p=

; e3e<t O<JJK\ MGWN6 OTt Gdn 7 BRI EF STATEMENT ON THE BASIS OF 19(1) It is
clarified that according to Clains 1 and 2, when errors in be
corrected by subjecting error correcting codes which are Wﬂﬂﬁﬂﬁ“@ﬂ]ﬂ““ﬁ& to
the data, to iterative decoding of a predeternined nunber )

data error correction device term natek-the iterative decodi L¥*or 1 nat e
the error correction processing when it judges that the dataﬂ@ﬁﬁ@"kﬁ"ﬁmmkr
even when the nunber of times of the decoding is less than t -
predet ermi ned nunber of tinmes, and stops a clock signal which isS¥Eplied
to the data error correction device during a period until the_iterative
decodi ng for the neRRIGH STATBMENT QN THE BASIS, OFh&9qdnber of tines of
the iterative decoding can be reduced as well as the power consunption in
the data error correction device can be further reduced, with ensuring the
reliability of data. The reference (JP, 64-47132 ) is characterized in that
when errors ihtdasacdaeifdede thart edaakding ubd eClaigselr andoRr, eahieng codes
which are multiply added to the data, to the iterative decoding of a

pr edet ereriyroacs nimbdataf arients, behedrmctidéd byleswliegtingt expbrated to
termnate the error correction processing when it Is judged that the data
have no crmectimg wbdest hhiehnage afulitiplsy dddé® €6ceRéngats,! €8s than

t he predeterm ned nunber of tines. The present invention is different from
t he abovterat)veddowitbihd offes Pranld et edhRimb ¥ Bffstilﬂegfltt@leﬁaﬁtho be
corrected by subjecting error-correcting codes which are multiply added to

the dat &rror idvridet bon devP6odt 8emohabeB’ €HEt et 8ACHvBUABBHARhg! LBRS, 2
| ock signal. which is supplied to the data error correction devicCe is

" St opped téumiitgtte R @E 1R YorreRt 1A Prioce wherd St 3&&‘?@& €Hato

termnate the error correction processing when itT is judgéd fhat the data

have no teel Gatd Gfavéenot 82r8¥NBOenOWhen thed nunlfe eSO fifled Sof eERet NaN
the predeterm ned nunber of tines, and until the iterative decoding for the

Tre! pondeeRITE ot I T4 idiecunEenty | PUAREEDDE HIabky i 100U
stops a clock signal which is supplied to the data error
correction device during a period until the iterative decoding
for the next data is started. Therefore, the number of times
of the iterative decoding can be reduced as well as the power
consumption in the data error correction device can be further
reduced, with ensuring the reliability of data.

The reference (JP,64-47132) is characterized in that when
errors in data are to be corrected by subjecting error-
co;recting codes which are multiply added to the data, to the
iterative decoding of a predetermined number of times, the
iterative decoding is terminated to terminate the error |
correction processing when it is judged that the data have no
error even when the number of times of the decoding is less thaln

the predetermined number of times.

The present invention is different from the above-




t -1 DESCRI PTI ON DATA ERROR CORRECTI ON DEVI CE Techni cal Field The present
invention relates to a data error correction device which executes
iterative decoding of multiply added error-correcting codes, in data
processi ng. Background Art Conventionally, data error correction devices
whi ch decode error-correcting codes hé4 ng capabilities of correcting data
errors are utilized in various data recording/reproduction apparatus, as a
met hod for increasing the reliabilities of data processing systens.
Particularly in recent years, due to the high density recording to
recording nedia or increased data transfer rate for the data processing
appar at meentivned abeberehygeofinetharts wherdarrons cin ad&ta eade f tonbéhe
recording nmedia is increased. Accordingly, plural error-correcting codes
each hadourectedibersobjeotiagt ieryorapaiydddtying ecadielse dvii dch hergat a, or
iterative decoding in which the plural error-correcting codes are

r epeat ediwl tdigrlnesided peo f eheedata,t ke difed fdrit Lwé rdsdodingleyfcg. For
exanple in CD-ROVs, an error-correcting code for nusic CD which is called

Cl RC angraysitharmingd nundserobret imés, a 16kl ££4§hAY PGS iarSupdtiedat o
data. Further, the iterative decoding is perforied for these two kinds of

error- ceig ehbl AAt&06eFor Settéét YonHewitd VR el duP RRANGeribs
iterative decoding is perfornmed for product. codes.
after the iterative decoding is terminated to terminate the
,) error correction processing when it is judged that the data have
T no error even when the number of times of the decoding is less
than the predetermined number of times, and until the iterative
decoding for the next data is started. Accordingly, the
present invention can further reduce the power consumption in

the data error correction device.




«Cener,al ly, when data are read froma recording mediumto be transferred to
t he data processing apparatus, it is required that the denodul ati on
processing, error correction processing, data transfer processing and the
l'i ke should be executed without delaying the reading of the data .
Accordingly, the data error correctiet-device is designed to satisfy the
requi renments al so when performng the iterative decoding of a predeterm ned
nunber of times successively. Figure 3 is a block diagramillustrating a
structure of a prior art data error correction device. In the figure,
nuneral 31 denotes a syndrone cal cul ation neans for cal culating a syndrone
of i1 nput data. Nuneral 32 denot eBESOREPTTONI| ocati on/ nuneric val ue

cal cul ation neans for calculating an error |location and an error nuneric
val ue on the basis of the syndrone cal cul ated by the syndrone cal cul ati on
means 31. Nuneral 33 denotes an uncorrectability detection nmeans for
detecting the presence pATALERROR TCORHKMIITEEImyEcEOodewords in the present
decodi ng. Nuneral 34 denotes a correction term nation judgenent nmeans for

j udgi ngpeBBntieaT #aldi1ey of the correction process. Nunmeral 35 denotes a
control means for controlling the syndrone cal cul ati on neans -3 31, the

error | ocat irg pHEREM: idhvith tSadf Wl d 18 NERNS dirba 18 diN Crr@idtailid ity
detection neans 33 and the correction term nation judgenment neans 34. In

add't'0@evﬂégeﬁﬁhc%3@ﬁ¥ﬂﬂ¥é§5fté%ﬁé&@ér@écsaiﬁgcbioﬁd$¥ﬂﬂyi‘Madﬂa

conprises the syndrome cal cul ati on neans , error | ocation/nuneric

yalue cgtfukathanelRany Waddle #ICRAELpABELLEpget cotion means 33, fhe

rrection term nation | udgement  neans and t e control neans 35. Here,
“the error-correcting codes ( code A and code B ) are doubly added to the
i nput data, respectively. Figure 4 is a flowhart show ng an exanpl e of
proced%fékgi.oﬁha hbgrative decodi ng which is repeated a predet er m ned
nunber nmes In the data error correctlon device as shown in figure 3.

Figure 51s éofxlrgYi‘E'l%‘htalai v c{{ﬂ: 5 P c@imi;xe% 2l Whfigpdecodi ng

which is repeated less t e predetermne er of times 1n the data

: d5, th
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error-correcting espectively, are the code A

d the 508 2 d di h
?Re flrst de%g nﬁl S?%EQ%IEB%£¥¥¢¥H¥|rSt ggg Q&BQS?H?ﬁE coggoBln?hZ o
d ad
; espectiTarcd ﬂ%ﬂ"?eP% SRtach A aeto %%%2*3&2.% HERrEABANg  ode
A and thig cp, foﬁ‘b%iﬁzilekero’iatd"a'% PRESEL £ Osiré?%ehéerat' ve decoding tw ce,

respectively
Particularly in recent years, due to the high density

recording to recording media or increased data transfer rate
for the data processing apparatus, the probability of errors
in data which are read from the recording media is increased.
Accordingly, plural error-correcting codes each having a high
error-correcting capability are added to the data, or iterative
decoding in which the plural error-correcting codes are
repeatedly decoded is performed in the data error correction
device.

For example in CD-ROMs, an error-correcting code for music

CD which is called CIRC and another two kinds of error-



addi ti on, UNC(B2)=0 shows that no uncorrectable codeword is detected in the
B2 decodi ng. Wien UNC(B2) is not O, i.e., it is 1, it shows that the
uncorrectabl e codeword is detected. The sane things can be said of UNC (Al
) » UNC (Bl ) and UNC (A2 ) in figure 5. Initially, the case (Prior Art 1)
where error judgenent is nmade by the-2~erative decoding of the

predet ermi ned nunber of tines in the data error correction device is
described with reference to figures 3 and 4. ( Step S1 ) The syndrone

cal cul ation neans 31 receives fromoutside the data to which the
error-correcting codes , i.e. , code A and code B are doubly added as
descri bedratemiteing heodesl ankatdded spndatee ofuriherqdehl Wierdatveadded to
the input data, and outputs the syndrome. Then, the error |ocation/numeric

val ue cdecwidditn risTperto¥nehifod aheset broekinds!| Of adrtrur-aesir eecOinguneri c
val ue of the 6~ code A fromthe syndrome cal cul ati on neans 11 on the basis

of the spddsanesdaliQuirdiyedalyd hf ypRoME cxabUDL-RAMS) tRanBtSdativeout puts
these values to the outside as well as outputs the values cal cul ated by the

error | gegbddMg U rper FékredCcabeupabiigetmesdes32 to the uncorrectability
detection neans 33. Then, the uncorrectability detection neans 33 detects

the presence GeinedFENES WHe %Qtea%%dcQéswadfeéaramﬁgmsafah €gcodi ng
(Al decoding) fromthe values cal cul ated by the error -5 location/ nuneric

val ue cpbCthahsPErFeaNEo The ABaOMt P Ssi NG AP AL P, r8Sktrediereqt he
correction term nation judgenent nmeans 34 dutputs a judgenent Tesult that

_the nextnBi €ies i Fat LoR proceiadiaf | egkpgtwé&iaﬁm&sm@?r d'eess

f the detection result of the uncorrectabi etectio ans 33 i.

egar dl §§¢afr{A9r OF PYVUE £InG R 9h Réﬁf&tbaebéﬁeeeéegm%o‘?@em the

error correction processing in the Al decoding I1s termnate (Step S2)

et 1 2ELEFRGENERER Rocor IR Bpthe, SHBEDEL AN RL BRLTAET e
correction device is designed to satisfy the requirements also
when performing the iterative decoding of a predetermined
number of times successively.

Figure 3 is a block diagram illustrating a structure of
a prior art data error correction device.

In the figure, numeral 31 denotes a syndrome calculation
means for calculating a syndrome of input data. Numeral 32
denotes an error location/numeric value calculation means for
calculating an error location and an error numeric value on the
basis of the syndrome calculated by the syndrome calculation
means 31. Numeral 33 denotes an uncorrectability detection
means for detecting the presence or absence of uncorrectable
codewords in the present decoding. Numeral 34 denotes a
correction termination judgement means for judging the

termination of the correction process. Numeral 35 denotes a

control means for controlling the syndrome calculation means




The syndrone cal cul ati on means 31 cal cul ates a syndrome of the code B which
is added to the input data and outputs the syndrone. The error

| ocati on/ nurmeric val ue cal cul ati on neans 32, the uncorrectability detection
means 33 and the correction term nation judgenent neans 34 operate in the
sane nmanner as in the above-nenti oned-3l decoding ( step S1 ) , and then
the Bl decoding is termnated. (Step S3) Then, also in the A2 decodi ng, the
syndronme cal cul ati on neans 31, the error |ocation/nuneric value cal cul ation
means 32, the uncorrectability detection nmeans 33 and the correction

term nation judgenent neans 34 operate in the sane manner as in the

above- médit,i thederitotetodabhgon/snmersz yalue cfleambat hien mémns3i2gr the
correction processing is termnated. (Step S4) Then, also in the B2

decodi nginddrregtab binttgabetlestiion memns 33 4k he arorpeation/ nuneric

val ue cal cul ati on neans 32 and the uncorrectability detection neans 33

oper at e Hternimatsbo® fadgemeat meahnlse 3ahovennaddieien  Ahuvieaed NBq step S3
) , and a detection result showi ng the presence or absence of uncorrectable
codewor @enotddea | dsta deeedirngorBécitaendided)ides wiidh icolpk EPeSothdhen, the
correction term nation judgenent neans 34 receives the detection result '

( UNC( B2slynidroiid baladeiont meahstdl dehed oy 1828 ida/althdritoealtge
term nation of the correction processing (iterative decoding). Wen the

det ecti ealicdtid mddas 387 the@mytt dsbihaty HetEtalde fedhlses g pdewor d
is detected, the correct term nation judgenent means 34 judges that al

errors ithet B6réatd idnttepningitadn ?ﬁdg@h\bﬂ%ﬁﬁeéﬂ@ j4daenERhel @Sht ol hat the
jégrrectlon.us to be termnated to the control nmeans 35. The control neans
-3

cont mehast 3% syndrome cal cul ati on neans 31 and the |like, to execute the
iterative decoding for data which are to be subjected to the error

correction pPHRGRSSkHe RPdor WMdrAEt 1Ay ddel | ((bdd B andck¥deB§atde
detection result is UNC(B2)=1 and shows that the uncorrectable Codeword is
det ect edoubly GHJRFIUOhE! ThPat! A9thYdgeRpRtIRAS 34 J udges that errors

Figure 4 is a flowchart showing an example of procedures
of the iterative decoding which is repeated a predetermined
number of times in the data error correction device as shown
in figure 3. Figure 5 is a flowchart showing an example of
procedures of the decéding which is repeated less than the
predetérmined number of times in the data error correction
device as shown in figure 3.

In figures 4 and 5, the error-correcting codes which are
doubly added, respectively, are the code A and the code B. Al
decoding, Bl decoding, A2 decoding and B2 decoding show the
first decoding of the code A, the first decoding of the code
B, the second decoding of the code A and the second decoding
of the code B, respectively. That is, these figures show the

processing in which the code A and the code B are alternately

subjected to the iterative decoding twice, respectively. 1In



remain in the data, and outputs a judgenent result judging the
uncorrectability to the control nmeans 35. The control neans 35 controls the
syndrone cal cul ation neans 31 and the |ike, to proceed to predeterm ned
processi ng such as re-readi ng of the data which are being subjected to the
error correction processing fromthe ré&eording nedium Thus, the data error
correction device of Prior Art 1 is designed to read data successively al so
when executing the iterative decodi ng of the predeterm ned nunber of tines
successively, thereby always realizing the iterative decoding of the
predeterm ned nunber of times . In this case, the nunber of tines of the

i terativaddatdenng UNE (&) <D shoews ethat snoaunberrectadled caldeworenislat a
which are read fromthe recordi ng medi um have a high error probability.
Next, thdetestefPinothérB22jewabdingtheWwhenoUN¢ (HREEStnots 0pde. &y, tite
decodi ng which is repeated | ess than the predeterm ned nunber of tines in

t he dat aisrlr,oitshowsthat theinrdrreesssldeddevidrd &6 deiucrdd. f iTgg es 3
and 5. (Step S1) Also in the Al decoding of the Prior Art 2, the syndrone
cal cul at s ame retaiTsdd cahlse saidr ot QMRS (2 NURE( BE )Vaafwengqmql 2h ifGyuRAns 32
and the uncorrectability detection neans 33 operate in the sanme manner as
in the Ad.decoding of the Prior Art 1. Then, the uncorrectability detection
result show ng the presence or absence of uncorrect abl e codewords in the

present decodifgtfidilggcenienghsies (PHiRH ArtSi§PwhékeTBeRor! Hadg%@%t ion
term nati on judgenent _g_ means 34 receives the uncorrectability

det ect i Ofs ek thy 08 HRerutGee FEc 1id b:deh@CFteae'Ee&ﬂﬁn%ﬁ n¥®e o
‘Ecorrect abl e codeword is detected in the present decoding (Al decodl ng)

NC (Alof ¥dmes ilnfhehkbUdEEHEEE rdB ST Béct YO8 e @d 1%111:le%rcrrf?fb%d wikhe data

are corrected, and outputs the judgenent result that the correction is to

be termf@f@,_den@p {;Befgﬁﬁgéshgng,nd/\h;en t he uncorrectabl e codeword is
detected (UNC(A1l)=1) e judgenent neans 34 judges that errors remain in

the data -andopépy ! i bpaarBile deRliat Gk rdieox I diccidldgron Lo be

per f or med. Then he control means 35 contro e syndr one
outside the data to which the error-correctlng codes, i.e., code

A and code B are doubly added as described above, then calculates
a syndrome of the code A which is added to the input data, and
outputs the syndrome.

| Then, the error locafion/numeric value calculation means
32 calculates the error location and error numeric value of the
code A from the syndrome calculation means 11 on the basis of
the syndrome calculated by the syndrome calculation means 31
.and outputs these values to the outside as well as outputs the
values calculated by the error location/numeric value
calculation means 32 to the uncorrectability detection means
33.

Then, the uncorrectability detection means 33 detects the
presence or absence of uncorrectable codewords in the present

decoding (Al decoding) from the values calculated by the error



-cal cul ation neans 31 and the |ike. When the correction is to be term nated,
the iterative decoding for data which are to be subjected to the error
correction processing next is executed without interruption. In this case,
the correction is termnated w thout perform ng the remaining Bl decoding
(steps S3 and S4 ) , A2 decoding ( st®ps S5 and S6 ) , and B2 decoding (
steps S7 and S8). On the other hand, when the next decoding is to be
performed, the control neans 35 controls the syndrone cal cul ati on nmeans 31
and the like, to performthe Bl decoding as in steps S1 and S2 in the Al
decoding (steps S3 and S4). Thereafter, when the correction is not

ter m naledatior/AGmeérdedvadue sadpealdtimndmeans 32 tanel Batpacsdithe ( steps
S7 and S8 ) is perfornmed as in the steps S1 and S2 in the Al decodi ng.

9 I n déeeabbor- prestilaned Prior Art' 2, the detection result show ng the
presence or absence of uncorrectable codewords in the present decoding is

referred to Bheryetliedeoetiet® iothaarmiiest ith gjmgéﬁéhﬂbinéaﬁsdswrd is
detected in the present decoding, it is judged that all errors in the -data

are cordegiets anfhdd@nedteresiDt IRt aid Qe FRHWJHlliny iy FonBked while
the nunber of times of the decoding is |ess than the predeterm ned nunber

of tinmeskeAitdd aseithe Conthd P ek disNoregred¢dd OF 2RRAGaLEELRHR NOt
only connected to stationary type data procCessi ng apparatus but al so can be

connectydkd1t POf t BRE Cuh¥Be rdataAbANAESSs tLAHITH ahe'dns AFSOrdiagly, in the
data error correction devices which are utilized in the data

recor difgfd 1Rl &$8ICd f ObhaPpeedknte b€ APRUMAVIE GONSOFPEELEb1E Mequired.
~towever, ‘when data are read stably in the data error correction device, the
. data erdgdewdydability is |ow

Then, the error correction processing in the Al decoding
is terminated.

(Step S2) Next, the control means 35 controls the
syndrome calculation means 31 and the like, whereby the next
Bl decoding is executed.

The syndrome calculation means 31 calculates a syndrome
of the code B which is added to the input daté and outputs the
syndrome. The error location/numeric value calculation means
32, the uncorrectability detection means 33 and the correction
termination judgement means 34 operate in the same manner as
in the above-mentioned Al decoding (step S1), and then the Bl
decoding is terminated.

(Step S3) Then, also in the A2 decoding, the syndrome
calculation means 31, the error location/numeric value
calculation means 32, the uncorrectability detection means 33

and the correction termination judgement means 34 operate in

the same manner as in the above-mentioned Bl decoding (step S2),



P

Accordi ngly, when the nunber of tinmes of the iterative decoding is set
according to the case where the data error probability is high as in the
above-nentioned Prior Art 1, all errors are corrected in the first half of
the iterative decoding and there is no error to be corrected in the latter
hal f, in nost cases . However, the pofer is consumed in the extra decoding.
Therefore, in order to reduce the power consunption in the data error
correction device, it is an effective solution that the nunmber of tinmes of
the iterative decoding is reduced, thereby -10 lowering the operation
rate of the data error correction device. Then, it is readily conceivable

t hat t handr tencdhee@LXAr reehvecbionhpreeessingt iz itermdmatadl. However,
the error correction nethod of Prior Art 2 has a follow ng problem That

is, in the P(StepAS4 )2, Them ialstheirdde zrdecodinger thet aghdromgeword i s
detected and the correction is termnated, if the cause of no uncorrectable
codewor dabeihgtdenemeahs 3t hathe erféerkotatbdavnutedie valae error is
judged to have no error, the processing is term nated w thout perforn ng

t he itecalcutatidoadinegnshddgdind hehie untoaimewtabil tpdibtedtion hemmsar e sone
cases even when the correctabl e nunber of errors are corrected and no
uncorr e33 abperatdevnr dhes sigieaiftheerd®nLousheodbvoedhentdoned a2t ed to

di fferent codewords by the error correction and then the iterative decodi ng
processdegodinyerstenisad., dhdsa détedlion résult HR6wilg thebremdnd t he
iterative decoding is term nated even when there is a possibility that
errors epdhbdifce of ancetrdctdlfl @@ddelRredd Aa thePPadO/qE@sbdilat(B2s, it is
ﬂgndesirable-to decrease the reliability of data after the error correction

L iJs tewraéwﬁ@ﬂnghoigedutgu&he power consunption. The present invention is

made to sol ve the above-nentioned problens . An object of the present

i nvention is(&eepr 8%ideTReddt her AT re@t/ivN ¥ YA €foNhielgenantes to
reduce the nunber of tinmes of the iteration with ensuring the sane

rel i abimédnys 034t hecdavesathddetidbtiith Gassh 1be[Ené bﬁzb?eﬁbhveh@ecodi ng
-11 of the predeterm ned maxi mrum nunber of tines is perforned, thereby

reduci nghdder SOVED i L2V HBOELOP1b6A niddhsCS § OlanP) 18X hdEaERI RARI oFEANS.
Di scl osure of the Invention According to fne presént invention (Caiml),
in a dyf Hié ddofLEELELNOPARVESE Y Gt HU Y BF SaE6Q1AgH N data by
When the detection result is UNC(B2)=0 and shows that no
uncorrectable codeword is detected, the correct termination

judgement means 34 judges that all errors in the data are

corrected, and outputs the judgement result that the correction

g ) is to be terminated to the control means 35. The control means

35 controls the syndrome calculation means 31 and the like, to
execute the iterative decoding for data which are to be
subjected to the error correction processing next, without
interruption.

Inversely, when the detection result is UNC(B2)=1 and
shows that the uncorrectable codeword is detected, the
correction termination judgement means 34 judges that errors

remain in the data, and outputs a judgement result judging the



#

subj ecting error-correcting codes which are multiply added to the data, to
iterative decoding up to a predetern ned nunber of times, error correction
processing is termnated when it is judged that the data have no error even
when the nunber of times of the decoding is |less than the predeterm ned
nunber of times . According to the present invention (Claim1l), when the
errors in the data are corrected by subjecting the error correcting codes
which are multiply added to the data, to the iterative decoding of the
predet erm ned nunber of times, the iterative decoding is termnated to
termnated the error correction processing when it is judged that the data
have no encorrevtabifidtyt o ruhsheomirdlhamedasodisng The esntidedn nidams
predet er mi ned nunber of times. Therefore, the nunmber of tines of the

decodi ng3 & asorbter ¢ ksl udesl syiridr s wa lom dtei oreiealnis Bllyand the Idike, to
According to the present invention (Claim?2), the data error correction
devi ce opréteed to gargdetesmniBaOoprece8Hiht susietas tredir ddRBIEg fof thet ecting
presence or absence of -12 uncorrectabl e codewords in a present decoding;

det ecti ofat£SwhichohdenbeIRY S Ul A dd b HESetopf cbPeedetignt i on by the
uncorrectability detection nmeans, corresponding to decoding i nmedi ately

pfeceder@ré@eggngn@rgggﬁt tHRC QLA i M er 0 detection neans for
detecting that syndrones of all codewords in the present decoding are zero;

and correcti opp€] "t REldPPa) SEHBSFRIY r PESHSoh Uev 1@ 819 Brefdk ¥t Qnigf the
correction processing when no uncorrectable codeword is detected in the

decodi ngyddHmekd i €5 Yreaacadel smctéaesdweq%ﬁruléifmﬂgeﬁaéuwﬁ SYR@romes of

all the codewords in the present decoding are zero. According ?o t he

&

plesent J4WRIK 108 debbalfi2ok thd) prtdiiirh Hd P nEREELCOEOR HlBYI CO Of

Claim1, the correction térm nation judgenent nmeans judges that the data

have no ﬁéﬁs@ﬂ%ifﬁ%j?@yﬁiﬁﬁ?eﬁ}j{ ier{%?:h‘éoﬁ'E%E'Tath.% .aee§a§'h g when

no uncorrect abl e codewor ecoding i medi ately precedent

Lo the RiLeRBlpreaetbrinld hifpaY WY AMhesl 3hltAPIVMELS tiilthainare
etected by the syndrone zero detection

of times of the iterative decoding is set so that errors can
be corrected also when data which are read from the recording
medium have a high error probability.

Next, the case (Prior Art 2) where the error judgement
is made by the decoding which is repeated less than the
predeterminéd number of times in the data error correction
device is described with reference to figures 3 and 5.

(Step S1) Also in the Al decoding of the Prior Art 2, the
syndrome calculation means 31, the error location/numeric value
calculation means 32 and the uncorrectability detection means
33 operate in the same manner as in the Al decoding of the Prior
Art 1. Then, the uncorrectability detection result showing the
presence or absence of uncorrectable codewords in the present

decoding (Al decoding) is output.

(Step S2) Then, the correction termination judgement



means, are zero in the present decoding. Therefore, the nunmber of tines of
the iterative decoding can be reduced with ensuring the reliability of the
data as in the case where the iterative decoding of the predeterm ned
maxi mum nunber of times is performed. According to the present invention
(Cdaim3), the data error correction-#evice of Claiml or 2 further
conprises: control neans for stopping a clock signal which is supplied to
-13 the data error correction device, during a period after the error
correction processing is term nated when the nunber of tines of the

decoding is less than the predeterm ned nunber of tines, till the iterative
decodi ngrefaors 13 tredtives thentmerbr ectioalsi hijt y cdébecpiesenésubuefitomn (
Claim3 ) , in the data error correction device of Claim1l1l or 2, the clock

si gnal whiec incorsteptaleill i byt Hetdetdonr meangonnact whendawi ce i s stopped j
during a period after the error correction processing is term nated when

the numhgcodirddvmal @k ddevaiar 98i a8t eetkassn thanpregeniedetaaihgedanunber
of times, till the iterative decoding for the next decoding is Started.

Ther ef odecodifig)o A ) ¥hedHulddRnEHA n@an@ 3¢0548§E50FhRE OLLFSI NY
devi ce can be Eﬁr?ﬁg¥gre uced. Brigf EEZcription of tge ﬁiamﬁngs Figure 1

i s a bl eelodtisadmarend |dtptd adr@0carsbedelyr Gnal o tiAld L Rfdnfédtt On
devi ce according to an enbodi nent of the present invention.” Figure 2 is a

fl owchagbsgheWe Re taBheXaBprectfiol 9cedyr e ﬁérmﬁaebave SR COKle W idy t he

data error correction device according to the enbodi nent of the present

i nvent i RAndfiWhER the an2dr¥dt4H R e8leWdrdS L5 ald e fed (UL (HE) 2 ),
{ ) the-fudgement means 34 judges that errors remain in the data,
and outputs the judgement result that the next decoding is to
be performed.

Then, the control means 35 controls the syndrome
calculation means 31 and the like. When the correction is to
be terminated, the iterative decoding for data which are to be
subjected to the error correction processing next is executed
without interruption. In this case, the correction is
terminated without performing the remaining Bl decoding (steps
S$3 and S4), A2 decoding (steps S5 and S6), and B2 decoding (steps
S7 and §8). |

On the other hand, when the next decoding is to be performed,
the control means 35 controls the syndrome calculation means
31 and the like, to perform the Bl decoding as in steps S1 and
S2 in the Al decoding (steps S3 and S4).

Thereafter, when the correction is not terminated, the
A2 decoding (steps S5 and S6) and the B2 decoding (steps S7 and

S8) is performed as in the steps S1 and S2 in the Al decoding.




‘a prior art data error correction device. Figure 4 is a flowhart show ng
an exanpl e of procedures of iterative decoding in the prior art data error
correction -14 device. Figure 5 is a flowhart showi ng an exanpl e of
procedures of iterative decoding in the prior art data error correction
devi ce. Best Mdde for Carrying out tkh&8=Invention Hereinafter, an enbodi nent
of the present invention will be described in detail with reference to
figures 1 and 2. Figure 1 is a block diagramillustrating a structure of a
data error correction device according to the enbodi nent of the present
invention. In the figure, nuneral 11 denotes a syndrone cal cul ati on neans
for cal cul at Imgthesghoverpenit iomagd Padoax. AKtn2y athe Meteeot ben aresukdy one
zero detection neans for detecting that syndronmes of all codewords in the
pr esent slewdadigngher preseaceNorealbs efi8e def airewo rrect abl e | ondewand suirer i ¢
val ue cal cul ation neans for calculating an error |ocation and an error
nuner i cthel peesenthdebadiingofist hefeymredote stlevérny atbdydimeg. syMosmne

cal cul ati on neans 11. Nuneral |4 denotes an uncorrectability detection
means fwohefehecuined ridee tHlshe newd ewo 24 s &8 Cetéctedoihe ¢hablpresedvor ds in
the present decodi ng. Nuneral 15 denotes a detection result hol di ng neans
whi ch C@é&@ﬂmﬁgt, het det $edged tRtlal 1 resd IRt G dat al ffe icdraERied Y
precedi ng decoding in the uncorrectability detection neans 14. Nuneral 16
denot esa@d COhERCtheNet @bl BalkiredtiivhdpIrediesFaMY ifsOf driddiat®ed whlilid he
term nation of the correction processing. Nuneral 17 denotes a control

nmeans fehe CRGMbEk! 0B tiffess W He dedsaingi 98 resBsthin khe syndrome zero
.detection neans 12, the error |ocation/nuneric value cal cul ati on nmeans 13,

* Phe ungpféégtaph&hbu HRindydr ¥ "epmss 14, the detection result hol di ng neans
15, and the correction term nation judgenent neans 16. In addition, nuneral

ggl gﬁlngz es naAﬂaﬁlae@éﬁ@[ tHY B8R KSRy R§/ YEpLHAEGEERDNSASDA PEL §¥ AFOTE
not only connected to stationary type data processing apparatus
but also can be connected to portable type data processing
apparatus. Accordingly, in the data error correction devices
which areutilized in thedata recording/reproduction apparatus,
the low power consumption is required.
However, when data are read stably in the data error
correction device, the data error probability is low.
~) Accordingly, when the number of times of the iterative decoding
is set according to the case where the data error probability
is high as in the above-mentioned Prior Art 1, all errors are
corrected in the first half of the iterative decoding and there
is no error to be corrected in the latter half, in most cases.
However, thebpower is consumed in the extra decoding.
Therefore, in order to reduce the power consumption in the data

error correction device, it is an effective solution that the

number of times of the iterative decoding is reduced, thereby




means: 11, the syndrone zero detection nmeans 12, the error |ocation/nuneric
val ue cal cul ati on neans 13, the correction detection neans 14, the
detection result holding neans 15, the correction term nation judgenent
means 16, and the control neans 17. Here, error-correcting codes ( code A
and code B ) are added doubly to the-H&ta which are input to the data error
correction device 20. Figure 2 is a flowhart show ng an exanpl e of
procedures of the iterative decoding of a predeterm ned nunber of tinmes in
the data error correction device shown in figure d. In the figure, the
error-correcting codes which are added doubly to the data are the code A
and coddoRerdingithedipryaioncadd of theddats etinny aodrB2tdenctkwnirehow t he
first decoding for the code A the first decoding for the code B, the
second decodiTihgrnf,oitt he weadi Ly awhddioralebe tdate t hei emré prediheeatoiten B,
respectively. That is, figure 2 shows the error correction . -16
processmeghiod wfi dthe IFrborleadt ahdisoddopitede alibwenarel yheukjreored to the
iterative decoding twi ce, respectively. In addition, UNC(Al)=0 shows that
no uncocoetealtioncndehoddof Priieared2iind Aefdlldviadipobléen WHaH AL ) is
not O, i. e. , it is 1, it shows that the uncorrectable codeword is

det ect eds, Thw e divmastcan deesain tdle theeNél8)no UNCo¥PecttbIdNC( H2) .

In addition, SYN(A1l)=0 shows that syndronmes of all codewords are zero in

the Al deaetlbird. i¥i@até¥beflahdi €h80toPrett on. isttéEminatéd shopdat the
syndronmes of not all the codewords are zero. Next, the operation of the

error ceauset b@nnp' ARHEH KL tdbldecSPehOPG! beshgddé@te&t%ar Qs &Hated i on
_[,%GVI ce according to this enmbodinent is described with reference to figures

.V and 29j€Beeeneliolvbirdl Hife bk EYHY M sCahaykdl t8MaPe o Brrdcei ves
fromoutside data to which the error-correcting codes, i1.e., code and

code B ghe ¥s flgesls afe FRERA £ O dv PO S g%lﬁ&ﬁﬁ? theMR&rym vy the

code A which is added to the input data, an utputs the syndrome to the

syndr onge&6a9nget R6gANt HB2BS i3 2eAPdrE N £ I d 1 OfGH | YHSBETRIIE sbifel'e
cal cul ation nmeans 137 Then, the error |ocation/nunmeric value cal cul ation
Means cases even when the correctable number of errors are corrected
and no uncorrectable codeword is detected, erroneous cddewords
are corrected to different codewords by the error correction
and then the iterative decoding processing is terminated. Thus,
the Prior Art 2 has the problem that the iterative decoding is
terminated even when there is a possibility that errors could
) be corrected if the next decoding is performed. That is, it
is undesirable to decrease the reliability of data after the
error correction is terminated, to reduce the power
consumption.
The present invention is made to solve the above-mentioned
problems. An object of the present invention is to provide a
data error correction device which enables to reduce the number

of times of the iteration with ensuring the same reliability

of the data as that in the case where the iterative decoding



13 calculates the error location and an error nuneric value of the code A
fromthe syndrone cal cul ati on neans 11 on the basis of the syndrone

cal cul ated by the syndrome cal cul ati on neans 17 11, and outputs these
values to the outside as well as outputs the values cal culated by the error
| ocati on/ numeric val ue cal cul ation nedds 13 to the uncorrectability
detection neans 14 . Then, the uncorrectability detection neans 14 detects
t he presence or absence of uncorrectable codewords in the present decoding
(Al decoding) fromthe values calculated by the error |ocation/nuneric

val ue cal cul ation neans 13, and outputs the detection result. Then, the

det ect i off r EBE| Predegesq ingsh marsimuk iwmser hef dbimesi a8 pesdormed ,t he
uncorrectability detection neans 14, and contains the result. On the other
hand, theheyely oredueing ddiepower aeasump? idat éottthe leatrarheosyeditdons from
t he syndrone cal cul ati on means 11 are zero, i.e., whether or not syndrones
of all (pxrees#ingrmeasse in the present decoding (Al decoding ) , and
outputs the detection result. Then, the correction term nation judgenent
means 16 receives the detection result fromthe syndrone zero detection
means 12 . However, there is no output fromthe detection result hol ding

means 1PiscldsupeesEnthdedadiengiohl decoding). Therefore, the judgenent
means 16 outputs the result that the iterative decoding is not term nated

even when SYN(Ad9rd@ifgl vaysheNsxédpnt iﬂvbhtaoﬁaqghaihp13heiﬁoataataneans
17, because these is a possibility that an error is added to a -18
codewor ceriroyt heorreet fonedaviicegwhich Eorfrctil &OFEMOT Onaddta by
ff) subﬁ;cting error-correcting codes which are multiply added to
the data, to iterative decoding up to a predetermined number
of times, error correction processing is terminated when it is
judged that the data have no error even when the number of times
of the decoding is less than the predetermined number of times.
According to the present invention (Claim 1), when the
errors in the data are corrected by subjecting the error-
cbrrecting codes which are multiply added to the data, to the
iterative decoding of the predetermined number of times, the
;w) iterative decoding is terminated to terminated the error
correction processing when it is judged that the data have no
error even when the number of the decoding is less than the
predetermined number of times. Therefore, the number of times
of the decoding can be reduced with ensuring the reliability
of the data.
According to the present invention (Claim 2), the data

error correction device of Claim 1 comprises: uncorrectability

detection means for detecting presence or absence of



the error cannot be detected in this case. Then, the error correction
processing in the Al decoding is ternmnated. ( Step S2 ) Next, the control
means 17 receives the result fromthe correction term nati on neans 16, and
controls the syndrone cal cul ation neans 11 and the like to execute the Bl
decodi ng. To be specific, the syndron%ztalculation means 11 cal cul ates a
syndrone of the code B which is added to the input data, and outputs the
syndronme to the syndrome zero detection neans 12 and the error

| ocation/ nuneric val ue cal cul ati on neans 13. Then, the error

| ocation/nuneric value cal cul ation neans 13 calculates an error |ocation
and an SNCOTLRGHEIREe FoHgwosds: kR acpresent daaadingy detess ion reswlt on
means 11 on the basis of the syndrome cal cul ated by the syndrome

cal cul abPddinsheans certaiRpngsat Kessliabdesheo detechian dy thewel | as
out puts the values cal culated by the error |ocation/nuneric val ue

cal cul atlnerrFreatabid ity tdetemtbeneveabs) i cpraespondimgrdansiechdifien, t he
uncorrectability detection neans 14 detects the presence or absence of
uncor r eémmpdd atedavpresddenthd prideepresent decoding; syndrome zero

detection means for detecting that syndromes of all codewords
in the present decoding are zero; and correction termination
judgement means for ﬁudging termination of the correction
i%) | proé;ssing when no uncorrectable codeword is detected in the
decoding immediately precedent to the present decoding and the
syndromes of all the codewords in the present decoding are zero.
According to the present invention (Claim 2), in the data
error correction device of Claim 1, the correction termination
judgement means judges that the data have no error and judges
the termination of the correction processing when no
uncorrectable codeword is detected in the decoding immediately
precedent to the present decoding and the syndromes of all
j;) codewords, which are detected by the syndrome zero detection
means, are zero in the present decoding. Therefore, the number
of times of the iterative decoding can be reduced with ensuring
the reliability of the data as in the case where the iterative
decoding of the predetermined maximum number of times is
performed.
According to the present invention (Claim 3), the data
error correction device of Claim 1 or 2 further comprises:

control means for stopping a clock signal which is supplied to




decoding ( Bl decoding ) fromthe val ues cal cul ated by the error
| ocati on/ nuneric value cal cul ation neans 13, and outputs the -19
detection result. Then, the detection result hol ding nmeans 15 receives the
detection result of the uncorrectability detection nmeans 14, contains the
result, and outputs the detection rest¥t whi ch has been cont ai ned,
corresponding to the i medi ately precedi ng decoding, to the correction
term nation judgenent neans 16. On the other hand, the syndrone zero
detection neans 12 detects that the syndromes fromthe syndrone cal cul ation
means 11 are_zero, i.e., whether or. ngt the syndromes of all codewords in
the predéift dakd eRECY B2OHEEEHILAY) deVd Clar AULHNE AutRRE L0 RREBRY eERPON
result. (Step S3) Then, the correction termnation judgement neans 16
recei veLRIAX RARLEGHiOR LXPCeFs bAUL he BorMiBatedewbenetbet NBAPREARE 12 (
SYN ( Bl ) ) and the detection result fromthe detection result hol ding
means 13 imeMCoAlrhe dedoflitigedstirss dthamshieopretetieanimadepumberpefcessi ng
(iterative decoding). The condition for termnating the iterative decodi ng
i s that timesycdriklttdie dtexknive decodirgt £orimexhedataei$ astaytedecedi ng
decodi ng and the syndrones of all the codewords are zero in the present
decodi ng. To Amcopdingitng thiecprebeptlin@enhdoSYNEBAin-D), iin thej datad t hat
the all errors are corrected, and thereby the judgenent result that the
i teratiermacodrrgdticdmndeyicer of el aihilsoru? puthe clidlok sdgnadl whikahs 17.
-That is, even if the iterative decoding is not term nated and the next A2
decodi nd.si Suppcigddto sthe ed S| 8trprOcorirectdorecdewice ifOstdpped dat a
_was not perfornmed in the Bl decoding, and no uncorrectable codeword is

; det ect edurinda nEetidk® alfrerli the Erpoe therdattdar erudessimgeilsi n t he H1L
decodi ng, SYN(A2) is always 0 and thus the correction of the data is not
per f or mtérmirtdd whenDhe imunbemps Oimeswfthef desod brgdiecheissgthan
repeated thereafter. Accordingly, the reliability of data in the case where
the errehecpredetiehined fufbestef twimdde thllldehedi bgraviveidécodinge case
where the iterative decoding of the maxi mum nunber of tinmes is perforned
are equior @hd hfeat dcdiitly YestNEel .AlTherdfokeSYNhe igoker =1, the
error correction processing In the Bl decoding is term nated and the

j udgenerbnsemptidmal the dwid eArdiceotiredtiivn prboeepeine dedice camput to
the control means 17. Then, when the judgenent result fromthe correction
t er m nabeoFurtd@@nardduegeds | 6 indicates that the correction is to be
term nated, the control neans 17 controls the syndrone cal cul ati on neans 31
and the like to execute the iterative decoding for data which are to be
subjected to the error correction processing next, wthout interruption. On
the ot hgkikE¥nhesdiciptivh nexttRecpdawgnygs to be perfornmed, the control
means 17 control the syndrone cal cul ation neans and the |like to execute
zt EPZ_ S4 and pFSquife 1hd sAA BARK ddadriaft iRt 2t B Sdfudéber8lof

~decodi ng.

e a data error correction device according to an embodiment of

the present invention.

Figure 2 is a flowchart showing an example of procedures
of iterative decoding in the data error correction device
according to the embodiment of the present invention.

Figure 3 is a block diagram illustrating a structure of
a prior art data error correction device.

Figure 4 is a flowchart showing an example of procedures

of iterative decoding in the prior art data error correction



To be specific, when the A2 decoding (steps S4 and S5) is executed, like
the Hl decoding (steps S2 and S3), the A2 -21 decoding is executed by the
syndronme cal cul ation neans 11, the error |ocation/nuneric value cal cul ation
nmeans 13, the uncorrectability detection nmeans 14, the detection result
hol di ng nmeans 15, the syndrone zero dd#ecti on neans 12 and the correction
term nation judgenent neans 16, and the termination of the correction
processing (iterative decoding) is judged. That is, when UNC(B1)=0 and
SYN(A2)=0, it is judged that all errors are corrected and then the
iterative decoding is term nated. When UNC(B1)=1 or SYN(A2)=1, the next B2
decodi ngd¢eiger f orned. Then, al so when the H2 decoding (steps S6 and S7) is
to be executed, like the A2 decoding (steps S4 and S5), the B2 decoding is
execut ed by thigeyeads os afllowctiamn shewind bn examplreoofl pratedntresneri c
val ue cal cul ati on nmeans 13, the uncorrectability detection neans 14 and the
syndr one eirtte et £ve i decodang ifi. thlewpréor asrtcdatheeB2odecodregtient he

| ast decoding, the detection result holding neans 15 receives the detection
result afewimeuncorrectability detection neans 14, and outputs the
detection result to the correction termnation judgenent neans 16. In
addition, the correction term nation judgenent neans 16 al so receives the
detection result fromthe syndrone zero detection- nmeans 12 . However

since tiped? Medodfog Cartpengasutdesedingredtionlet ection result is
abandoned and the judgenent -22 neans 16 nakes the judgenent on the basis

of only the dpdesin@ptéeslan e_(n\m:tﬂéfatfdﬂmﬁé'l%x@%@ﬁi i aveneSent wheldi ng
ans 15. \Wen UNC(B2)=0, it is judged that all errors are corrected. Wen

“ ONC( H2) v ddsdsibed el d8€aglr @ithO reeF diGid aid aPl gurdden, ahdeziterative
decoding is termnated (S7). Here, the control neans 17 stops the

correction prixasse D id) 4 Nl Sek ad BigLAMCPII @St 28idgVhCELteELigeaoper i od
fromthe termnation of the iterative decoding to thé start of the

iteratiyegdeaodirrarf brireetion dédtide WoicordihdeRekAecembydiRentedect i on
of the nunmber of tinmes of the iterative decoding. Therefore, a clock signal

( see i Rnld Present IM¥ERcisnsupplied to the data error correction device
can be stopped. Accordingly, the power consunption can be further reduced.

As described mbewe rWaeRd, haudrira1e1M10aenete8Ch HPndBYmECcALERLAE N8Nt O this
enbodi nent of the present invention is to correct” errors in data by

subj ect meAnshE Y ICHIOPIAE€EAGNE §9HATOMY ©F anpuliddtd Y afsRG-d0 ihe data,
to the iterative decodi ng of "predeterm ned nunber of times, this device

term nahenoithd id Wyidyendesedbndetectaol Htlas oL AP eCOIRGCERRD
processing when it is judged that the data have no error even when the

(TS St I Kecibans L Iphide: adstsay sed surds, o
reducednwimeaQN$9rdéWot 88 difleirddy 1b¥alfiod7h@meric value calculation

:-) means for calculating an error location and an error numeric
value on the basis of the syndrome calculated by the syndrome
calculation means 11. Numeral 14 denotes an uncorrectability
detection means for detecting the presence or absence of
uncorrectable codewords in the present decoding. Numeral 15
denotes a detection result holding means which contains the
detection result corresponding to the immediately preceding

decoding in the uncorrectability detection means 14. Numeral

16 denotes a correction termination judgement means for judging




I n addition, the judgenent that the data have no error is nmade in the
follow ng way. That is, when no uncorrectable -23 codeword is detected by
the uncorrectability detection nmeans in the decoding i nmediately precedent
to.the present decoding and the syndronmes of all codewords, which are
detected by the syndrone zero detecti~d®-neans in the present decoding, are
zero, the correction term nation judgenent neans judges the term nation of
the correction processing. Therefore, the nunber of tines of the iterative
decodi ng can be reduced with ensuring the reliability of data as in the
case where the iterative decoding of the predeterm ned maxi num nunber of

ti mes i stiperterminatkont bdr thehecaotradt Wnyrprooessings Npperal 16 the data
error correction device is stopped during a period after the error
correctidenpteseascantirelt evedinsatfexy ot xdikl teg othegsywdromen r epeat ed

| ess than the predeterm ned nunber of tines, till the iterative decoding
for the ¢ekdullat boh medrs t1dd. thkees pidreme tzerpdetectionumpansri2 nthee dat a
error correction device can be further reduced. Industrial Availability As

descri beebor el ot beioay aumerdc @l idgiculeat ten aneansli by, t ohehe present
I nvention can reduce the nunber of times of the iterative decoding with

ensuri nthid®rrettability aetéaitdors naansel rasghehdetedbtont eeshile
decodi ng of the predeterm ned maxi num nunber of times is perforned.

Furt her ,nd1®isgPRéandf 16he aglothesicrtestibd et skmipeelion juggemedtduring
-24 which the error correction nmeans is stopped, which period is generated

by the neshied i p§. ofrd headitDen, Ohumneal Qb demotled A iderdlanfbing.

{Therefore, the power consunption in the error correction processing nmeans

{chn be resiuessk ion-a6vEbAl MRich comprises the syndrome calculation
means 11, the syndrome zero detection means 12, the error
location/numeric value calculation means 13, the correction
detection means 14, the detection result holding means 15, the
correction termination judgement means 16, and the control
means 17.

Here, error-correcting codes (code A and code B) are added
doubly to the data which are input to the data error correcti'on
device 20.

“) Figure 2 is a flowchart showing an example of procedures

of the iterative decoding of a predetermined number of times

in the data error correction device shown in figure'1l.

In the figure, the error-correcting codes which are added
doubly to the data are the code A and code B. Al decoding, Bl
decoding, A2 decoding and B2 decoding show the first decoding
for the code A, the first decoding for the code B, the second
decoding for the code A and the second decoding for the code

B, respectively. That is, figure 2 shows the error correction




1. A data error correction device which corrects errors in data by
subjecting error-correcting codes which are nultiply added to the data, to
iterative decoding up to a predeternined nunber of tines, said data error
correction device termnating the error correction processing when it
judges that the data have no error evkf-when the nunber of tines of the
decoding is less than the predeterm ned nunber of times. 2. The data error
correction device of Claiml1 conprising: uncorrectability detection nmeans
for detecting presence or absence of uncorrectable codewords in a present
decodi ng; detection result holding neans containing a result of the

det ect i PFOARESHAU dbrykehbthet godet Acandn codend, ad® radRrrAtRILY o
decodi ng i nmedi atel y precedent to the present decoding; syndrone zero

det ect | Sibdegted 0 ddecdttienptine dserdinmgstwiced Irespeebivelyn tIe
present decoding are zero; and correction termnation judgenent neans for
judgingaddmﬁhqnﬁ(NNQﬁAk}ﬂﬂ(ﬁhmwStthatpnocanebmgewmemlmoaudnwanﬂnr&ﬂe
codeword is detected in the decoding i nmediately precedent to the present
decodi ndeted teke iay tleokdsdetodihgt.hewherdeUNC(R 1) nishwopresehiedecadi ng are
zero. -26 3. The data error correction device of Claiml or 2 further
conpri sisgt, derdhows dmtsthernumtanpecgabl elcadewd ik détedted. surdied to
the data error correction device, during a period after the error

correct samepthdiegsi egni bet satidnaifed hehomc (B )uuiney(A¥) EAnEuNd (Be
decoding is | ess than the predeterm ned nunber of tinmes, till the iterative
decodi ngnf addieibndaBINi(A19E=a shdws AhatASyndriimey ANGIA AodewdrsA;
CSALCCAA G LAS(LA L A(LAQA; LA L AL AQ L. AF Ar A A(. AN. A9(0. A, ;. A9((_79- cg

| ; 1=7] dkeV¥ero in the Al decoding. When SYN(Al) is not 0, i.e., it

is 1, it shows that the syndromes of not all the codewords are
zero.

Next, the operation of the error correction processing
in the so-constructed data error correction device according
to this embodiment is described with reference to figures 1 and
2.

(Step S1) Initially, the syndromé calculation means 11

receives from outside data to which the error-correcting codes,

-

i.e., code A and code B are doubly added as described above,
calculates a syndrome of the code A which is added to the input
data, and outputs the syndrome to the syndrome zero detection
means 12 and the error location/numeric value calculation means
13.

Then, the error location/numeric value calculation means
13 calculates the error location and an error numeric value of
the code A from the syndrome calculation means 11 on the basis

of the syndrome calculated by the syndrome calculation means
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Then, the detection result holding means 15 receives the
detection result of the uncorrectability detection means 14,
and contains the result.
On the other hand, the syndrome zero detection means 12
detects that the syndromes from the syndrome calculation means
11 are zero, i.e., whether or not syndromes of all codewords
are zero in the present decoding (Al decoding), and outputs the
) detection result.

Then, the correction termination judgement means 16
receives the detection result from the syndrome zero detection
means 12. However, there is no output from the detection result
holding means 15 in the present decoding (Al decoding).
Therefore, the judgement means 16 outputs the result that the
iterative decoding is not terminated even when SYN(Al)=0

(always UNC(Al)=0 in this case), to the control means 17,

because these is a possibility that an error is added to a
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codeword in the code A resulting in a different codeword and
the error cannot be detected in this case.

Then, the error correction processing in the Al decoding
is terminated.

(Step S2) Next, the control means 17 receives the result
from the correction termination means 16, and controls the
syndrome calculation méans 11 and the like to execute the Bl

) decéc—ling. |

To be specific, the syndrome calculation means 11
calculates a s.yndrome of the code B which is added to the‘ input
data, and outputs the syndrome to the syndrome zero detection
means 12 and the error location/numeric value calculation means
13.

Then, the error location/numeric value calculation means
13 calculates an error location and an error numeric value of
the code B from the syndrome calculation means 11 on the basis
) of the syndrome calculated by the syndrome calculation means
11, and outputs these values to the outside, as well as outputs
the values calculated by the error location/numeric value
calculation means 1-.3 to the uncorrectability detection means
14.

Then, the uncorrectability detection means 14 detects the
presence or absence of uncorrectable codewords in the present

decoding (Bl decoding) from the values calculated by the error

location/numeric value calculation means 13, and outputs the
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detection result.

Then, the detection result holding means 15 receives the
detection result of the uncorrectability detection means 14,
contains the result, and outputs the detection result which has
been cohtained, corresponding to the immediately precéding
decoding, to the correction termination judgement means 16.

On the other hand,‘the syndrome zero detection means 12

j deté;ts that the syndromes from the syndrome calculation means
11 are zero, i.e., whether or not the syndromes of all codewords
in the present decoding (Bl decoding) are zero, and outputs the
detection result.

(Step S3) Then, the correction termination judgement
means 16 receives the detection result from the syndrome zero
detection means 12 (SYN(B1l)) and the detection result from the
detection result holding means 15 (UNC(Al)), and judges the
termination of the correction processing (iterative decoding).

i~) The condition for terminating the iterative decoding is that
no uncorrectable codeword is detected in the immediately
preceding decoding and the syndromes of all the codewords are
zero in the present decbding. To be specific, when UNC(Al)=0
and SYN(B1)=0, it is judged that the all errors are corrected,
and thereby the judgement result that the iterative decoding
is to be terminated is output to the control means 17. That

is, even if the iterative decoding is not terminated and the

next A2 decoding is executed, since SYN(B1)=0, the correction
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Since the data are not changed in the Bl decoding, SYN(A2) is
always 0 and thus the correction of the data is not performed.
Therefdre, SYN is always 0 however often the decdding is
repeated thereafter. Accordingly, the reliability of data in
the case where the error correction is terminated at the Bl
v) decéding and that in the case where the iterative decoding of
the maximum number of times is performed are equal.

On the other hand, when UNC(Al)=1 or SYN(B1)=1, the error
correction processing in the Bl decoding is terminated and the
judgement result that the next A2 decoding is to be performed
is output to the control means 17.

Then, when the judgement result from the correction
termination judgement means 16 indicates that the correction
is to be terminated, the control means 17 controls the syndrome

*w) calculation means 31 and the like to execute the iterative
decoding for data which are to be subjected to the error
correction processing next, without interruption. On the
other hand, when the next decoding is to be performed, the
control means 17 control the syndrome calculation means and the
like to execute steps S4 and S5 of the A2 decoding, like steps
S2 and S3 of the Bl decoding.

To be specific, when the A2 decoding (steps S4 and S5)

is executed, like the Bl decoding (steps S2 and S3), the A2
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decoding is executed by the syndrome calculation means 11, the
error location/numeric value calculation means 13, the
uncorrectability detection means 14, the detection result
holding means 15, the syndrome zero detection means 12 and the
correction termination judgement means 16, and the termination
of the correction processing (iterative decoding) is judged.
That is, when UNC(B1)=0 and SYN(A2)=0, it is jﬁdged that all
errogs are corrected and then the iterative decoding is
terminated. When UNC(B1l)=1 or SYN(A2)=1, the next B2 decoding
is performed.

Then, also when the B2 decoding (steps S6 and S7) is to
be executed, like the A2 decoding (steps S4 and S5), the B2
decoding is executed by the syndrome calculation means 11, the
error location/numeric value calculation means 13, the
uncorrectability detection means 14 and the syndrome zero
detection means 12.

However, since the B2 decoding is the last decoding, the
detection result holding means 15 receives the detection result
of the uncorrectability detection means 14, and outputs the
detection result to the correction termination judgement means
16.

In addition, the correction termination judgement means

16 also receives the detection result from the syndrome zero

detection means 12. However, since the B2 decoding is the last

decoding, the detection result is abandoned and the judgement
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result (UNC(B2)) from the detection result holding means 15.
When UNC(B2)=0, it is judged that all errors are corrected.
When UNC(B2)=1, it is judged the error to be uncorrectable.
Then, the iterative decodihg is terminated.(s7). |
Here, the control means 17 stops the correction processing
in the data error correctioﬁ device during a period froﬁ the
terﬁination of the iterative decoding to the start of the
iterative decoding for the next data, which is‘generated by the
reduction of the number of times of the iterative decoding.
Therefore, a clock signal (see in figure 1) which is supplied
to the data error correction device can be stopped.
Accordingly, the power consumption can be further reduced.
As described above, when the data error correction device
according to this embodiment of the present invention is to
correct errors in data by subjecting the error-correcting codes
which are multiply added to the data, to the iterative decoding
of predetermined number of times, this device terminates the
iterative decoding to terminate the error correction processing
when it is judged that the data have no error even when the number
of times of the decoding is less than the predetermined number
of times. Therefore, the number of times of the iterative
decoding can be reduced with ensuring the reliability of data.
In addition, the judgement that the data have no error

is made in the following way. That is, when no uncorrectable
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codeword is detected by the uncorrectability detection means
in the decoding immediately precedent to the present decoding
and the syndromes of all codewords, which are detected by the
syndrome zero detection means in the present decoding, are zero,
the correction termination judgement means judges the
termination of the correction processing. Therefore, the
number of times of the iterative decoding can be reduced with
ensﬁ;ing the reliability of data as in the case where the
iterative decoding of the predetermined maximum number of times
is performed.

Further, the clock signal which is supplied to the data
error correction device is stopped during a period after the
error correction processing is terminated when the decoding has
been repeated less than the predetermined number of times, till
theiterativedecodingforthenextdataisetarted. Therefore,
the power consumption in the data error correction device can

be further reduced.

Industrial Availability

As describe above, the data error correction device
according to the present invention can reduce the number of
times of the iterative decoding with ensuring the reliability
of data as in the case where the iterative decoding of the
predetermined maximum number of times is performed. Further,

the supply of the clock signal can be stopped in a period during
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generated by the reduction of the number of times of the

iterative decoding. Therefore, the power consumption in the

error correction processing means can be reduced.
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CLAIMS

1. A data error correction device which corrects errors in
data by subjecting error-correcting codes which are multiply
added to the data, to iterative decoding up to a predetermined

number of times,

said data error correction device terminating the error
"ﬂ) correction processing when it judges that the data have no erroxr
even when the number of times of the decoding is less than the

predetermined number of times.

2. The data error correction device of Claim 1 comprising:

uncorrectability detection means for detecting preéence
or absence of uncorrectable codewords in a present decoding;

detection result holding means containing a result of the
detection by the uncorrectability detection means,

) corresponding to decoding immediately precedent to the present

decoding;

syndrome zero detection means for detecting that syndromes
of all codewords in the present decoding are zero; and

. correction termination judgement means for judging

termination of the correction processing when no uncorrectable
codeword is detected in the decoding immediately precedent to
the present decoding and the syndromes of all the codewords in

the present decoding are zero.
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comprising:

control means for stopping a clock signal which is supplied
to the data error correction device, during a period after the
error correction processing is terminated when the number of
times of the décoding is less than the predetermined number of

) timés, till the iterative decoding for next data is started.




