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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 nethod for transmtting data i n packet

node. This nethod provides for an error recognition

Nt bREaf ebr E6e0gBtZhggedabaspankphsketadsnitted
incorrectlTy (CRC 10 nethod) . Since the individua
packets are conbined to formdata groups and also to
fprivdatatfiles, a single incorrect bit can ruin the
transm ssion of |large volunes of data. Error

protection for DAB is achieved by neans of a o
cBavoBatiork readai sHieobiRcPavke F nfPRNs Fhec dfextDifkistal
t 9,881 Y8 ARk 18 Orstatcf, 180X (edhmplHOWRYRICifies a
practical experiencCe, has sho t hat althqy h tq§ bit_. .
eRebhofat E°Fs SHARPEFBRITNY I%gF?orl%uuﬁ?f é% jdg o This
hinghhbar prensiéd t ifeg daha eerot ceecaMiltidrhemvBod for

net hod, ,a,concat.enat ed. code c Y [
chaECERdZBIEc %to%epﬁgkﬁggd.t%qlpssm%}?egjmgg\glérggg%\%pbi {CRC
emedhodat esSittwehetlae hiiodés iidnallheastkiys ofre magnitings to
0 " (= 8).. v fethe,l-Rv LOME Wt t ;
oLl ), i ianERs oL R0 W) Lingle
phoearregtof Pdat a PACKEED r didnd AP st itn A9
CObLERbENG FerdHES. | sraddedhroftidca 13 redai phBg itsheachieved
original packet data ﬁﬁructure, specifically.at the ..
cB¥t M6RRE 1ee®dGPRVAIEIFdOSr % @P%f ?ﬁﬁ@%&f/g Firk Gf1s
ototsekul wiad atbi edchieane whebitt kerrcxyctatef afrropn”(-4) .
pr.ot ection, ti cul a R d r | en [
e s
| ehgt hiteerors catebd scaufddtdeniilvhdww £P@AaRudio, it is

recsi ¥eEn koL examRhecthRgdhHgat Qchayeeknow edge about

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).
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 1is added while
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
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).
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this nmethod, neverthel ess recognizing the data as

valid DAB packet node data and being able to process
them using an ordinary error recognition nmethod

(CRC). - 2 Higher-quality-receivers with control over
the error correction nethod based on the invention
cRfighse- qhasltpﬁtﬂﬁnhiuutsI1witﬁel¢mmtr@brnxnam daha error

files re_oft nor i I g

EX8hpfa lo%n‘glo‘c%ﬂ néintk%aso & %}é i ﬁ\% r?{)érgt}\r%er{]eiaf]aused this

methodea@dt dilusi dhlméer ergeecs tdutar émiﬁgs mojrg often
C 0.f 1 shows a structure for data packets

ka ﬁoré uigﬂg "the DAB packet node, figure 2 shows

the insertion of redundancy information in the

pedgivpggEi el d of the packets, figure 3 shows the

arrangenent of packets fromfigure 2 15 in a cohesive

data stream figure 4 shows the insertion of

r EQemnpaney émbcdﬂméhos of nthea isivegltd omacket ampllzduted in

LSeEuladal ey L oHr £oP.30pY8 Lhe ALT ADOSTROL ol DaRkeh,

dAr 2 f Fom ure Coheési ve
f fgovee6 Jshgwgwan anmtavmmmer uéour eddtor Plackedckeps the

f:easﬁg%f' PHL i pEs YL Skeerhoss, Description of
exenp é enbodi ments 25 Figure 1 shows the structure

?laua%u FACWE O t HRSCeBRsPR Bf TREUDABNSACKE Hgfdion
The pRekphabeaderiecagconnpdat pacp@tm cul ars regar di ng
tg packgt Fengtgh a__continui f r%; a%ﬂ:d%% 5
atti¥BES fi 81'H) " a - Cofrand IF el &‘Fd P&&F%e Eultdr g

r egaa deoge s free udetal statam30 | ength. This packet
hffg&fe'i %%Jd@“%h@yiﬁggrPfSKeEf 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,

figure 6 shows an improved structure for the packets

for distributing burst errors.
Description of exemplary embodiments

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
length. This packet header is followed by the packet
data field containing the wuseful 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).

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.
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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). 353Valid | engths for packets
are 24, 48, 72 or 96 bytes. This structure needs to
be rrai ntai ned for the inventive solution in order to

?:ér %d&r&l q‘lel %@rs E?fo?ﬁééorlﬁ%ﬂ%()ddrﬂg metdod

For correctlon can using a
Wi eth ugégsaasyﬂézt%?ﬁﬁfcl%o@%de Thﬁban o t‘é%\ys%ﬁafihf"ﬁe the

dad @ t 0o beep 'b‘%b%@c%@oﬁra@:émhéﬂ@té]ﬁ@e&' nghangegeandnanionly
5 redundancy i nformation  in Lhéinogorm o% ggltlo |1
RENAIRCRAGRE PERAF I P added R dE UTRdOF oG FGPTIAL bYtes
Ciér&@di@ﬁon&@lyeadd@ﬁeamblQbemnEbrbéru&&dcbﬁr&ctlon. An
EED- Sol o S 25 [ te
(TR patkatioi Dea BEeqooChdst RO B P S E knoun =5
e S d f2@r9 t, hesrhlcmo cad@ofﬁhmedwv@m i bheprpfpds@‘s tdges
? cfef%rfl'ldr%‘?ﬁtdgng sthe redypdancye | orﬂB’}t' Q‘?lese
nsertion of the re unéancy information in the
p%w@fhg field of the packets. A normal packet node

decoder will rate it as padding and ignore it. 2.

| nsert.ion of, the redundancy info ion . into a .sin

R e e SBEPPPORa Srbr Grogaraehes fHa; iPRatting

nmérafe@mCmﬂefdﬁwtdﬁmncan sinply 20 ignore this
cket r 0 th iIst.

alter na |v}gylgnl'h OSH] cKet %8 ég&%gu'%%ﬁo%@%ﬁ/{%@ in the

There M\@cﬁm@@nésehd Qéetl’;ﬁ gatheteel 4 oprgaflopagket mode

bytes,sdobhomed;i DY fate it as padding and ignore it.

2. Insertion of the redundancy information into a
single packet without additional useful data, so
that the normal packet mode decoder can simply

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
padding field, the SYNC field, the redundancy
information with 16 bytes and 2 bytes for error

recognition (CRC).

The SYNC byte 1s used for recognizing packets which
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
cohesive data stream is shown in figure 3. 1In 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 value 176, is the length of the useful data




10

15

20

25

30

35

25 padding field, the SYNC field, the redundancy

information with 16 bytes and 2 bytes for error
recognition (CRC). The SYNC byte is used for

recogni zi ng packets which -3Q@ contain redundancy

bytes. Alternatively, the command bit (bit 7) fromthe
p@@keﬁe h@ﬁdﬁecﬁﬁ’d beThet talsuthtipackefs.tlde redundancy

?ng g %QS packey eghgﬁQ F%nEEQ%r%h%'dggiféysthe

reéamis s
ecuamaéret PHGKQGdGNJtSh shedurdadcyo btt/tt@scod@ﬁv\nréthéﬁgtﬂhat

/ 2
(4921110 peEit sty scalu 020 pbibcaaty w3t e

t‘FﬂéC séevnBh9aFusrent, PRskeke IehGeR SR LN ArSEE S ida Fhe
- réduhQ@aRey pn@&@ ed Thehecéaé CWctd onedlthheis therefore

r edundanc tes of the code word S not n .
thetlere? ora’t‘% ur¥'ght % ¥ RPER© E % b Pe this
bosise at bee phaketf heatihe psedeaonsepableHw tSh itsheehe sync

%eyndgngyﬁagge%heTQ%dgﬁgRgc dung@%m% Lr%P%cQ$@%¥r ing

n ca ed usin anc tes he co
werdotrength i s therefore both 192 and the sum of the
packet | engt hs. In this case, the packet header is
denoted by PH, is the sync _data and Ris the

r%‘auﬁaéﬁc?mrbﬁfiéFﬁélttvorFl'feorc%‘bW et?¥ n’g_hel@ré’lolro@"tl%tlon
tzhascﬁérboehaentf,oxt hteneyphekées t TRakr rigy s ok&et ithAt the

hestht for . the pa is.to say that .t
e eAbrRThr oha il pebiBioRio e afd b itlond s on
neeelds t bo bke aarrmhtLitppéeobft h&enmindomrsiszeef diora a packet

p | g i ca
flgg £ EHLS e?{gPe%‘lt h%%n%%mg?’n%%‘? %16 Y 540 ©ode
aW@l’ I sbenﬁ‘éhéel Qabl é68be5|1§83 02R6r s aPhe 2éRos & & odil SO

Wobfceivable, besides others. The chosen code word
length is then filled with an integer combination of

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.
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,
the RS Dbytes 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.

The second alternative for inserting the redundancy

information is shown in figure 4.

A defined address 1is used 1in the packet header to
identify that redundancy bytes are present. A SYNC byte
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length-is then filled wth an integer conbination of

20 the four possible packet sizes. To be able to

cal cul ate the CRC for the packet containing the
addi ti onal redundancy infornmation, the CRC bytes in

t he next respective code word are handl ed. 25 If they
WekE tQ ke isd tuakedror tig sSsanen ceHeswebttelkdie eRGiseful

calculatio uld not b ossi bl e ince the
raaﬁﬁdSﬁEygﬁygﬁgnspoFﬁng ncghs R%ﬁ%&galso need to be
calculated wwth the CRC bytes, but these in turn

cannot ul ' he fLakte.
iehce SOTRLVRS ByEas MPE hior hor i aed FIvap 1n
afidguirasér tedophesneHe fpackbis RAkErNRREVERC bytes are
cal cul ated and appended. The fact that they are not in
the sane RS code word does_not alter the RS byt

s. 35
The §&ﬁﬁmeﬁﬁ?ﬁ}ﬁatﬁﬁ§f?ﬁd?n%éﬂﬁhﬂf?ﬁﬁ?qeHﬂnéi%n}ength
i nbosyabbon iTheshovhei wdidiuie 4otA defcnedtedduessg sthe

used, i he .packet _header to...dentify that redundancy
b§?8§egréeﬁﬁg§e§ .aﬁgsgﬁé B?Fgl?gSE'can al so be used
for this. In this context, no useful data can be

LEANIAI %ﬂ&aﬂ%ea%ﬁé gvhe ¢ahesiye dald Str&aMeion
t he arrangenent shown iIn Igure 5 1s obtalined for
t BBsTalt efaed | vENIth tARSt ex@fsiie, thAE dotle e packets,

shoet enet t@séhel | engbh 142P81 182) theTheo&odfowar &drs the
not caLculﬁted usi ng the gscket header PH ?nd &he £ th
paddirgoPaL1 G LYY HPEC B e At St FcPBHFEPIERST the
efi i mpmotsdetl dor usepadtkekat aehgnnt hinushimatcelset . The

farotie packets, olee. iBgqugefbl dahay!enginogf fhe, an
code"word Tor the "additronal error protectiron nus e
aingbgépl@qmbﬁna§ion of the four possible packet sizes.
The packet with the redundancy information R 1is
appended thereto. During decoding, only the redundancy
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-
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
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
accommodated in the DAB packet structure. To reduce the
overhead, only a shortened packet header is used. The
control bit 1is 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




15 m ninum size for a packet length, in this case 24.

The chosen useful data length is then filled with an

i nt eger conbi nati on of the four possible packet sizes.

The packet with the redundangy-information Ris

appended thereto. During decoding, only the redundancy

280 biyhes %f@ p$gdeﬁraﬂ1rhe Fed?bdammy [RaC lpetckearsd  tHeace,

rest s, di scarde et PHc r

X BTl Y erf5eH r‘?% 5e& ese'\é he |%}€eentc%%§1rt$§é&l ghecrket

i neddegur eis. rapﬂhcsdcabe Rﬁe sadRnREEDY25 bSdleson Exrror

MBEOELCEPGE EPelk2PRe. ERE) coPuliigdads hot RUB.iR0d DVB
deo. required, I's shortened by adding zeros

before the protectlon bytes are cal cul ated. The

PaC k?ﬁﬁl?‘r S A K B0 bflod ©51 e Af IPévé—ﬁ8 IoWsolhion for

exanpl e,” the code words are calc ated col .
TRFEOB0 FRELFEEIPR i MPF oVeRP erRdT ?ﬁnr@ﬁé% itH'” inplied

perf or raacengstanebe batsieeedois whibiwayhe packets
are distributed over a plurality of code words. The
RS redundancy bytes (RS bytes in figure 6) are al so

35 accommopdated 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
l ength is always used for the redundancy bytes. Figure
6 shows that the RS redundancy bytes in the first two
- 6 colums are placed at the end of the RS packets.
Hence, the data capacity released in the shortened
packet header is replaced by RS redundancy. bytes.
Error protection over the CRC col unms are not
required. 5 A fully backward-conpatible (level 2)
solution for error correction for DAB packet node
with inmplied
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interl eaving can be achieved in this way. - 7 Patent
Clains 1. A nethod for correcting errors in packet

data, where code words are used over a plurality of

data 5 packets, having the fiold ow ng steps:

redundancy information for correcting errors is added
whiakencefCamaingg the origi nal packet data structure,
specifically at the cost of a free data field or of a
stuffing data field or useful data 10 field, the

cyel e Bf ®e¥Rpd plQitecEPERSChAREi cRIEPTS iits PEsHECwHd2:
| gRatl, dSacherpiAsageMiddd! ovelr aa WINiraIMSi zetf afata
a gacket Igngth. %E 2. 1Ee met hod as clainmed in claim
1PagKSFSct 8AV2BE FRE fRALOVABIPSERBE ‘data used are DAB
dat a paekehsandy Thefoehhotloas dmi redrientdhgi netrors is
2, char erj [ t oyter : d [

20 prodred st A Rul T o 24 Byt S G- an | RAGRCEodit2
wor d | ehguhtirepr speddd iasldymaltt ithlee asfis24hya dgreq data

The methadqas,cl & ngd gih r@litRergfa ckaL1® 2r0fusdrul data
characterized in that the error recognition
i nfor Ma&FdA 25 in the data packet containing the

redundaney cydfor &t | eprHor waideaniidty epeetscularly its

associ ated wth he next respective code word.. Th
e houthas. ot PRoBRL A4S SRERRENT 58 Wifridie TOE &

char acténimed smnzehdbrt e peckghi Zenghat redundancy
information for correcting errors is contained in a

data packet and/or to find the position of the code .
werd | Aheheeghed s6r edmimedappr cprdiat e i demidsegrized in
peayitdedel pathetpagkat uBeadare ©a8. qarsebacrBrBNd bit,

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

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
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one of clains 1 to 5, characterized in that to

correct errors a REED Sol onon code is used which is
shortened particularly to t-he ~ 8 packet | engths used.
7. The nmethod as clained in one of clains 1 to 6,
chachketelemgtdhenutshdt a separate data packet is used 5
for the redundancy information, said data packet being
appended to the data packets for useful informtion.

87. TheThet mathesl chai mdadimed| Bhmone cphr §éEéfiSzell R 6+

t@ﬁérQEE¥r£E§drﬁQﬂngﬁQ€ya!né@ﬁﬁ?&t@”d@%aﬁ%@i@@é@d ikOrused
ecodi ng the data packet h t he, redundanc

i APBr FREI FrE UK INe %‘%@?r‘l‘%tb‘?%ca?ﬂéﬁ étanp@%thd%emg

agppkabgadtbntheedatacpacretd tfor8usethar anfermaedonn
that the data packets are arranged in 15 rows and the
code words in colums. 10. The nethod as clained in

cBai m Yhechathotierszedaiimedt Hat Hwist Ter radrasramittdiirzed in

agg%gf§§gﬁﬁleﬁ§LEbaﬂhagggggrc QﬂMéHfgﬂtysoEv%Qg%ted for

. met ho almed 1 n either of
claragingandtheo, émbRractR*FERE inWiHat o Rhor teggpdancy

pagksetmheadar hea vaedreandithgidakadeapacity
resulting fromshortening is filled with redundancy

byt es.
9. The method as claimed in one of claims 1 to 8,

characterized in that the data packets are arranged in

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.

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.




