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1 Method For Error Correction of Program Rel ated Data
Prior Art 5 For data transm ssion, the DAB (Digital
Audi o Broadcasting) Standard, for exanple, specifies
a process for transmttiilg data in groups of variable
length wthin an MPEG frame, said groups being
associ ated with audi o prograns based on their
Methoddtott Emor. CatrestioreofeProgiramrRelated Bata pr ogr am associ at ed
data (PAD)". The additional data, in particular those
of variable lengths, are referred to as "X- 10 PAD' (X
Prior At Or extended). This process does not provide any
net hod for error detection to detect incorrectly
transmtted data. For sone uses, these data are
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has descri bed a process for packet data error
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data. The error protection in DAB is achieved by means of a convolution code.
The objective of this code was to achieve a bit error rate of 104(-4).

DE 10 2004 014 594.6 has described a process for packet data emor
correction in which redundancy information for error correction is added while

maintaining the original packet data structure.

With the DVB-T method, a concatenated code is used, which is comprised
of a convolution code and a block code. This makes it possible to achieve very

low bit error rates on the order of 104(-8).
Advantages of the Invention
With the steps taken in claim 1 — in which code words are used over

several frames, redundancy informaﬁon for error correction is added while
maintaining the original data structure and in fact, for program-associated data of
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Wth the steps taken in claim1 - in which code words
are used over several franes, redundancy information
for error correction is added while 30 naintaining the
original data structure @nd in fact, for

program associ ated data of 2 variable |engths, the
informati on regarding the length of the

variablePlePgiRIes ifeingdtioth regarding shelidigth ofithd programeassedisted
_nmeans of a code - it is possi Ie_%p corr c_tt errorafc,
data is aRekigelly piofeasd AYIESaREALA FoAB -t AEPTIEQ EPTEE! ALY
: K ' i .
w9155 oD APAR R, skapbaNEro st

Fecogn can be processed
the dat5, Wowdver, a@veeoghizedlasaralidrDABRAD idata apdivan eomocessed
H gh-qual ity receivers nt r.ol error
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control Weﬁﬁk@od'ré’é‘tﬁnp%efﬂlﬁi ALRVGP ing% el praksbrit itWerfiehi el make
correct data files nore oftén and nore quickly. 10 If
use of theendvel metised and tugsdeliveg correct datgtfile® mara @ften and more
. program associ ated data (X- PAD fields) is
quicklyaddit i onal | y protected fromtransm ssion errors, then
it is not possible for the new structure to
conpl etely break down in the event of incorrect

If theyinformationaregarding therlesgth ebihe programtassaciated data(X-

n.the know edge.that .although.th ' : i's
PAD is)is SrEfBoy Binteqet S Jhuceih 8rbrs 36Tt I3 7S,
possiblé fér et sFGEtare &f corpplsif brésic acwatie thelavent étiheorrect
advant ageous enbodi nents are disclosed in the
length indisatatent clains. 20 Drawings Exenplary enbodi nents
of the present invention will be explained in

The present invention is based on the knowledge that although the bit
ervor rate is sufficiently low for audio data, it is too high for the transmission of
program-associated data.

Other advantageous embodiments are disclosed in the dependent claims.
Drawings

Exemplary embodiments of the present invention will be explained in

greater detail below in conjunction with the drawings.

Fig. 1 shows a contiguous data stream of audio data and program-
associated data,

Fig.2  shows an FEC-PAD structure,

Fig. 3 shows an FEC-PAD structure with 192 rows and 12 columns,
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greater detail below in conjunction with the draw ngs.
25 Fig. 1 shows a contiguous data stream of audi o data
and program associated data, Fig. 2 shows an FEC PAD
structure, Fig. 3 shows & FEC-PAD structure with 192
rows and 12 colums, 3 Fig. 4 shows an FEC- PAD

. structure with protection of the length of the

Fig. 4 pr @@pmansEEa-laA@csthe withypradectionef thadergthuafitbee of

ontent e atQr field, Fig. 6 shows the
%ﬁ%ﬁsﬁqc'%ﬁg({agﬂ’gth i nformation of the program 5

Fig. 5 aS%h@WSttﬁé s&ﬁbﬁsre BHhe dorsBAvmditatortdi€ld,gr oupi ng for the
8 shows the F-PAD structure

. data fromFig. 6, &er

Fig. 8 i showgdhe mdswgpthrmgf lsngthdnfasmation of the grograghows
th ta structure. 10 Description of the
Ex%r?%?‘%%@éaé%%%dl nments Before the actual invention is

Fig. 7 deShDWBeaZB uurgrwplagtfousm‘ematalfmn\mg f6,error correction
Fi be denonstrated for_ the sake of better
i9-8 comppERdhe; oRADsiTugtye with addionalfPABrereqricortestien.
Fig. 9 St¥ ¢ whi ch program associ ated
J datsgswé o BlofiftiAta SLELEE TN oL B o a5 o1
vari abl e | engt hs have been assigned. These X- PAD

.subfields. 2 are f 0 a 4-byte field, which is
Descnq%ﬁntqﬁh ?56 %L‘P‘ﬁg"@%yte fields. The 4-byte
fieldis filled with 1-byte content indicators C and

an END nmarker to termnate the C |ist. Depending on
Befere the actual invention is described, prior art structures with error

correction will be demonstrated for the sake of better comprehension.

Fig. 1 shows & prior art frame structure of audio data to which program-
associated data fields in the form of X-PAD subfields 2 of variable lengths have
been assigned. These X-PAD subfields 2 are followed by a 4-byte field, which is
in turn followed by two 2-byte fields. The 4-byte field is filled with 1-byte content
indicators Cl and an END marker to terminate the Cl list. Depending on the
length and/or number of X-PAD subfields, zero to four Cl indicators are provided.
The Cl indicator describes what the X-PAD subfield contains. If X-PAD subfields
2 are present, then this is indicated by a "10” in the F-PAD field. If there are no
X-PAD subfields, then the indication “00" appears in the F-PAD field (F = fixed).
UEP (unequal error protection) means better protsction.

The constraints of the method are as follows:
— the bit error rate should be less than 10*(-8) if the entire audio channel has a
BER of 107(-4),
— existing services should not be influenced, including simple ones such as
"dynamic label” (level 2 backward compatibility),
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20 length and/ or nunber of X-PAD subfields, zero to
four C indicators are provided. The C indicator
descri bes what the X-PAD subfield contains. If X-PAD
subfi elds 2 are present, 4 hen this is indicated by a
"10" in the F-PAD field. If there are no X-PAD
subfields, then the indication "00" appears in the
— X-FAgppiications(with-vaniabde JengthiEphouiddrestipperte,

- sudi 1A Ol M BB AR5 G F ot ond ot

FEErframe (PEE S howhed B&of%ﬁeét%lOA('S) if the entire
audi o channel has a BER of (-4), - existing
serV|ces shoul d not be influenced, including sinple

o2 SHps o FEG PRESRGE il 6L EE A S,
corredtlen@rtmgeﬂdnl M@ dodurang muhtfs@g Iengﬂthﬁd The ggﬁ%fﬁg b@%m@;
witin YR8 PR I the ESeSBROL s s Bebos i bakitns n mopter
is pro\ﬁdiéd fcﬁr aéé?ﬂ%aﬁ&? of framriealh $hd F%qu‘eldwrf Erd%g t% giraﬁﬂﬁ%g

for error correction arranged

ascertwftﬂ?efpo,sﬁ@rﬂafrtgeh:sdemsj gnaling occurs within the
F-PAD field (byte L indicator/L-byte data field). In
addition, a counter is provided for identification of

TGS Shows MEFECTRD $tRlciure/in Y i Witk o2 Yohfints apd 12
rows. {hdyvelevantiata Propratectetu Raddingzemiesi arewidt rahSthitted.

oo mEh G 8 o5y Faed i e o e o new -
PAD-FEC data. All other data with PAD are not influenced. Consequently, all X-
PAD applications are available and can be used for conventional receivers. A
robust synchronization and signaling of the FEC data is provided in the F-PAD
field. The data are arranged in an application date table in the same way as in
the packet mode method. The same frame structure and encoding are used in
order to limit receiver complexity. The FEC frame can be terminated at any time
in order to support interruption of the X-PAD transmission. But there is one main
problem: only a single bit error in the léngth indicators (Cl indicators) of the X-
PAD subfields can corrupt the entire FEC frame, despite the higher degree of
protection afforded by UEP.

In order to prevent this, according to the present invention, the information
rega_rding the length of the program-associated data (Cl indicators) is protected
by means of an additional code.
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The matrix contains additional parity data that are
inserted in the formof new X- PAD FEC data. All other
data with PAD are not influenced. Consequently, all X
15 PAD applications are avai | abl e and can be used for
conventional receivers. A robust synchronization and
sirgnal ing of the FEC data is provided in the F-PAD

f TBe demsf laagth infosmatien (Ghindicaters), aiith ese cidleddn Eig. 4,

i i h k d hqd.
are sl Bn dh elarcRATeAIEH 4. &1 el abi foi FarEiab bl ot
infornuatider (attotal ofril 2 bite); evhieh arPpRIiteotel accdhiind BFiy. 8 can

be term nated at any tinme 20 in order to support
interruption of the X-PAD transm ssion. But there is

T 8 BB iy S B e A Lt

A simplgthlpek cede 618, d@) isiplytabie tn¢drrect B ThRESs inm‘m&iéngt
UEP. 25

t hi gh d f tecti fforded b
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which is galeyleéet by naansrof thé Galoiadield 2o nHhis guens that Te3-bit
which are

et e ol T 0L o BB e

2 v H - i a
Parily Sy ol e ehoatied Ly WiedHEuan RS gk by Mstis b the Galgfs

field (?ab. cOnRE$ (.14 aedg.is aot possibleh ButandRSE7(16) eode tan beaused,

; [ ' 0, he F-PAD. byt e jeld., A
which ERRTHARAIRY AR Iublekeffongts helel s ShEsrteciampe
used tbicorretha Syirbol (B8t Fo@PS so M thé cilé & RibusPUAR regard to

erates an error burst. It is nore advantageous™to
burst de the length information by neans of a
Reed- Sol onon code (RS code), which is calcul ated by
means of the Galois field 29. This neans that the

Figni®t shows the groupings of the Cl data. AnRS (7, 5, 3) code is
provided. The first symbol is set equal to 0 and is not transmitted. This is
followed by 4 information symbols and 2 parity symbols. It is advantageous to
correct all 4-bit groups, regardiess of whether or not they contain length

information.

Fig. 8 shows the identification/signaling in the F-PAD field, with redefined
L-byte indicators, e.g. for protected Cl data:
byte L ind = ‘b 1111,
e.g. for FEC frames:
byte L ind = ‘b 1010




10 length information is grouped into four information
synbol s, which, together with 2 parity synbols, are
encoded by neans of an RS code by neans of the Galois
field (23). An RS (6, 4) dbde is not possible. But an
RS (7, 5) code can be used, which is shortened (by
one) to the packet |ength being used. This code can be
uEBHFEE framesca caustenids previded fdr synohpnizationhiatthe hebyte

e G g A B o
PAD bitglare inseté@iHt6 @k LIByee atbhelgynol is set equal to O

and is not transmtted. This is followed by 4
i nformati on synbols and 2 parity synbols. It is

va t rrect. all 4-bit groups,
?ﬁga?ﬁﬁgggqﬁ?‘ﬁﬁé$k%ﬁaéﬁ r'ethey contain |length
Information. Fig. 8 shows the identification/signaling
in the F-PAD field, with redefined L-byte indicators,
e.g. for protected O data: 25 byte L ind = "b 1111,
e.g. for FEC franes: byte Lind ="'b 1010 6 For FEC
frames, a counter Z is provided for synchronization in
the L-byte data field. For data franes, parity bits
that are required for correct detection of PAD bits
are inserted into the L-byte data field. 5 Fig. 9
shows the overall data structure. 7 Wat is clained
i s:
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1. A nethod for error correction of data in franes, in
whi ch code words are wused over several franes,
including the foll ow ng steps: 5 - redundancy
information for error cofrection is added whil e

mai ntaining the original data structure and in fact,
for program associ ated data of variable Iengths, -

What id &18inid g mat i on regarding the | ength of the
program associ ated data is additionally protected by

means of a code. 10 2. The nethod as recited in claim

1 AR e tgn o Rl P Rea dofg yrga are
used ovdraieVeral frhmen) ‘ﬁicﬁlhdﬁnﬁ lige FERWIRGBRIpst nf or mation for

protecting the length information of the X-PAD data
~ redundapsyinéarmationifer erppepirection isiaddedrwhiteumaintaining the

oMy o Sy, b oS g 97 o

lengthrgdundancy information for the length information is
20 identified, 5 The pethod as recited. in (r:d?ai m 4,
— the igjeanation fegardingriberenathial the program-asspdigied Kataispap

addi R ol ol BB ed, 70, Cor rocti an of the

l ength information, a Reed-Sol onobn code is used,
ich is in particular calculated by neans of the
2. fﬁ?m%hw a$ fegied '?.Cla‘l'ﬂb‘f'net hod as recited in clains 1

whereirl BABYRIPAD dAta packets are used as program-associated data.

3. The method as recited in claim 2, _
wherein the redundancy information for protecting the length information of the
X-PAD data is placed in the F-PAD field, in particular in the “L-byte data field".

4, The method as recited in claims 2 through 3,
wherein the existence of redundancy information for the length information is
identified.

5. The method as recited in claim 4,

wherein the identification is provided in the F-PAD field.

6. The method as recited in claims 1 through 5,
wherein for the error correction of the length information, a Reed-Solomon code
is used, which is in particular calculated by means of the Galois field 2,

7. The method as recited in claims 1 through 6,
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wherein for the error correction of the length
information, in particular in the content
indicator/Cl field, all 4-bit groups are corrected,
regardl ess of whether or 8 not they contain |ength
information. 5 8. The nethod as recited in clains i
through 7, wherein for detecting whether a frane

wherem wntaérmrdreﬂmdﬂm wf thef @hgﬂi infdiriiong rrf PérticalRi irefHd on
[or for ascertainingt position of the code word

conteni’ wdméorégk fipld sall é&*ﬁgraua% areagwﬂ@ieﬁgrquéﬁlems iof whedheriar
"°tthe?ﬁ§“#€'?ﬂeod§@hms"ﬁéif*§ inthe F-PAD field. 10 9.

as reci in cIa|m8 wherein for
identification of the frame, a counter is provided,

field, in order to definitely

. g. | he F- PAD
8. fadmattiod apeciigbinGlginst thredghder ds. 15 10. The
whereuﬂ?dﬁﬂ&ie&ﬁ-llj whtthera %% %bgg%] ris n%éry@gggcf énfﬁ@@éﬁé%cfr%rmr

error correctlon,
correctioty and/prfor nasuémlmngrtbetp@ls&ubntaf thaeodackat ih ¢éhgthataised.

11. Th . t ed I th
stream, & coERSPATAING o NUIGRURILBAYOVe e BAME S Ja 8 E-PAD
field. data packet is used, which is attached to the data

packets that contain useful information. 12. The
met hod as recited in clains 1 through 11, wherein the

splssion_q seful data can be interrupted at any
9. ﬁeﬁﬁ‘lq%oipaé?c:{ NGAITSY r edundancy dat a.
wherein for identification of the frame, a counter is provided, e.g. in the F-PAD

field, in order to definitely ascertain the position of code words.

10.  The method as recited in claims 1 through 7,
wherein for error correction, a Reed-Solomon code is used, which is in particular
shortened to the packet length used.

11.  The method as recited in claims 1 through 10,
wherein for the redundancy information, a separate data packet is used, which is
attached to the data packets that contain useful information.

12.  The method as recited in claims 1 through 11,
wherein the transmission of useful data can be interrupted at any time in order to

‘send redundancy data.




