unit 1211 ss7t+hat the humm ng di stance
bet ween a portion other than the synchronizati on code and the
synchr oni zat i ahestite iith ianposspble coulalstadthg bd teguudr trulxed gmdmt ghisshan 2
Xn + 1, the fQ[dawdig, process nmay be carrled out. Wien-the totallen
reaches a val ue neeting 20 formu 2), the nunmber of "1"s (assuned to
be nl) of (sync_0_len n(%?@GHl¢nl)Fqﬁt%P*?BﬁP@h@Hquﬁﬁ HRY B #RaPdd ne
in the out put phid i chwd kdb W@ the1nurdlee bh t 'd"Seitp t @SBhtdhare £ X n
MROREE eS ’ Vms%rr}:tc%]ro%i(zzat)g.or}l code inserting position. However, in order
' to prevent the same bit pattern as the synchronization code
from occurring only 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

10 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

15 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

20 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.

25 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

30 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

35 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



+ 1), (2 Xn+1- nl) bits are renoved. 25 In the output coding
unit and the input decoding unit, if the aforenentioned processes are
carried out so that the synchronization code inserting interval sync_pe
riod has a smaller nunber of bits than the length of the synchroni-zation
code, the nunber of bits of the stuffing 30 bits STUFF can be decreased,

so that the coding efficiency can be inprgged. |In particular, when a
synchroni zation code is |ong, or when nany synchronization codes are
i nserted, the ceidine wdgidre @Enlpncel masktopleidk CiIGR)Y afiesHowr g dew.ease

of the number g b5 ohi LheaSkll (410 6,5 noadlb B0l oafethe offlor

exanple, in a ‘system for IVI Ag a screen into one or
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code, or the same error correcting/detecting code.
5 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-

10 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).

15 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,

20 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

25 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. .

30 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

35 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



-64- such as a GOB/slice in a dynam c image codi ng, nmany dynam c i mage
patterns are inserted, so that the degree of the coding efficiency due to
t he decrease of the nunber of bits of the STUFF is increased. 5 _

1n addition, when a structure having a plurality of layers is mul tipl exed
as shown in FIG 28, synchronization codes having different lengths in
accordance with |ayers nmay be used. FIG -34ca) shows exanples of .such
synchroni zation 10 codes. Anong four kinds of synchronization codes,
each of SSC, ShBgsentie®S&€thibe3g8ybchspnikiadi otompdesdnse@timf pdditiicns a

'1" of 1bit andsfobiia BPRAIHN Al WheOhehlit k] NOpBLLES SV NEN L 2A] O
code. On the other hand, "a synchro- ni zation cdde of a IFayer S a
synchroniZatidﬁh%O%Eore'mentioned preferred embodiment which shows the
frame synchronization code PSC, the detection accuracy of
5 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

10 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

15 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

20 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

25 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

30 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

35 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



15 of 17 bits, which conprises "O's of 16 bits and a "1" of 1 bit, and
Is a shorter code word than other synchroni zati on codes. The reason why
only the GSC is such a shorter code word is as follows. The GOB is a coded
unit, which 20 conprises one or a plurality of macro bl ocks (MB) and
which is forned by dividing a screen into small regions, so that there are
general ly nore synchroni zati on codes of thgoGOB | ayer than other
synchroni zati on codes. Therefore, if the synchroni-zation code length is
decreased, the deditvadobgt stbtracifirighd drgquitledeusber ngf chhtbesync_ 0

decreased. In a@@&i&g}ﬁﬁéiéﬁﬁfggfoﬁe Le QHépg§nEgggn§§g%ﬂdhtgga&pﬁﬁ%EB

amount is the sanme, and > pOss e to divide't screen I nto snal
regi ons for ence¥i@gpesdodhati-ehe @Mty of a reproduced i nage can be
i nproved when a transmgst&N heRemdd syn€l PErisEurs.

5 = (sync_0__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"

10 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

15 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).

20 | 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

25 required to insert the stuffing bit. Since nl = 0 in
interval 2, a stuffing bit 3301 of 1 bit is inserted into

1 due to the

inserted stuffing bit 3301, so that it is not required to

the next interval. In interval 3, nl

insert a stuffing bit. .

30 : 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.

35 On the other hand, in order to decrease the
probability that a synchronization code is erroneously
detected due to transmiésion line error, a bit insertion



‘A process for preventing.a pseudo synchroni zation as described in the

fourth preferred enbodinent, i.e., a bit stuffing process for preventing
the sane bit pattern as a synchronization code from bei ng produced in a
‘code 35 string other than the synchroni zation code, nmay be carried out.

If a bit stuffing process for decreasing the probability of error detection
of a synchroni zation code -65- due to-gitransmssion line error, e.g., a

bit stuffing process for preventing the sane bit pattern as a shor t est
synchroni zat i aflag ase ééﬁiédﬂ dle sxafplbows. FI G 34(a)) from being produced

inabit string, for VE" J.Ift ainse..ﬁ.roregfq{ %qt%nleXtEPQt tg&ﬂu&?ﬁ%ﬁétﬂ?ﬁ tern

as a long bit length
code, the synchronization code can be correctly detected

by carrying out a bit inserting process so that a humming
5 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

10 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+

15 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)

20 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.

25 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

30 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

35 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



“of synchronization code (SSC, SEC, PSC in the exanple of FIG 34(a)) is not
produced, is carried out, it is possible to prevent the sane bit patterns
as all the synchroni zation codes from bei ng produced. This process nay be
"carried out 10 for the code strings of all the |ayers, or for code
strings of lower layers (GOB | ayer, macro block layer in the shown exanple)
than a |l ayer using the shortest code, or-é2+ code strings of |ayers
(picture layer, GOB | ayer, nacro block |layer) below a |ayer i mediately
above that | ageteriBnedAlineppabirdehyge whth an cowkputregedse starimicad Gbetonl y

for code strings Qhedshi@tehalbaCEet&YRined O Rt thLHunper GNblikY

synchroni zation ‘codes of different [engths even if a transmssion |ine
error occurs, %the br §ceds SHPG—sPRE iBhtEod MRS L6t kY obe fawe obhe
after the syneRnehrtalitieelediRy ibe thay butpudlcode belifys containing

5 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
10 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
15 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
20 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
25 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
30 position, and a STUFF 3313 éontaining 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.
35 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



(i) In a case where a synchronization code conprising a plurality of bits
of "0"s and the subsequent "1" is used, the relative positions of a |ong
code word and 25 a short code word fromthe synchroni zati on code
inserting position of the "1" may be different. In the exanple of FIG
34(b), the "1" 3211 of the PSC and the "1" 3412 of the GSC are arranged at
different position, and all of bits (3413g3c 3411, 3414 to 3412) arranged
at the same positions 30 i n other synchronization codes are "0". Thus,

si nce thﬁ hurr}?’sds'we di@ttﬁf&%aﬁfpdﬁ1%o‘@§1%|t&ﬁhbzahboﬁhSEdEh@rpirdbamtli@ ®bde
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(ii) A stuffing bit nBrdzessswrirednbettpet degading pysthesnP£ad iGnamide.
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'S Inserted b?@éﬁgéer 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

10 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

15 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

20 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.

25 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

30 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

35 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,



-66- a short GSC, the hunmi ng di stance between the OSC and a partial code
string of another synchronization code can be i ncreased.
bit may be inserted after a short 5 synchroni zation code. For exanple,
'bit insertion 3402 nmay be carried out after a GSC so as to increase the

hunm ng di stance froma portion identifying the kind of a synchronization

code in long synchronization codes. (FifigaPreferred Enbodi nent) 10

The fifth preferred enbodi nent of the present invention will be described

bel ow.

| n t hi synteber acGOB/bDiICEERIM a Bpaamwhel emage coding, many dynamic
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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

(iii1) A stuffing

a



constructions of a dynam c i mage codi ng system and a dynanic i mage decoding
systemare the sane as those in the 15 first preferred enbodi ment,
except for the processes carried out at the head and end portions of a
synchroni zation interval by an output coding unit 200 and an input decoding
unit 800. FIGS. 27(a), 27(b) and 27(c) are exanples of an 20 out put code
string 205 of a dynam c inage coding systggLin this preferred embodi nent.
In this output code string 205, a part 2701 of a code string of the [|ast
franme (frame nid¢ te artaagechiaidbonal SHECEERRIrZAl Q. Cosleo PEGtald ihg

' ' ' ' . 2703 .(a 25
Crart poi nt oft e eae A (PR e Saife Bid L R BiERRS 1 ng
2701 ‘and t he G¥rerroniapetiontcade) (GECein the bzanpdeyofeFicen34(a))
mul tipl exed cogieofit beidsy pBodidddetn §0pthak dhen§t Vel NGl En( $EVER I N
FIG 4) dg €s neorgsuezz(elf tonly 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 Sut :
10 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.
15 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
20 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
25 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
30 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. ,
.35 (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



‘at the last of one frame. At this point, this output code 30 string 205
Is different fromthe output code string of FIG 4. In the output coding
unit 200 of the dynam c inage coding system the nunber of bits residbit of
“the residual code strings of the frame is checked at each 35

synchroni zati on code inserting position. Wen the sumof the residbit and
t he nunbers of bits of a synchroni zati on-ggde PSC and a pointer information
SA is less than synchro- -67- nization code inserting interval '
sync_peri od bid shdie G3O¢ehtihai Fahmdhgt ddes Hisce datwgant eleboEar anidhe

residual code 3L1iiN9S Qfyel U8 rliHhG"E £ Ko OHLP WEthd dh £ 16 QUM Ria s U pe
increased. . _

(iii) A stuffing bit may be inserted after a short

5 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) '

10 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

15 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

20 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

25 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

30 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

35 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-



string 205. Then, the pointer information SA (representa- 5 tive of the
residbit 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 systen1800 of the dynam c image decoding
system a synchronization codes is detected at 10 each of _ _
synchroni zation code inserting positions-eg¥Wen the synchronization code is
detected, it is determ ned that the pointer information SA and the residual

i nformat i on omizmtionneodeeciaseargedy afiittsrvdd deghectwslr syachbiesi, zahieon
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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

10 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.

15 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

20 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

25 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

30 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. '

35 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



20 t he synchroni zation 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 nunber of bits indicated by the
poi nter information are taken out of the code string 25 i medi ately
after the pointer information (to 2703 in FIG' 27), and the code string 801
IS outputted so that these are arranged atggr 2704. In this preferred
enbodi ment, the error correction- /detection coding of a part or all of the
out put code 30 maySige rtgﬁsreayt@dcarmedmﬂb a&%qmne FrGmé7(@ngdm

this case, all th k|n s of ror ctingl n odes be t he
sane or dlfferéﬁ? %ﬁPt?6$$&€§‘¥ﬂ% %pﬁﬁﬁgngs% e et r'o éﬁ&}
correction/ det é@itsnfcwl hienaynabrobé ze&ione ¢oget PS:BJS Of the framEMﬁCeca/er,
as shown in Fl GygdkfonitdecibRMBodENEP of the next frame.

5 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

10 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

15 (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.

20 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

25 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

30 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

35 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



“informati on PO NTER representative of the nunber of bits of code strings of
one franme as shown in FIGS. 15 and 16 -68- may be inserted. In this
case, the frame length informati on PO NTER may be representative of the
"nunber of bits fromthe synchronization code PSC of the franme to a
synchroni za-ti on code PSC of the next franme. 5 I'n a case where
the error correction/detection coding isgarried out as shown in FIG
27(a), the pointer information SA, the residual code strings 2701 of the
franme n-1, and ct:baeC@@Iﬁﬁgrima%mhohhaihrsaﬁnersaifﬂng?m&sasewmbhaﬁﬂ to

be one 1 nf or mati on_Dltacand, 10e 6 19651030 (a §UAE S Y JehGEHEIGnoRIENI Of
31 shows an example of the stuffing bit immediately before
the synchronization code inserting position, the same -
5 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
10 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
15 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
20 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
25 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 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
35 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.



‘is carried out. The pointer information SA may be information, for which
the error correction/detection coding has been carried out. In this case,

t he synchroni zati on code PSC 15 (or a part thereof), the frame length
“informati on PO NTER and the pointer ‘informati on nay be conbined to carry
out the error correction/detection coding. Exanples of stuffing bits STUFF
wi |l be described bel ow. 20 Fl#g. 30(a) and 30(b) shows exanpl es
of code tables of stuffing bits STUFF as exanpl es of the aforenentioned

stuffing bits STUFF. tBel Bogk fak e c¥#F1cANG08E( ba1wdps Erihed Erickedorn
t hat the decod| can e unlforn1 c%ﬁrled oyt ,i.n t@g b kwar d . leE?thﬂ to
an out put cod@ t & ?Fa ﬁg p i ﬁrSY fﬁe g ﬁffing

bits STUFF cartobeam'uryf oum ‘yhe (mn:tqrf dedecThenef oteuayarbeedechermmed pnilyg
whether the next bit to the decoding end position of the
5 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,
10 in a case where a code table starting from a sbecific 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
15 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
20 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
25 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).
30 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
35 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



a code string can be detected by conparing the decodi ng end position of a
code string imediately before the stuffing bit STUFF with the starting
position of the stuffing bit 30 STUFF, and the starting point of the
‘backwar d decodi ng can be identified when a coding system for decoding in a
backward direction froma synchroni zation code is used. Mreover, in the
stuffing bits STUFF shown in the code tablres of FIGS. 30(a) and 30(b), the
first bit is 35 al ways "0", so that the error detection can be carried

out by a sinplst¥ingsiedeh mypuad deeffibgdblts qrallFitBe Bitshane =0 praiypl e

of a decoding PKECEEILPing biGY SHEHGIHA NG M CIE8MLELIE HIe sl i ng

its STUFF shown _
b 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
5 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 wnerein 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

10 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.

15 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

20 error 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

25 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.

30 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

35 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



in the code tables of FIGS. 30(a) and 30(b). Although FIG 31 shows an
exanpl e of the stuffing bit imediately before the synchroni zati on code

i nserting position, the sane 5 process can be carried out by inserting a
stuffing bit i mediately before another optional synchronization code
inserting position. In FIG 31, arrows 3101 through 3103 denot e exanpl es of
decodi ng end positions of a code string (indicated by "xxx"") imrediately
before the stuffing bit 10 STUFF when the decoding is carried out in a
forward directinBreaitbd he Thglﬂtefeﬁcé ofieatd pbsshidla rmrsdéaaﬂéa&betri&e

decoding end ngsbiLom ISR 00 £k Skeds 11 el 40 & SOl SLLLAGE U de

decoding is n y car e deco I'ng” en
string 15 |%ﬂ@ﬁfat@lgr@@¢©$eatpﬁeEQ@f$Y¢EP¢QQl§§tI¢n4s coi ncident with

the starting position op)tfgeidtfdsBiny b i Etvey avbdYa tdwaar wewB101.

5 representative of the length thereof. 1In the decoding
system, the length 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

10 STUFF. In 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.

15 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

20 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

25 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

30 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

35 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



On the other hand, when an error is mixed into a code string, t he decodi ng
end position of a code string 20 i medi atel y before the stuffing bit
STUFF is shifted fromthe starting position of the stuffing bit STUFF as
‘shown by the arrows 3102 and 3103. In such a case, it is determned that an
error exists in the code string. In the decoding system when the decoding
of a code 25 string imredi ately beforeyghe stuffing bit STUFF is

conpl eted, the stuffing bit STUFF before the next synchronization code

i nserting posidéoneaser ¢he prubaltil styetheani negsshridadyridieroradastiv i ng

bit STUFF is cohdctdeninidip #&%ﬁ%%ﬁ}}f#{ﬁ&% ¢@pl e shown in FIGS. 30
30(a) and 30(b). If the stuffing bit . 'S hot 'col ncident with any
codes, it is deterninedl HBRe agiteffbnpgeRist STWRENMAY be detbemkndd twhet her
the stuffing arity check bit or the like for an error
5 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

10 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

15 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

20 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

25 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

- 30 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

35 the number of bits of the stuffing bits STUFFs to improve
the coding efficiency. _

(2) In é case where no error correcting/detecting



STUFF is coincident with the code table, a small bit error 35 may be
allowable. Thus, it is possible to decrease the error detection of an
error when an error is mxed into the stuffing bit STUFF itself. - 70-
The code table of FIG 30(a) always starts from"0" and has the subsequent
bits of "1"s. Therefore, in order to carry .out the error detection, it may
be determ ned only whether the next bit tggthe decoding end position of the
5 code string imedi ately before the stuffing bit STUFF is "0", or the
error detecti orodayibeusad,i e uicrdniiytide &Ebast inQerandgt fl?lt%ib;%%l.que”t

some "1%s. Thugen@l Hao4ely G BL' QreSELE A AGCHIATH }nsnéx'n gty Jquered,
the required to carry out the synchronization detection by
means of a decoding system, i.e., the length of a
5 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
10 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,

15 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

20 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

25 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

30 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.

35 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.



t hroughput required to decoding can be decreased. Thus, 10 in a case
where a code table starting froma specific bit pattern, in which all the
stuffing bits STUFF conprise a specific bit or a plurality of bits, is
‘used, the decoding process can be sinplified. Mreover, the stuffing bits
STUFF shown in the code 15 tables of FIG 30(a) and 30(b) contain a |ot
of bits of "1", and the humm ng di stancesyfcom the synchroni zation code
containing a lot of "0"s and a part thereof are great as shown in FIG 5,

so that there psobaballyapt agetm feh:atoxt f&ﬁ@tbf&hld;fyatbﬁhcﬁreﬁ&%(hon
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he stuffin
I engt h Of t earrangeg 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

10 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

15 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

20 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

25 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

30 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

35 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



25 bit STUFF is -1). 1In 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 hunm ng di stances fromthe synchronization
code and a part thereof are (the length of the stuffing bit STUFF is -2).
30 Thus, if the humm ng di stances between the stuffing bit STUFF, and
the synchroni zati on code and a part theregk-are selected so as to be
greater than a predeterm ned value, e.g., (the length of the stuffing bit
STUFF -2), so ahspert fiisc dpdSiiduildn tion paodode & tpsimgoisypohrai aadi am code
35  even if glrorhgkibh @zéﬁd | A 988 Stthii0m RENEL T h&q 32,
this effect wll be descri bed. FAIGS}.%gZ%'a- 87 and 331(%-60[% s%]g%vn%?(ggp éis' of
code . Specifically, for example, if information representative

of the position indicated by arrow 3241 is contained in

5 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 inserted bits.



~71- strings when usual stuffing bits (all the bits are "0") and the
stuffing bits STUFF shown in the code table of FIG 30(a) are used, and
FIGS. 32(a-1) and 32(b-1) show exanples when an error of 1 bit is mixed in
FIGS. 32(a-0) and 5 32(b-0), respectively. As can be seen fromFIG
32(a-1), if only an error of 1 bit is mxed into the usual stuffing bits
wherein all the bits are "0", the sane bityzpattern as the synchroni zation
code is produced as shown by the broken line in FIG 32(a-1), so that a
pseudo synchroni zation 10 occurs. OcLpaeisot her hand, the stuffing bit

STUFF representative of the code table of FIG 30(b) is.not the sane _
pattern as thﬁSynchrg}]iﬁ%‘f}r% RPR\AMREF LS Er ror is ni xed as shown in

FIG 32(b-2), so that cwdirgeudarsy oy aodiag an dnputscod® string to anfhus,
the stuffing t&fréflé&%féé%fﬁj?éé%ké%@ﬁé“éEHE 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 *




has advantages in that it is possible to easily detect an error of a code
string, and it is difficult to produce a pseudo synchroni zati on code even
if an error is mxed into a code string, so that it is possible to provide
‘a strong 20 error resistance. In addition, the stuffing bit in this
preferred enbodi nent can uniformy decode in the backward direction, and
identify the starting position thereof, i-am- the end position of a code
string i mredi ately before the stuffing 25 bit STUFF. Therefore, after
t he codi ng, by which atodih@grm@anenfepdeodingng code decoiiegl tnahefdriodd

forward and bagkwar [ [ . rrj N i '

I mredi atel y beggr eatq'h(%ai %&Fgg’}nlﬁé gggo%%%"%#ﬁ%é%%%%\%’r S‘E‘(le %gct‘.e Fon as
shown by t he arpowegtdugydetrecting . cgie comprising ap infergasriarehitorrd
preferred enbogdi gR8EK bhe; sandfing bit STUFF may be determ ned as foll ows.

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: “° .
, R

A



(1) In a case where a synchroni zation code contains "0"s of sync_O_len bits
as shown in FIG 5, if all the bits of the stuffing bits STUFF or at | east

at the 35 synchroni zation code inserting positions are set to be "1",
the hunmm ng distances between the portions of "0" of the synchronization
code and the stuffing bits STUFF can be -72- increased. Therefore, it is

possi bl e to decrease the probability thatygn error is mxed into the
stuffing bits STUFF to produce a pseudo synchronization. (2) The stuffing

bit STUFF nmay be a codsditig nfeand ERreeofiali ¥8 Phptibecd@OUbrikeredfan IN
the decoding %ﬁ%é%ncég¥%éé¥%g}hé¥eéé¥%é;ggg;;r0n1the poi nt, at which
_ 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.
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t he decoding of a code string other than the stuffing bit STUFF is
conpleted, is determned, and the decoding of the STUFF is decoded to
decode the length information of the 10 STUFF. In this case, if both
‘are coincident with each other, it can be determined that an error is m xed
into the code string.” In addition, the length of the code string of the
stuffing bits STUFF may be indicated by higgary nunbers. 15 For exanpl e,

if the STUFFs are 5 bits, "5" may be indicated by binary nunbers so as to

be "00101". Al ternativgl al u |V, ; lng a conpl enent of "1" or
"2" froma vaI%é indiCgt%%c%3¥@¢n§¥€$%$w£ébé?%%y e used as a code rd of
the stuffing bits STURtecodhig means foxnepcefipgid crye S&Fm@vswghc}fqoﬁes

STUFFs is decrggagd, +o0 af kaiffidrdrst possed bbe éprophebirreatisgd®tecting

synchroni zati on f10/ 0CCUrriNg.S' 8 e \ina"821RESIRALLSAC Il enerate
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 egual 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 optidnal 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 *




(3) In a case where the coding is carried out using a code word which can
be decoded in both of forward and 25 backward directions, it is required
to decode the stuffing bits STUFFs in the backward direction fromthe end
point of the franme in the decoding system to find the starting point (the
boundary point between the STUFF and anot her code word). In such a case,
the STUFFs nay be determ ned 30 S0 as-gp-be a code word, which starts
from"0"(s) of 1 bit or a plurality of bits and has the residuals of "1"s,
such as "0111gdéde Taumintd naumhdhd-o Airei dec edefloicie tahedbaglkverdthe

e Sbugm ! podid MR | hdleq ol ot 0 LAl i o0 o
addition, in tie kxaspl ef eheodie Swiiey, t WhAchhd § giaded poranoarsbrt he
stuffing bits cohtddescidif deltectsig Baliel domSro58d RinfihPormation 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§ *




-73- decrease the probability that a pseudo synchronization occurs simlar
to the aforenentioned (1). (4) The stuffing bit STUFF may be a check bit, a
parity check bit or the like for an error 5 correcting/ detecting code
of a part or all of bits of an output code string. Thus, the error
correction/detection of a bit error mxed into an output code string can be
carried out. As described in the above exgpples, stuffing bits 10  STUFFs
are produced in accordance with a predetermned rule, and the stuffing bits

-STUFFs in an iapuing@eessgidNg & @rojaeekecd milbipexes adued @tfiﬂl_gg; idhf

' i I ' TUFFs are
decoding system 1f Itcé&ed§£etn1ned th%hi&&?ﬁ%égélpgrbingu%tgng said

ring assem
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

[




agai nst the producing rule, it can be determ ned that an 15 error is

m xed into the input code string. Thus, if a process for preventing a
Jeproduced i mage frombeing greatly deteriorated is carried out in a
dynam c i mage decoding system it is possible to inprove the quality of a
reproduced image when an error is mxed into the input 20 code string.
Moreover, in the aforenentioned preferredggabodi nent, the synchroni zation
code inserting interval sync_period nay be determned as follows. (1) In a
case where an terarsfoomingt naghgeteet itiGrdforwity a4 Scd8€dsting other

synchroni zat i J ' | 4 val c_per.d od .may:be greater than the
n¥ninun1nunbe?ﬂb ;ﬁéﬁﬁn (ﬁﬁ%&ﬁﬁ%%éﬁ%ﬁﬁjﬁ%ﬁ%’t é‘%&ﬁfﬁ%ﬁﬁ?ﬁ%@%@ﬁﬁﬂéPé I on
by nmeans of amqmi%woﬁseiﬁlsehéisgm@itm Hengahd gfutput code
synchroni zat i gieGiode, &yl die OHURMINGR |31 1ehc® EeaK SAlild 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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30

nunbers of bits of the last stuff . (
if the sync_period has the mninumbits, by which the synchroni zat

/2,

for an error correcting/detecting code.

Since the nean val ue of the

ing bits STUFFs of a frame is sync_period
i on

detection can be carried out, it is possible to decrease 35 the nunber of
bits of the stuffing bits STUFFs to inprove the coding efficiency. (2)
case where no error correcting/detecting-g4--74- code is used, a

synchroni zati on code inserting interval

In a

sync_period may be greater than the

m ni mrum nunbersaifd utpuegbdedstoingy ry out the synchronizati on detection
by neans of a decoding system i.e., the length of a

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

D




5 synchroni zation code. Since the nmean value of the nunbers of bits of
the last stuffing bits STUFFs of a frame is sync_period / 2, if the
sync_period has the mninumbits, by which the synchronization detection
can be carried out, it is possible to decrease the nunber of bits of the 10
stuffing bits STUFFs to i nprove the coding efficiency. (3) In a case where
a frame length information PO NTER is usegsas shown in FIGS. 15, 16, 17 and
27, a synchroni zation code inserting interval sync_period may be shorter
than the Iengté.ram msyueh@mézatfﬂﬁgcaﬂa whBES, hihming! di% tResH ! fa-dnp

decrease the ff| bits ST FFs rove the
codi ng efficiency. 7‘% Ilf)"Lc;I§J"£')a1:sJ'e Wnere t%e‘gt g B & s’fc?rr%éaqusa]cé?orl ed
out by dividi iF igHeRtRKan @ predaetenming®maliue.deternmined in a

transm ssion line or a storage nedium a 20 synchronlzatlon code

rting interval. syn eri od may be
I nserting { gbgfg 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.

(LTI



Tatched 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
synchroni zation code inserting position, it is possible to detect a 25
synchroni zati on code even if a packet or cell is produced due to packet

|l oss or cell loss. (5) The synchronization code inserting interval
sync_period is preferably shorter than thggrequired m ni num nunber of bits
of a franme. Thus, it is possible 30 to decrease the nunber of bits of the

stuffing bits ’EQ'UEFScde.LﬂgTng%&,%ni e eed rerehl igi €0&¥m 47 XiHe R Al egarl@

Enbodi t) Th t f d, enbod nt of the ent vention wll be
Gooori bed. ) g5 Cods*sBrPhG SESERRTIRE RERDE SoutlE, BRTAC R neRrE At | 0

dynam c i mage codesgtsysaeen dhffbrengr ébegtbds dmbadpammnt 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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Tn these output code strings, in order to decrease the -75- probability
of the error detection of a synchronization code due to errors, the bi t
~inserting process as described in the aforenentioned preferred enbodi nents
is carried out. In addition, information, such as heater information, is 5
arranged at predeterm ned positions, or at predeterm ned positions based on
a synchroni zation code. FIG 35(a) is a cgede 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 thgst@kactdraw ngs, each of the
portions 3201, 3202, fGl and 3%52 shomn gy the s“antlng | i nes shows

erein an error
|nfornat|on arranged a
correction/detect-ion coding is combined with a

synchronization recovering technique using a-

5 synchronization code, the problems of a pseudo
synchronization and a step out due to error detect-ion are
solved. There is provided a coding part 212 fbr coding an
input multiplexed code string 201 to an error correcting-
/detecting code comprising an information bit and a check

10 bit, and code string assembling part 213 for inserting a
synchronization code into any one of a plurality of
periodically predetermined synchronization code inserting
positions in the code string 201, for arranging the
information bit at an optional position in the code string,

15 and for arranging the check bit at a position other than
the synchronization code inserting positions in the code
string 201 to assemble an output code string 205.

20
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the predeterm ned position (the predeterm ned position based on a
synchroni zati on code), and each of void arrows 3211 and 3212 indicates the
position, into which the 15 information is inserted. The information
3261 and information 3262 of the code string in FIG 35(b) corresponds to
the informati on 3201 and i nformation %égﬁzof the code string in FIG 35(a),
respectively. In sonme cases, when t hé string (a) is transforned to the
code 20 string (b), these information may be transforned (i.e., the
transformation frominformation 3201 to information 3261 and the
transformation frominformation 32%§ tq information 3262). In FIG 35(b),
3203 denotes a bit inserted by the@&b bit inserting process. Since the
‘bit string subsequently to the insepted bigp is shifted backward by the bit
inserting process, a part of a_cod¢.§5 i Qainnediately
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before the information to be inserted at a predeternmi ned position is
shifted so that the information is inserted at 30 t he predeterm ned
position. For exanple, assum ng that the total of the nunbers of inserted
bits fromthe synchronizati on code 3205 i medi ately before the information
3201 is Nsl, Nsl bits indicated by.sign 3221 in FIG 35(a) inmediately
before the information 3201 may 35 2 pé%EFifted to the portion of sign
3231 in FIG 35(b) inmediately 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

t ransf or ned.

- 305
COEF

304
(
MV

FIG. 2

303
(
MODE

302
(
PH

301
(
PSC




Specifically, for exanple, if information representative of the position

I ndi cated by arrow 3241 is contained in 5 I nformati on 3201, the
information representative of the position in information 3261 is
transfornmed so as to indicate the position representative of arrow 3251
after the position by the nunber Nsl of the inserted. bits. -77- CLAIMS
1. A codi ng system conprising: §odi & means for coding an input code
string to an error correcting/detecting code conprising an information bit
and a check bit; and code string assenbling nmeans for inserting a
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synchroni -zation code into any one of a plurality of predeterm ned
synchroni zati on 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
synchroni zation code inserting positions_in said output code string to
assenbl e said out put code string. 2.4 iii\decoding system conpri si ng:
synchroni zati on code detecting nmeans for detecting a synchroni zation code
at a plurality of predeterm ned synchronization code inserting positions on
the basis of a code string, which is coded to an error
correcting/detect-ing code conprising an information bit and a check bit;
code string resol ving nmeans for LEEQLMLQg,sgjd code string to extract said

information bit of said error
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correcting/detecting code and said check bit of said error
correcting/detecting code arranged at a position other than said
synchroni zati on code inserting positions; and decodi ng nmeans for receiving
said information bit and said check bit extracted by said code string
resol ving neans to decode said error correcting/detecting code. 3. A
codi ng system conpri sing: code string5v(éﬁ§ﬁorn1ng means for transform ng
an i nput code string other than synchronization codes arranged at a
plurality of predeterm ned synchronization code inserting positions in an
out put code string so that a humm ng di stance from said synchroni zati on
code is equal to or greater than a predeterm ned val ue;

00000000000000001XXXXX
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-78- coding neans for coding a code string transformed by said code string
transform ng nmeans, to an error correcting/detecting code conprising an
information bit and a check bit; and code string assenbling neans for
inserting a synchro-nization code into any one of a plurality of

predet ermi ned synchroni zati on code inserting positions in said output code
string, for arranging said informati6n/hBt3 at an optional position in an
out put code string and for arranging said check bit at a position other

t han said synchroni zati on code inserting positions in said output code
string to assenble said output code string. 4. A decodi ng system
conprising: synchroni zati on code detecting nmeans for detecting a

synchroni zat i og code dt a predeterm ned synchroni zation

_- 213
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code inserting position on the basis of a code string, which is coded to an
error correcting/detecting code conprising an information bit and a check
bit and into which the synchroni zation code; code string resolving neans
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 atZg go$ition other than said
synchroni zati on code inserting position; decoding neans 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
- transform ng neans for trapsformng a code string other than said
synchroni zati on code, whiclis transformed so that a humm ng di stance from
sai d synchroni zati on code Fﬁ\aﬂid code string decoded by said -
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decoding neans is equal to or greater than a predeterm ned val ue and which
exi sts at said synchroni zati-on code inserting position, into the original
code string. 5. A codi ng system conpri si ng: -79- codi ng neans for
coding an input code string to an error correcting/detecting code;
synchroni zati on code inserting neans for _inserting a synchronization code
into said code string; and detern nify/ndahs for determning the number of
bits an information to be coded to an error correcting/detecting code

i mmedi ately before said synchronization code in said code string,
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sai d codi ng neans coding said error correcting/detect-ing code i medi ately
before said synchroni zati on code, using a degenerate code, which is

adapti vel y degenerated on the basis of the nunber of bits determ ned by
sai d determ ning neans. 6. - A decoding system conprising: decoding
means for decoding a code string, which is coded to an error
correcting/detecting code and i nto w8l gh3af synchroni zati on code is

i nserted; synchroni zation code detecting nmeans for detecting said
synchroni zation code in said code string; and determ ning neans for

determ ning the nynber of bits of an information, which is codgd to an
error correcLLng:fdeLechng-codenjnnEdLalely-beio:e_saLH_synchtoanation
code incgdid code stringlﬂefetfed-by sai d synchroni zatipn code [det gcting
means, 8;: < | - L ~ - :
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sai d decodi ng neans decodi ng by identifying whether said error
correcting/detecting code i medi ately before said synchronization code is a
degenerate code on the basis of the determ ned result of said determ ning
means. 7. A codi ng system conprising: coding neans for coding a code
string containing kinds of input information to an error
correcting/detecting code; and sw tgfi Ag3keans for switching the kind of
said error correcting/detecting code in accordance with the kinds of said
input information in said code string. -80- 8. ~ A decodi ng system
conpri si ng: -
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decodi ng nmeans for decoding a code string, which is coded to a different
kind of error correcting/detecting code in accordance of the kind of
information, to generate the original information; and nmeans for

determ ning the kind of said error correct-ing/detecting code on the basis
of the kind of information generated by said decoding neans, to informsaid
decodi ng neans. 9. A codi ng sys¥e¢m/eduprising: code string transforning
means for transform ng an input code string other than synchronization
codes, which are arranged at a plurality of predeterm ned synchroniza- tion
code inserting positions in an output code string and in intervals of a
predeterm ned nunber of bits before and after the predeterm ned

synchroni zation code inserting positions in an output code string, so that
a hunm ng

"sync-0-len"BIT
(a) X10 0 0 -v-mmmmmmmmmmmm e 0 011 X
: !
(b) 010 0 -----=----=-<----------- 0 0 1!X X
(c) X/X 000 --------- 11 ------------- 0:0 1
BIT IS ELIMINATED
(d) Xi0 0 0--------mmmmmmmmm oo 0 0 1:X X
(e) X100 0 -------- proe 0: 0 1
BIT IS ADDED

SYNCHRONIZATION CODE DETECTION _
WINDOW OF "sync-0-len+2"BIT

FIG.12



di stance from said synchroni zation code 41 s equal to or greater than a
predet erm ned val.ue; coding neans for coding a code string transforned by
said code string transform ng neans, to an error correct-ing/detecting code
conprising an information bit and a check bit; and code string assenbling
means for inserting a synchroni zation code _into any one of a plurality of
predet ermi ned synchroni zati on code Vdge(nfﬁ% positions in said output code
string, for arranging said information bit at an optional position in said
out put code string, and for arranging said check bit at. a position other
than said synchroni zation code inserting positions in said output code
string to assenble said output code string. 10. A decoding system

conpri sing: synchroni zati on code detecting neans for detecting
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a synchroni zation code at a predeterm ned synchroni zati on code inserting
position and in an interval of a predet er mi ned nunber of bits before and
after the predeterm ned synchroni zation code inserting position, on the
basis of a code string, which is coded to an error correcting/detecting
code conprising an information bit and a check bit and into which the
synchroni zati on code; code string rkSof\35g nmeans 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;
decodi ng neans for receiving said information bit
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and said check bit extracted by said code string resolving neans to decode
said error correcting/detecting code; and code string transform ng neans:
for transform ng a code string other than said synchronization code, which
is transformed so that a hunm ng di stance from sai d synchroni zation code in
said code string decoded by said decoding nmeans is equal to or greater than
a predeternined val ue and which exih#s/ap.Fai d synchroni zati on code
inserting position and in an interval of a predeterm ned nunmber of bits
before and after said synchronization code inserting position, into the
original code string. 11. A coding system conprising: multiplexing neans
for multiplexing kinds of conpressed codes, which are obtained by
conpression coding an input signal, to produce a nultiplexed code string;
and code string assenbling neans for inputting said '
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mul ti pl exed code string to assenbl e an out put code string,

said code string

assenbl i ng neans inserting a synchronization code into any one of a
plurality of periodically predeterm ned synchronization code inserting

positions in said output code string.
mul ti pl exi ng means for nultiplexing kinds of conpressed codes,

obt ai ned by conpression codi ng

said nmulti-plexed code string to assenbl e an out put code string,

12. A codi ng system conpri sing:

whi ch are

-5 /AF¥Bnput signal, to produce a

mul ti pl exed code string; and code string assenbling nmeans for inputting

string assenbling nmeans inserting a
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synchro-ni zation code into any one of a plurality of periodically
predet erm ned synchroni zati on code inserting positions in said output code
string, and suitably inserting a stuffing bit into said output code string.
13. A coding systemconprising: nultiplexing nmeans for mnultiplexing kinds
of conpressed codes, which are obtained by conpression coding an input
signal, to produce a nultiplexed cotf§g £tFi%g; and code string assenbling
means for inputting said nmulti-plexed code string to assenble an out put
code string, said code string assenbling neans predetermining a plurality
of synchronization code inserting positions arranged periodically in said
out put code string, inserting an information indicating a boundary of said
mul ti pl exed code string, and inserting a synchroni zation code into any one
of said plurality of synchronization code inserting
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positions. 14. A coding systemas set forth in any one of clains 11 through
13, wherein said nmultiplexing neans nultipl exes a conpressed code, which is
conpressi on coded for each of frames or segnents of the frames of an input

i mage signal, for each of said franes or said segnents of the frame, and
wherein said code string assenbling means _inserts a synchronization code
into a synchroni zati on code insertMﬂ54&ﬁﬁiicwlinnEdiater before or after
the end portion of each synchronizing unit nultiplexed for each of said
frames or said segnents of the frames of said nultiplexed code string. 15.
A coding systemas set forth in any one of clainms 11 through 13, which
further conprises code string i
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-83- transform ng nmeans for transformng a code string other than said
synchroni zati on code, which is arranged at said synchroni zati on code
inserting position in said output code string, so that a humm ng di stance
fromsaid synchroniza- tion code is equal to or greater than a
predeterm ned val ue. 16. A decoding system conprising: synchronization code
detecting neans for detecting a syngg ghBZution code in an output code
string; denultiplexing neans for denultiplexing on the basis of the
position of the synchronization code detected by said synchronization code
detecting neans fromsaid i nput code string, to produce a conpressed code
string; and decodi ng nﬁans for decoding said conpressed code to
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out put a reconstructed signal, said synchronization code detecting neans
detecting said synchronlzatlon code at a plurality of periodically
predeterm ned synchroni zation code inserting positions in said input code
string. 17. A decoding systemas set forth in claim 16, which further
conprises code string transform ng neans for transformng a code string
other than said synchronization cogeg #h$Sh is transfornmed so that a

hunm ng di stance from said synchroni zation code is equal to or greater than
a predeterm ned value at said synchronization code inserting position of
said input code string, into the original code string. 18. A coding system
conprising: code string assenbling neans for inserting a synchronization
code into any one of a plurality of
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periodically predeterm ned synchroni zati on code inserting positions in an
out put code string, and for suitably inserting, into said code string, a
stuffing bit, which is able to be unifornmy decoded in a backward direction
of -84- said output code string. 19. A coding systemas set forth in
claim 18, wherein said code string assenbling neans inserts said stuffing
bit inmediately before any one of s@@FlB33ality of synchroni- zation code
inserting positions in said output code string. 20. A decoding system
~conprising: decoding nmeans for decoding an input code string, in which a
.synchroni zation code is inserted into any one
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of a plurality of periodically predeterm ned synchronization-code inserting
positions and into which a stuffing bit, which is able to be uniformy
decoded in a backward direction, is suitably inserted; and error detecting
means for detecting an error in said input code string by conparing a
decodi ng end position of a code string imedi ately before said stuffing
bit, which is decoded by said decogPfig/m@dahs, with a starting position of
sai d stuffing bit. 21. A decoding systemas set forth in claim20, wherein
said stuffing bit is inserted i mediately before any one of said plurality
of synchroni zation code inserting positions in said input code string. 22.
A decodi ng systemas set forth in claim 19, wherein said decodi ng neans
decodes a code string |nned|ately before said stuffing bit in a backward
direction froma
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starting position of said stuffing bit. 23. A coding system conpri sing:
code string assenbling neans for inserting a synchro-nization code into any
one of a plurality of periodically predeterm ned synchroni zation code

i nserting positions in an output code string, and for suitably inserting,
into said code string, a stuffing bit, which is able to be uniformy
decoded in a backward direction of 22 48583 said out put code string and
whose humm ng di stances from said synchroni zati on code and a part thereof
are equal to or greater than a predeterm ned value. 24. A coding system as
set forth in any one of“clains_18
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t hrough 23, wherein said stuffing bit is arranged i medi ately before said
synchroni zati on code. 25. A decoding system conprising: decodi ng neans for
decodi ng an input code string, in which a synchronization code is inserted
into any one of a plurality of periodically predeterm ned synchronization
code inserting positions and into which a_stuffing bit is suitably
inserted, said stuffing bit being éﬁﬁé/ﬁgjie uniformy decoded in a
backward direction, and the humm ng di stances from said synchroni zation
code and a part thereof being equal to or greater than a predeterm ned

val ue; and error detecting nmeans for detecting an error in said input code
string by conparing a decoding end position of a code string inmediately
before said stuffing bit, which is decoded by said degoding nmeans, wWith a
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position of said stuffing bit. 26. A decoding systemas set forth in any
one of clains 20, 22 and 25, wherein said stuffing bit of said input code
string is arranged i medi ately before said synchronization code. 27. A
codi ng systemas set forth in any one of clains 11 through 13, wherein said
mul ti pl exi ng neans produces a multipl exed _code string by nultiplexing said
conpressed code string for each of p(dﬁﬂity of layers, and said code
string assenbling nmeans inputs said nultiplexed code string to add a
synchroni zation code to at least a part of said plurality of layers to

produce an out put code. 28. A coding systemas set forth in claim?27,
wherein said : :
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code string assenbling neans causes said synchronization codes to have
different lengths in a part or all of said plurality of |layers. 29. A
codi ng systemas set forth in claim?27 or 28, which further conprises code
string transform ng nmeans for transformng a code string other than said
synchroni zation code in a part or all. of éﬁyers, to which said
synchroni zati on code of said outpuéaﬁbﬁég tring is added, so that a humm ng
di stance from said synchroni zati on code is equal to or greater than a
predet erm ned value. 30. A coding systemas set forth in claim?29, which
further conprises code string transform ng neans for transform ng a code
string other than said synchronizati ofi code 1n a qart.or all of layers, to

whi ch sai d synchroni zati on code of sajd output code string is added, so
that a humm ng di.stance from a synchrpmr—zatjon code, which has a shortest
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| engt h of synchronization codes having different lengths, is equal to or
greater than a predeterm ned value. 31. A decoding systemas set forth in
claim 16, wherein said input code string conprises a nmultiplexed code
string, which is multiplexed for each of a plurality of |ayers, a
synchroni zati on code being added to at |east a part of said plurality of

| ayers. 32. A decoding systemas s@6163FF in claim31, which further
conprises code string transform ng nmeans for transform ng a code string
ot her than said synchronization code, which is transforned so that a

humm ng di stance from a synchroni zati on _code, which has a shortest |ength

of synchroni zatti e having di ffleregf Tefgihs in a paft qf attTg¢f added
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200 ... Output Encoder

201 ... Cada Saquence

202 ... FEC Kind ldentification Signal

203 ... Synchronization Code Insertion Request
Signal

205 ... O Code Sag

(S7) Abstract

The problems of pscudo-synchronization and out-of-synchronization caused by erroneous detection of synchronization codes of an
encoder in which an erfor correction/detection coding and a synchronism restoring method using synchronization codes. There are provided
a coding unit (212) for encoding a sequence of inputted multiplex codes (201) into error correction/detection codes comprising information
bits and inspection bits; and a code sequence assembling unit (213) for assembling a sequence of output codes (205) by inserting a
synchronization code into any of a plurality of periodically predetermined synchronization code insertion positions in the code sequence
(201) and by arranging the information bits in arbitrary positions in the code sequence and the inspection bits in positions other than the
synchronization code insertion positions in the code sequence (201).
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