Met hod for correcting errors in packet data Prior art 5 For data
transm ssion in packet form the DAB (Digital Audio Broadcasting) standard,
for exanple, specifies a nmethod for transmtting data in packet node. This
met hod provides for an error recognition nethod for recogni zing data
packets transmtted incorrectly (CRC 10 nethod). Since the individual
packets are conbined to formdata groups and also to formdata files, a
singl e i ncorMethoBli forapmoruecttihg erapssi $si paceet! degga vol unes of dat a.
Error protection for DAB is achieved by neans of a convolution code. The
objective in this 15 context was to achieve a bit error rate of 10A(-4).
However, praE¥iiesl agkperi ence has shown that although the bit error rate is
sufficiently low for audio, it is too high for transmtting data services.
20 In the DVB-T nethod, a concatenated code caonprising convolution code and
bl ock code i EOtis@@raTH @M RE FeryR | BAFbeE &PrBr SeLAR HrEttibved in
t he order of aagbi Bidadefastitg)8)stadbdddvanfageexammptlee igpeenitfiies Wth the
nmeasures in cl ghm 1, vvhegg code.\ggrds ar,e gsed ovegc}z{aegl ura éty fisdata
packet s, r eduMasRe§ | APHr niF PR F5F *88r r 88EFng* Br rBFERFE QWY whit 30
retai ni ng t heebhogdi narophdket fitat aast recror e resypamiiftiical | pedhothef@ost of a
free data figboghioling HaddiBacdate fialdupl: Loef %c@@g@cftug' dcgRd where
the cycle of error protection, "particularly 1ts code word length, is chosen
as a multq pl Bebhod) ni HiAAA sthe fsdiyidyagadiatkeiehgihe &ambrifieantde
corrected w tbowt datRABHRER iia 4 Dso exanpbem deed g 1l hayes ipvd edge
about this nmethod, neverthel ess rec%%i ﬁ: ng the data as val(gi gﬁB &acket
mode data and“BBFHGChbI Bito FRScedd Fhemsi i G Tty ¥ r of3¥9€
recogni ti on meltwds( GRC)datdl gRereguaricteatdeel vEss BABh icordalol evo@r t he
error Co”e%goﬂx E‘@%h%dﬁ bé‘s%%n%lﬁﬁe?oh”"cedﬁé.onrﬁé“ ?A;&:Ui‘bé & hag and thus
del i ver corrett data f11eS more often or Tore qui cRry.

15 context was to achieve a bit error rate of 10%(-4).

However, practical experience has shown that although
the bit error rate is sufficiently low for audio, it is

too high for transmitting data services.

20 In the DVB-T method, a concatenated code comprising
convolution code and block code is used. This allows
very low bit error rates to be achieved in the order of
magnitude of 10"(-8).

25 Advantages of the invention

With the measures in claim 1, where code words are used
over a plurality of data packets, redundancy
information for correcting errors is added while
30 retaining the original packet data structure,
specifically at the cost of a free data field or of a
stuffing data field or useful data field, and where the
cycle of error protection, particularly its code word
length, is chosen as a multiple of a minimum size for a
35 packet length, errors can be corrected without a DAB
receiver, for example, needing to have knowledge about
this method, nevertheless recognizing the data as valid
DAB packet mode data and being able to process them

using an ordinary error recognition method (CRC).



Drawi ngs Exenpl ary enbodi nents of the invention are explained in nore
detail with reference to the drawings, in which, 10 figure 1 shows a
structure for data packets on the basis of the DAB packet node, figure 2
shows the insertion of redundancy information in the padding field of the
packet s, figure 3 shows the arrangenent of packets fromfigure ') 15
in a cohesive data stream figure 4 shows the insertion of redundancy

i nformati on Highex-siuadlieypacketiwetbhouwtittsetuwhtdatla, ofégurded shows t he

arrangement of d Lgdre 4 j.n a.cohesi.ve data stre 20
fi gurg 6 sho%gr%%%?%%\%%ﬂscﬁm@%ﬁgg ?’8? th e ﬁgge §r1°8i St buty ngmbﬁr st
errors. Descmefghiogn a5fd eikeup| diey iverodigmre st 28aFagdrides shmws ¢heen
structure of ,a data Pagkglon the basis of the DAB packet node. The packet
header acconmobdates particulars regarding the packet |length, a continuity
i ndex, fiTrst/last, an address field, a conmmand field and particul ars
regardi ng therdggehyk data 30 Iength. This packet header is followed by the
packet data field containing the useful data (useful data field) and the
field for padding data, e.g. stuffing data. There then follows a 16-bit
field for erEsempeasgnietmbodifeatiketofCROe i3brention are explained in

more detail with reference to the drawings, in which,
10 figure 1 shows a structure for data packets on the
basis of the DAB packet mode,
figure 2 shows the insertion of redundancy information
in the padding field of the packets,
figure 3 shows the arrangement of packets from figure 2
15 in a cohesive data stream,
figure 4 shows the insertion of redundancy information
into a single packet without useful data,
figure 5 shows the arrangement of packet data from
figure 4 in a cohesive data stream,
20 figure 6 shows an improved structure for the packets

for distributing burst errors.
Description of exemplary embodiments

25 Figure 1 shows the structure of a data packet on the
basis of the DAB packet mode. The packet header
accommodates particulars regarding the packet length, a
continuity index, first/last, an address field, a
command field and particulars regarding the useful data

30 length. This packet header is followed by the packet
data field containing the useful data (useful data
field) and the field for padding data, e.g. stuffing
data. There then follows a 16-bit field for error
recognition (packet CRC).

35
Valid lengths for packets are 24, 48, 72 or 96 bytes.
This structure needs to be maintained for the inventive
solution in order to allow conventional receivers to

perform decoding.



Valid | engths for packets are 24, 48, 72 or 96 bytes, This structure needs
to be maintained for the inventive solution in order to all ow conventi onal
receivers to performdecoding. Error correction can be perforned using any
met hod whi ch uses a systematic code. That is to say that the data to be
protected are maintai ned unchanged and gnl-y redundancy information in the
formof additional bytes is additionally added and used for error
correction. An exanple which will be used is a REED Sol onon code RS (255,
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The invention proposes two embodiments for inserting
the redundancy information:
1. Insertion of the redundancy information in the
15 padding field of the packets. A normal packet mode
decoder will rate it as padding and ignore it.
25 Insertion of the redundancy information into a
single packet without additional useful data, so
that the normal packet mode decoder can simply

20 ignore this packet.

Figure 2 shows the structure for the first alternative.
The packet header requires 3 bytes. There then comes a
useful data field of 0 to 74 bytes, followed by a
25 padding field, the SYNC field, the redundancy
information with 16 bytes and 2 bytes for exrror

recognition (CRC).

The SYNC byte is used for recognizing packets which

30 contain redundancy bytes. Alternatively, the command
bit (bit 7) from the packet header can be set in such
packets.

The arrangement of the packets shown in figure 1 in a
35 cohesive data stream is shown in figure 3. In this
example, the code is shortened to the code word length
(192/176). The first wvalue, 192, in this case is the
total code word length of the REED-Solomon code, and
the second wvalue 176, is the length of the useful data



30 contain redundancy bytes. Alternatively, the command bit (bit 7) from

t he packet header can be set in such packets. The arrangenent of the
packets shown in figure 1 in a cohesive data streamis shown in figure 3.
In this exanple, the code is shortened to the code word length (192/17.5).
The first value, 192, in this case is the total code word I ength of the
REED- Sol onon code, and the second value 176, is the length of the useful
data - 4 - to bieeprmiecierkd Theral ealatilen ioh t be r edendoseyndyhes of the

code word dogs, not contain the the curr nt ket th redundancy
bytes, but rat her P%aghﬁofofiﬁewggwdgofss Bk et° a( ng% %‘ Byt es,
The CRC for chereutr @ratc}q%:ck‘&iths rtekiemdaanlogfulkza;tmjsusbng trfaae:rree:dutﬂuiaamoy
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lengths. In this cas the pa eader IS e sync
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protecti on 18°hBed9% 0B | $¥PI €Tof “hRe DR SUNM €72 or 18 pHtk®t
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word | ength c?‘-’slél h%ﬁéfl I Iled%vl}\ﬁet ﬁeﬁml%r?tnc@/er rttgorﬁ)m% OB FFIFEF S
possi bl d0packerosszes. To be able to calculate the CRC for the packet
containing the additional redundancy information, the CRC bytes in the next

respective code word are handled. 25 If the% were to be situated in the
1%

same code word, tRAE ERECEAMERITat itdH WBXIFHE nEPT bélsoSsiTsiTe PEIFRRE ¥a7e
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word lengths of 168, 192, 216 and 240 are also
conceivable, besides others. The chosen code word
length is then filled with an integer combination of
20 the four possible packet sizes.

To be able to calculate the CRC for the packet
containing the additional redundancy information, the
CRC bytes in the next respective code word are handled.

25 If they were to be situated in the same code word, the
CRC calculation would not be possible, since the
redundancy bytes of the RS code would also need to be
calculated with the CRC bytes, but these in turn cannot
be calculated until the RS bytes are definite. Hence,

30 the RS bytes are therefore calculated first and
inserted into the packet. Next, the CRC bytes are
calculated and appended. The fact that they are not in
the same RS code word does not alter the RS bytes.

35 The second alternative for inserting the redundancy

information is shown in figure 4.

A defined address is wused in the packet header to

identify that redundancy bytes are present. A SYNC byte



35 The second alternative for inserting the redundancy information is shown
in figure 4. can also be used for this. in this context, no useful data
can be transported in the packet. In a cohesive data stream the
arrangenment shown e 5 is obtained for this alternative. In this exanple,
the code is shortened to the length (2084 192). The code word is not

cal cul at ed using the packet header PH and the padding P. 10 in this

embodi ment, tdhe Qde ber uska edortpl f echi emivseisttdat a hengsbraust

mat ch that f L t he pa kets .e. the useful data length of the code word
for the addi ﬁalca@r srPc‘:‘trit_‘c?r‘#ﬁI ft C%.ﬁa}:tr ple of the as m nimm
size for a packet Iength |n this case 24 The chosen useful data length is

then fill edw%h?ﬁe%drﬂeédﬁg%nagwl nﬁfé) thlge ;nggn %1’1?' %%We%ﬂsi Zes.

The packet cy I nf orrra I ‘on is ap e hereto ring
decodi ng,5 onifygue Bedenddieyirnzg Byred hdrse atlst@d-’rfartdmet he redundancy packet,
and the rest is discarded conpletely (PHc, P, CRC). A further exenplary
enbodi ment based on the invention. is_shown in figure 6. In thls case, the
sanme REED 250SotoronSHBFREE  cdde RECE955S 2y iened edCasior LBVEBEANd DNB
Video. If requiosgdo2it. iBhshebtenesbhy addimgr zenosubateae ddiergrenection
bytes are cal cu%atte(ljl The ket Z{e ardr?a % inrows. After 188 rows, for
exanpl e, t hePEGGE Worﬁléi ar I"4Ce &35 ¢S dims. This 30 results in

i nprovedi&rror correction perforrrance, si nce bur st errors within the

packet s are dhsthulamhaysie Pl UKe! Ll el fadayrds oTh, R8s eduadancy

bytes (RS bytes in figure 6) are ccomo

structure. THSPéHdceldtR é«%‘r%é]admuﬁhl y“aé:@hoﬁbéﬁedf%clt@te headeets used.
The control bik. I&Hwtu§6§653@ra‘ta anchdtie bul lerpacksse| qalh i atMays used
for the ;eiundaney RXl il 0 S S 30008 Tiat Y DS.L9HIpTaney: PYies 11
15 minimum size for a packet length, in this case 24. The
chosen useful data 1length is then filled with an
integer combination of the four possible packet sizes.
The packet with the redundancy information R 1is
appended thereto. During decoding, only the redundancy
20 bytes are used from the redundancy packet, and the rest

is discarded completely (PHc, P, CRC).

A further exemplary embodiment based on the invention
is shown in figure 6. In this case, the same REED-
25 Solomon mother code RS (255, 239) is used as for DVB
and DMB Video. If required, it is shortened by adding
zeros before the protection bytes are calculated. The
packets are arranged in rows. After 188 rows, for
example, the code words are calculated in columns. This
30 results in improved error correction performance, since
burst errors within the packets are distributed over a

plurality of code words.

The RS redundancy bytes (RS bytes in figure 6) are also
35 accommodated in the DAB packet structure. To reduce the
overhead, only a shortened packet header is used. The
control bit is not necessary, and the full packet
length is always used for the redundancy bytes. Figure
6 shows that the RS redundancy bytes in the first two



cOums are placed at the end of the RS packets. Hence, the data capacity
rel eased in the shortened packet header is replaced by RS redundancy.
bytes. Error protection over the CRC colums are not required. A fully
backwar d- conpati ble (level 2) solution for error correction for DAB packet
node with inplied interleaving can be -aghieved in this way. Patent C ains
1. A nethod for correcting errors in packet data, where code words are
used over a pblumhkt yref pdatads apacket snda nohed /S fddlont mg Bemps,
redundancy ipformation for_ correcti ryors i dd j r iping the
ori gi nal pacE%? ﬁ?%astcratﬁ:%%re’,’ gii)eelc%l%fsleécél Ilél at% ht@ hegggg?éggdaeé%]gé%ata
field or of heafaffi ng daepliiceldd &y ufd ulreftrdarofy elklytes he Byxde of
error protecti i qukar i rd.Le Nyp-abS 4 sen as a

ml £ pl e of B e By e R e e B e od as ol ai med
in claim3, characterized in that the packet data used are DAB data

packets. 3. AThﬁugﬁ?hoﬁaéﬁwﬁféL BBflphbiBhai Mlepe12, 2rhasacterdézededn that

an outer code wor ength is : ; ;
error corgectlon for DAB packet mode with implied

interleaving can be achieved in this way.



20 provided as a nmultiple of 24 bytes or an inner code word length is
provided as a multiple of 24 bytes. 4. The nethod as clained in either of
claims 2 or 3, characterized in that the error recognition information 25
in the data packet containing the redundancy information for correcting
errors is associated with the next respectdive code word. 5. The nethod as
claimed in one of clains 1 to 4, 30 characterized in that to recogni ze that
redundancy i pheenmat coaifner correcting errors is contained in a data packet
and/or to find the position of the code word in the data stream an
appropriate identifier is provided in the packet header, e.g. a set comuand
bit, 35 or ih.theAsymetiwdd.fo16. cTheepttihgd asretrai med pPacéas oflatiains 1

to 5, charac e t r rr ag 0 LS used
which is sho%’?%%éddcp%%fl Igﬁgtregrsloyg% Qﬁge&‘ O@re% ?E%Isclﬂelngt hg%ug%—étél The

met hod a$ cl RRREAECER BA¥1BE &N feliovans, Ste@ﬁaracterlzed in that a
separate data packeluh8aHe9d bnfermiébeohedisdancy rafainERt keRorsal ds dat a
packet being appendedto f0g.data packels for useldl Lt OLIRLLOata
structure, specifically at the cost of a free data
field or of a stuffing data field or useful data
10 field,
- the cycle of error protection, particularly its
code word length, is chosen as a multiple of a

minimum size for a packet length.

15 2. The method as claimed in claim 1, characterized in
that the packet data used are DAB data packets.

3. The method as claimed in claim 1 or 2,
characterized in that an outer code word length 1is

20 provided as a multiple of 24 bytes or an inner code
word length is provided as a multiple of 24 bytes.

4, The method as claimed in either of claims 2 or 3,
characterized in that the error recognition information
25 in the data packet containing the redundancy
information for correcting errors is associated with

the next respective code word.

5. The method as claimed in one of claims 1 to 4,
30 characterized in that to recognize that redundancy
information for correcting errors is contained in a
data packet and/or to find the position of the code
word in the data stream an appropriate identifier is
provided in the packet header, e.g. a set command bit,

35 or in the sync word.

6. The method as claimed in one of claims 1 to 5,
characterized in that to correct errors a REED-Solomon

code is used which is shortened particularly to the



8. The that onl 10 decoding informat nethod as clainmed in claim?7,
characterized in the redundancy information is evaluated for the data
packet with the redundancy and the rest is discarded, 9. The nethod as
claimed in one of clains 1 to 8, characterized in that the data packets are
arranged in 15 rows and the code words- isn col uims. 10. The nethod as
claimed in claim9, characterized in that burst errors within packets are
di stributed puekea pkogahist ysedf. code words. 20 11. The nethod as clai ned
in either of clains 9 and 10, characterized in that a shortened packet

header is used, and the data capacity resulting fromshorten is filled with
redundancy bytes. The method as claimed in one of claims 1 to 6,

characterized in that a separate data packet is used
5 for the redundancy information, said data packet being

appended to the data packets for useful information.

8. The method as claimed in claim 7, characterized in
that only the redundancy information is evaluated for
10 decoding the data packet with the redundancy

information, and the rest is discarded.

9. The method as claimed in one of claims 1 to 8,
characterized in that the data packets are arranged in

15 rows and the code words in columns.

10. The method as claimed in claim 9, characterized in
that burst errors within packets are distributed over a
plurality of code words.

20
11. The method as claimed in either of claims 9 and
10, characterized in that a shortened packet header is
used, and the data capacity resulting from shortening

is filled with redundancy bytes.



