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{87 Abstract

Data is transmitted with & signal containing a number of simultancously active modulated frequency channels. The data is encoded
in an error protecting code. Successive data items are mapped pseudorandomly o different frequency channels. This protects against
fading which affects frequency channels that ase located at periodic distances from each other. The pseudorandom mapping is realized by
@mmammmmmmmrmmmmmmmmm. Successive signals ave each modulated
in this way, The memory locations vacated upon reading for the modulation of one signal are filled by data items for modulating the next
:?Ec'cl:lssive signal. This is kept up by permuting the order of the memory locations in which the data items are written for each successive




different frequencies. As a function:of ti me, the frequency "hops" from one

frequency channel to another. To protect against jamed channels the
information is encoded in an 15 error correction code prior to nodul ation.
In addition, the encoded information is interl eaved: the tine

sequential order in which the data-itens are nodulated is pernmuted with
respect to wheeedeer in whichithey succeed each other int

protection code. In the prior art technique, interleaving serves to
make the anti-jamr ng system nore robust lagai nst pul ses that jam all
frequency, channels for part, of the ti '

descri bed Méthod of pERERrolested transmission aéefmmwdmmef@ﬂmd

avai | abl e. g gfnﬁﬂt) 's¢em oL rhiRion! of dd@P! Oy his power over a much wider
bandwi dth and 1's therefore essential for anti-jamm ng as described in

t he book by GC. dark and J.B. Cain. It is inter
alia an object of the invention to apply pseudo random 25 interleaving to
applications which nmake nore efficient use of the frequencies avail abl e.

It is a further object of the invention to provide for nultichannel
broadcasting which is robust against degradation due to nultipath

transm ssi on and whi ch makes efficient use of the frequencies

g\cl:_?_} : 382?00064 The inVeRtGHO1eRASHO a method of error protected transmission of dah,
The i nventd Bethed erprprotacted rsosption, of datg, a mwwmrmmfof

data, a transmitting section and receiving section for such a system.
A method and system of this kind is known from the book "Error
5 correction coding for digital communications* by G.C. Clark and J.B. Cain, Plenum Press
New York, 1981, sections 8.5 and 8.3.2.

The cited book describes a system which is intended to counteract
jamming. This is achieved by a spread spectrum technique, which involves greatly expanding
the transmit spectrum relative to the data rate. The idea is that this forces the jammer to

10 deploy his power over a much wider bandwidth than would be necessary for an unspread
spectrum.

The anti-jamming system modulates the information successively at
different frequencies. As a function of time, the frequency "hops” from one frequency
channel to another. To protect against jammed channels the information is encoded in an

15 error correction code prior to modulation. In addition, the encoded information is
interleaved: the time sequential order in which the data-items are modulated is permuted with
respect to the order in which they succeed each other in the error protection code. In the
prior art technique, interleaving serves to make the anti-jamming system more robust against
pulses that jam all frequency channels for part of the time.

20 The described system makes very inefficient use of the frequencies
available. This forces the jammer to deploy his power over a much wider bandwidth and is
therefore essential for anti-jamming as described in the book by G.C. Clark and J.B. Cain.

It is inter alia an object of the invention to apply pseudo random
25 interleaving to applications which make more efficient use of the frequencies available.
It is a further object of the invention to provide for multichannel
broadcasting which is robust against degradation due to multipath transmission and which
makes efficient use of the frequencies available.



data, the nethod conprising a basic cycle conprising the steps of -
encodi ng the data into a | ogic succession of data-itens in an error
correction code which is -nmor e rebust- agai nst —errors that are separate
fromeach other in the | ogic succession than 5 against errors that occur
in a burst in the |logic succession; - generating a signal conprising
a nunber of WO dMécously active, nodul ated frequency POIIBPENOD6,

- selecting for each particular data-itemg particular frequency channel
having a particul ar frequency position anong the frequency channel s,

the particular frequencypagh ‘;GP ﬁ&%gﬂé&%{&?ﬂ%ﬂﬁﬁnﬂ& of

| ogi ¢ position of that partic ata-itemin the | ogi cessl on;

- nodul at i nglataatie metquumpnmnmc mlﬁeq;m@empﬂ east a respective
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transmtti ngn&bmhugigiinstemmﬂﬁammnwﬁuhabbo&unﬂ the degic successivnthasi on
of information in a n er of fi"f*%g ‘% channel s, the frequencies
avai | abl & a/B8aRH IO, W&gﬂa 10815 $16°eF8Pesses the probl em of

transni ssi on gehami! $ sighd ﬂ? vising fafrimber oMmimultinepasly attive) aitdamited Traqakdey’
In the case of wireless broadcasting, for exanple

than from :an’m ng.
indirect tr sion may occur 20 in addition to direct transm ssion of

el ectr orragnetsagct[@%' ?Hdﬂ'barﬁ&lar%ﬁ% ichlar cRdhnel havi {ﬁiﬁculu
radi ation by a bui'lding. It has beenfomthat hlgioften lgmgfa 0
variations ifrequensy position ameng theifraquencychannelsy thei pagticular Stpquersy ponision deing a

Mor eovery P@g 535 ﬁ Ilgp m§ t 0,

i.e. it rec%rs as a P‘unc on &%@oﬁequency after a nﬁtrgﬁ%'eﬁ%'?fbrgicg’lc'
channel s. Thessioagpurrent period is dependent on the receiving conditions
and, generall eaki It cannoet

The use of pé‘éﬁﬁgupgﬁﬁ%‘n&%w '@‘éﬁff g °¢Tﬁqﬁsb§t’ﬁ3pﬁt§'ﬁsq#§’§l%dam'
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The met hod accord| ng Lo the |nvent|on has an embodi ment conpri sing -

Writing thePdl¢ Mt 0 respective nenory locations in a first order of

data- 30p5 t eREBns Ehﬁﬁ/fth rst order the data-itens becone avail able during
encodi ng; i egg{'ﬂr eading the data-itenms fromthe respective

menory | ocaAs@resulthofithe simultaneouy aransmission of information in a number of frequency
channels, the frequencies available are efficiently used. The invention addresses the problem

of transmission channels that may suffer from multipath transmission rather than from
jamming. In the case of wireless broadcasting, for example indirect transmission may occur
20 in addition to direct transmission of electromagnetic radiation, for example due to reflection
of the radiation by a building. It has been found that this often leads to variations in the
receivability of the various frequency channels. Moreover, it has been found that this
variation is often periodic, i.e. it recurs as a function of the frequency after a number of
channels. The recurrent period is dependent on the receiving conditions and, generally
25 speaking, it cannot be predicted.
The use of pseudo-random interleaving prevents multipath transmission
from causing burst errors that are so long that they cannot be corrected.
The method according to the invention has an embodiment comprising
- writing the data-items into respective memory locations in a first order of data-
30 items, in which first order the data-items become available during encoding;

- reading the data-items from the respective memory locations in a second order
of data-items, in which the data-items are needed according to said pseudo-random function
for modulating;

the method comprising performing successive versions of said basic cycle, in




of data-itens, in which the data-itens are needed according to said
pseudo- random function for nodul ati ng; t he nmet hod

comprising perforn ng successive versions of said basic cycle, in
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each of whi alipvye348960NS t he | ogi c successi on of data-itens agdnbssdodgsonal
are a respective one of a series of &ogi c successions and of a series

of successively transmtted si gnal S, respectively, said witing of
the data-ite e r.f or I, N each. articuyl ar S

respective ?ﬁnﬁf’g‘vbfcge‘%'% ggfldﬁtﬁétemisﬁ"m :{;Lgrerﬂamuveone

| ocati ons hefeogies oﬁlogib’ﬁicb&ﬁb& SHI0OT 4 SeRids agsﬁcbasﬁaym:ﬁimm directly

preceding version of the basic cycle,

reb sald respectlve third
order in tmﬂbmwvm%m@mmﬁ%tswﬁﬁ@ cylge version in a
respective fe%eﬁﬂreoﬁlﬂ?r &aﬁH rRdniity t he
pseudo-rando l%?:{}légr%gfhsgil ntern gﬁ\%ﬂgﬁ performagé’gy witing

dﬁt a } t efrs availableuponmeading the tb}a-nems forqudireetly) thecbasigrcycle; ens
| ocati ons Vgl A rERail %’Mqﬁ%%ﬁﬂmﬁé ety é@gﬁ t*&-ﬁ*‘?‘é@ﬁ
whi ch respectivel muﬂmhhﬁam&yprm;ympamrﬁngmm

ascendi ng dress,.seri.es this s nown..pec s om US 5 151 6. The
i nventi on, 'r"ﬁ %, (IFsleaving s perform e&tli?yo‘ﬁn e""’s Intg, 4 Wé@@ ding to
a pseudo- IsgbssqEently GeaiinEthe [daBitdn® thérefromGh atdimmuamsﬁwmrmdm

sequence_is far nore conplex than a ponotonous series, it has been found

that nolQbiiftomemany loeations vasated by reading beforsrallother Jocatinns Bave besmyrrad, which
e P Sl im0 4o For ooy g atdes i s
known per se from US §,151,976. The invention, however, applies this operation to the
writing according to a pseudo- random sequence. Despite the fact that such a pseudo-random
sequence is far more complex than a monotonous series, it has been found that notably the
15 use of direct writing after reading with random sequences can be used for interieaving.

In an embodiment of the method of the invention the memory addresses
are selected alternately as a monotonously ascending or descending order and as the pseudo
random function of that order. By using only two different series of addresses in an
alternating fashion, interleaving is simplified.

20 In an embodiment of the invention, the addresses are calculated according
to a linear congruential sequence satisfying

Xp41= (22X, + c)mod M

n being the position of a particular data-item in the second order, X, being the address from
which that particular data-item is read, M being the number of sclectable memory locations,

25 aand c being a factor and a summand for a linear congruential sequence respectively, the
combination of the factor and the summand used being changed for each version of the basic
cycle. The factor a and summand c for linear congruential sequences are such thatcis a
relative prime with respect to M, a-1 is a muitiple of all primes factors of M, and a-1is a
multiple of 4 if m is a multiple of 4. This provides for a simple way of generating the

30 addresses. In particular it has been found that, when all "a" used for different versions are
such that the square of (a-1) is divisible by M, it is ensured that all orders of addresses
which are successively required to read data-item that have been written in the order of
locations in which the preceding data-items have been read, can always be generated in
correspondence with this formula.



are selected alternately as a nonotonously ascendi ng or descendi ng order
and as the pseudo random function of that order. By using only two
different series of addresses—n-an al ternating fashion, interleaving
is sinplified. 20 I n an enbodi nent of the invention,

t he addresses are cal cul ated accordi ng to a linear congruenti al
sequence sati SWPINNA4196 [err] n being the PONIBY%OR6HT a
particular data-itemin the second order, X er] bei ng the address from
which that particular data-itemis read, M being the nunber of selectable
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4. This proyvides for a si e way of generating the 30, addresses, In
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that all orders of addresses Wwhi ch are successively required to read &
data-item that have been wi ¥hedmWiRgE he or der of | ocations in which
the preceding data-itenms hpie 1h56@s b GRHsmSEon SystidyS be generated in
correspondence with this ficﬁﬁrerul a. s ?)l WO 96/ 24196
PCT/ | B96/ 00064 Fig. 2 shows an embodiment of an interieaver; 4
10 Fig. 3 shows a further embodiment of an interleaver; and
Fig. 4 shows an embodiment of an address generator. Fig.§

shows an embodiment of the transmitting section according to the invention

Fig. 1 shows a transmission system. It comprises a cascade connection of
15 ‘successively an encoder 10, an interleaver 12, a modulator 14, a transmission channel, a
demodulator 16, a de-interleaver 18 and a decoder 20.

During use data is presented to an input of the encoder 10. The encoder
10 encodes this data in an error correction code. Any known error correction code, for
example a convolution code, can be used for this purpose. The encoded data is composed of,

20 for example blocks, each of which contains a logic succession of bits.

The decoder 20 corresponds to the encoder 10 and corrects bit errors
incurred during transmission from the encoder 10 to the decoder 20, The error correction
code is such that bit errors which occur distributed throughout the logic succession can be
readily corrected. Burst errors, where a number of successive bits in the logic succession are

25 incorrect, can be less readily corrected when they are too long.

The modulator 14 produces a signal with 2 number of frequency channels
which are simultaneously transmitted. The bits of each block are distributed among a number
of groups. Each group corresponds to a frequency channel and the information of the bits in
a group is transmitted in the corresponding frequency channel. This can be realised, for

30 example by interpreting the bits of each group as a number, by arranging these numbers in a
series and making an FFT (fast Fourier transform) of the series. The result of the FFT is
subsequently transmitted via the transmission channel, for example a wireless terrestrial
broadcast channel, FFT and transmission are repeated for successive blocks, This
corresponds to the known OFDM (orthogonal frequency division multiplexing) technique.



The invention also related to a nethod of receiving data, and to a system
for applying the nethod and its conponents, to which simlar neasures can
be appli ed nutatis nmutandis to obtain sinilar advantages. 5

These and ot her aspects of the invention wilT be apparent from and
elucidated with reference to the enbodi nents descri bed herei nafter.

In the dr awggssnsies Fig. 1 shows atrzﬁ?ﬁh&w
system Fig. 2 shows an enbodi nent of an
interleaver; 10 Fig. Pshows a further enbodiment of an
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15 The interleaver 12 places every adjacent pair of bits, which succeed one
another in the logic succession, at a respective distance, amounting to a number of channels,
from one another. The respective distances have different values and it is ensured that the
various distances occur approximately equally frequently. As a result, the system is robust to
disturbances of the transmission channel which lead to poor reception in a periodic system of
20 frequency channels (in this context a periodic system is to be understood to mean a system in
which the poor reception recurs as a function of the frequency each time after the same
number of channels).
All other pairs of bits which are so near to one another that a
simultaneous error in the bits of such a pair could give rise to burst problems are also placed
25 at a respective distance of a number of channels from one another. These respective distances
preferably also have different values and it is ensured that these different distances occur
approximately equally frequently.
Fig. 2 shows an embodiment of an interleaver; this device is also suitable
as a de-interleaver. The interleaver of Fig. 2 comprises a data input 42 which is coupled, via
30 a multiplexer 34, to respective data inputs/outputs of a first and a second memory 30, 32.
The data inputs/outputs of the memories 30, 32 are also coupled, via the multipiexer 34, to
an output 44 of the interleaver.
The interleaver also comprises a clock input 37, coupled to clock inputs of
a first and a second address generator 38, 40. The output of each of the address generators is



a group is transmtted in the correspondi ng frequency channel. This can be
realised, for 30 exanple by interpreting the bits of each group as a

nunber , by arranging these-numbers in a -serles and making an FFT
(fast Fourier transforn of the series. The result of the FFT is
subsequently transmtted via the transm ssion channel, for exanple a
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repeated for successive blocks. This corgesponds to the known OFDM
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wi Il enter non-adjacent channels. This serves to ensure 10 that a
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does not  jg lead 1O bUr Sk SEKOLfrded plrdlfatheOfH Fenithis G5bAAd first series of
addresses. The various data items presented to the input 42 during successive clock cycles
are written at these addresses. Data is read from the second memory 32 in a similar manner,
addressed by a second series of addresses from the second address generator, and applied to
the output 44. The first and the second series of addresses deviate from one another,
15 resulting in interleaving.
The first series of addresses is, for example a monotonously ascending
series (1, 2, 3 ...) and the second series of addresses is a pseudo-random series, for example
a series in which a respective difference exists between each pair of directly successively
generated addresses; these respective differences have various values and it is ensured that
20 the various values occur approximately equally frequently. The differences correspond to the
distances between the frequency channels in which successive bits of the logic succession are
arranged.
The corresponding de-interleaver has the same structure as shown in Fig.
2, be it that the first address gencrator of the de-interleaver generates the same address series
25 as the second address generator of the interleaver and vice versa.
The pseudo-random series can be generated by assembling the address
. generator 40 from a counter and a ROM, successive pseudo-random addresses being stored
in successive locations in the ROM. Alternatively, use can be made of a known linear
congruent series, the addresses X, for the memory 32 being obtained by way of the recursion

30 relation
X,41= (2aX, +c)mod M

These addresses can be obtained by multiplication and addition, without utilizing a ROM. A



The de-interleaver 18 corresponds to the interleaver 12 and perforns the
reverse operation, so that the logic succession is reconstructed in terns
of arder (i.e. except for bit _errors) before being presented to the
decoder 20. 15 The interl eaver 12 places every

adj acent pair of bits, which succeed one another in the logic

successi on, wbegnfisspecti ve di stance, anounting to a nunberp@itesémosac! s,
from one another. The respective distances,have different values and it is
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20OI frequgncy channel s (Fig.thﬁwsﬂlﬁxghﬂeﬂxboﬁfm sfandyutetiedvet. STHi ednbodiment
understood to nmean a systemin i ch the poor seception recurs a
function of comerises galy Wm%%m&%%@%&ﬁeﬂfmy%mﬁm
channel s) . data input and 2 data output, respectiVely, Of 8§ magior® 56.MTHY ih&rWEhérc&nﬁﬁm
at a a

near to one another th Si mul tYaneous error in the bits of suc

pai r could #iclosk inpns 50 which isrcoppled,to-ansaddrass genemton 34 An outputof the addsessct i ve
di stance of : q%rlg] h JoSE :

di st ances g&%xﬁa Bgﬁ‘%{ ﬁ%%%&g?@?gfg%?ﬁ%rag'% It ??Géa%oslﬁr%sg t hat
t hese dif f ecaupled ivia areadiwvrise control unit 52pter o readiwrite gonstrpl dapuy of the quemary.y .

Fig. 2 shows an enbodi ' [ | Sdevi ' ' e
as a de-interl eaver. T%ﬁ&@ﬁ%ﬁ@%&%ﬁ%ﬁ%ﬁﬁﬁ%@-
whi ch }s coﬂd&?aﬂdﬁsﬁ@'f. ﬁmdgﬁlitehﬂls%?rfr&ﬂ,théﬂgmwo 1 idaHod?L@pléedtoﬂle
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34, to arifa @ath e dHpimditing fonl theShpu? 3/ @fitten into the memory at the same addressie
interl eaver also conprises a clock input 37, coupled to clock inputs of

a first and a second addFhesaddepss generator Moeach timegeacrates guph a%eTics o
address geng{flafiss éohtains substantially the same addresses. The order in which the addresses

succeed one another in directly successive series, however, differs each time. For example,
15 alternately a pseudo-random series (X;, X,, X, ... x;) and a normal monotonously ascending
series (1, 2, 3 ... N) can be taken. This results in interleaving with a substantially uniform
distribution of the differences between successive addresses.
By using only two different series of addresses in an alternating fashion,
de-interleaving is simplified (same two series, so that each time the data items are written in

20 the de-interleaver in memory locations which correspond to the locations wherefrom they
have been read in the interleaver). However, this approach has the drawback that the method
of interleaving is often repeated, so that the transmission system becomes susceptible to
systematic disturbances.

Therefore, as an attractive alternative it is possible to use more than two

25 different series and to repeat the pattern of series of addresses used only after more than two
complete series. To this end, for broadcast applications a linear congruential sequence is
preferably used at the receiving side in the de-interleaver, because such a sequence can be
simply implemented. At the transmission side, for example an interleaver comprising a ROM
is then used, the ROM containing the inverse permutation of what the de-interleaver contains

30 at the receiving side. Given the permutation realised by the interleaver, this inverse
permutation can be calculated, for example numerically. If a recurrent pattern of mutually
different series of addresses is used in the de-interleaver, including a monotonously
ascending series (1, 2, 3), this inverse permutation requires only a limited amount of space
in the memory ROM.
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coupled to a further nultiplexer—36. The out puts—ef the further nultipl exer
36 are coupled to a respective address input of the first and the
second nmenory 38, 40. During operation the

interl eaver is WOPHAI®] to and fro between two nmodes. | n RETABISH00G4pde
the mul tiplexer 34 couples the input 42 to thg data input of the first 5
menory 30 and the output 44 to the data output of the second nmenory 32.

Furthernore, the f ur t hwhed differdat Rddréss 3IericQird ued, & Bpnchirtndiation kighdlds
first address generator to the address input of ., the first menor

) 30
and the out put p between the meeriyiag Sidg and the: transmissipn, side,-sothat, the dey Vel can
t he second m"@éf\(ﬂgﬂ&g‘ f\G@risé Qﬁx&% cdrf&:teﬁ\ag H&s{? ﬁ’bﬁ‘"
second nenory , 6are_rg€erse fiﬁtu?'g ari'son %?ﬁé_e P?g{ti no _e.Of
10 the interleaveijh Eorf thisspurpese uss is Iyt made3sf ajtmansmittedssynchronization
first serieg of. .addre : ' -2, i e
npat 42 capi sl i@ BERRfeR sp M Bl tforkfh ok A S 5i3hai8ob b tiencoded
addr esses. Datgymolread fromthe second memory 32 in a similar manner, - =
addressed by a second seri o] ddresses fromthe cond addr .
generator, and applied to %E'IWﬂMt%@%mgigcwdnm
series of addrppsRaved QY ishdvwn ' Pigl 208 32THE Gédress peneriitor 54 corffirises a register 60, an
I nterl eavi ng. The first series of addre SES“!HI!& L for

exanpl e a monc@wpusef whichsis caupled;to the outpat ofthe address generator and, inja

series of dr | p i A '
whi ch a r eagechnite) &2 THERHRPof AUIATHARE €2, conpled 19 3 Ty Symemand Inpiof 35 adle
successi vel y 64. Thganitput of theaddercbdsis scoupled: to-an inpysof the xegister 60; The addressy e
various values_and. it IS . '

approxi mat el y %%ﬁ%ﬂ‘f@@ﬁ%&%%’ﬁ?? %@gﬁ%@@h@ﬁ%s Ondwﬁ%ﬁ;ﬁﬁeecoupled, by
Fli stances bet wesyof &eotitpety teead sscond amitiplisandninpdt ioﬂthmuldp&m‘ézeaddhitbsa sebortdhe
0gi ¢ successi on The

are , rrange .
correspondi ng ¥ -ﬁ&%ﬁ&'%&vé‘%@ructure as shown in Fig.

2, be it thgt the first ad@heig dpertontie refiktet 6¢ céttaingthe G thé fiefory.
the sane address series 25 as the second address genigr tcglgwsf he

i nter| eaver aridsing the multiplier 62 and the adder 64, next in conformity with
the formula

X +1=@X, +c)mod M
20
where M is the length of the address series. The factor "a" and the summand “c” are derived
from the factor memory 63 and the summand memory 65, respectively. Between successive
series the memories 63, 65 receive signals, whereby another factor and/or summand is
applied to the multiplier and the adder, so that subsequently a different series is generated. In
25 one of the series, for example a=1 and c¢=1, resulting in a monotonously ascending series.
In the other series a is then unequal to 1 and is chosen, in & manner which is known per se,
s0 as to generate a pseudo-random sequence (c refative prime with respect to M, a-1isa
multiple of p for all primes p sharing M (e.g. if M=45=3*3*5 then a-1 must be a multiple
of both 3 and 5) and a-1 is a multiple of 4 if M is a multiple of 4).
30 By storing a number of different usable values of a and ¢, a corresponding
number of different series of addresses can be generated,
Preferably, the "a" values are selected only such that (a-1) squared is
divisible by *M", i.e. such that (a-1) contains each prime factor of m at least half as many
times as "M" itself (for example when M=675=3*3*3*5*5, (a-1) could be 45=3*3*S, in



The pseudo-random series can be generated by assenbling the address
generator 40 froma counter and a ROM successive pseudo-random addr esses
bei ng_stored in_successive locations in the ROM Alternatively, use
can be made of a known i near congruent series, the addresses X err]
for the nenory 32 being obtained by way of the recursion 30 relation
[err] wo §¢fapsaddr esses can be obtained by nul tipli catpcqipssnoess
addition, without utilizing a ROM A WO 96/ 24196
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further alternative consists in the yse of an LFSR (linear Feedba Shi ft
Regi ot er ). Bencaal large B valugs with Severaf ping fac4o 208 FSauric o e M-I G 201
i nterl eaver onif S8 Y PPHI 18218 qualify). IE S FroGenCihty whek ofily™a* Waltés hatirgy theput
and the output of the T'ntérl eaver are coupled to a data input and a

data out put propesty,that the sayare of (a-h) is divishla by Moaremsed fos gengrating.the , any
5. An out pREVAfBAdh betrilition™CF o b absbrd by, 40 B {5 08 %0 1 o M
i nput of 5t heanrbermalized GvithTanc"a® Ivahie thataisp sBisfies this condition. Alsodt pascheen foundethat
read/write Lol e laditles B interRafing EAF dethteitEavii} tah then 812N Willsud FRludo
random permutations in that case. Hence no address ROM is needed. It has been found that
this is true only when the square of (a-1) is divisible by M. In this case the addresses need
not be calculated by actually calulating the formula X, , ;= (a X, + ¢ ) mod M. In stead,
10 one may use X, . ,= X, +v, mod m; v, 1= v,+d mod m, with d=c(a-1), and v,, initialized
to (a-1)X,+c. (For example, when M=100(=2*2*5*5), "a” may be chosen as 21 (a-1=4*5)
and c=]).

When the modulus M with which the multiplier and adder operate is made
adjustable, the interleaver/de-interleaver can be simply switched between different biock

15 lengths.

Evidently, the invention is not restricted to the embodiments given. For
example, instead of operating with bits it is also possible to operate with larger symbols, for
as long as the error correction code is capable of correcting random and isolated errors in
these symbols better than random errors in the form of a burst.

20 Furthermore, the logic succession of bits produced by the encoder is not
necessarily a temporal succession. Bits are "logically successive” if simultaneous errors in
these bits can be corrected less readily than simultaneous errors in "non-logically successive”
bits.

The inner frequency interleaving is a pseudo-random bit interleaving. The

25 interleaving is on a block basis, i.e., the bits in each OFDM symbo! are permuted in a fixed
way such that bursts are randomized. However, bits of a given OFDM symbol are not mixed
with bits originating from any other OFDM symbol.

In a practical example, an OFDM symbol consists of N useful subcarriers,
where N equals 6361 or 5937, that each contain 2, 4 or 6 bits of information. The task of

30 the interleaver is to decorrelate the bits at the input of a Viterbi detector.

The (de)interleaver consists of a memory (RAM) having the size of 8
times 8192 bit and an addressing unit. The addressing unit generates a 16 bit address that can
be distinguished in 3 Isb bits and 13 msb bits. The 13 msb bits determine a particular
subchannel, while the 3 Isb bits determine which bit from a given subchannel. Each time as



The address generator 54 generates a series of addresses during operation.
For each address a first data itemis read fromthe nenory 56 so as to be
applied to the 10 output; -subsequently,—~the read/wi-te control circuit
switches the nenory to the wite node and a data itemoriginating
fromthe input is witten into the nenory at the sane address.

The address gerW@8WM1%964 each time generates such a series of PEEABIGHISS .
Each series contains substantially the same ggdresses. The order in which

the addresses succeed one another in directly successive series,
hovever, diffe mtﬁmomemm@aﬂﬁwm@wmmwmm&m
series (X[err] X[erbé X[err X[ertbg) and a nornal nonot ongus]y

ascendi ng t_peuzputgs writter\jn #Wmlﬂwlmm

i nterl eavi ng W%.l{“a ﬁid?é&ﬁ” Itlln.)ace 'bﬁl@ﬁndwall tﬁioﬁ P rdidvant hted t&%cndem

di fferences be el% successi ve addresse ygﬁ g usi ng
only two di ffeﬂnnmrwaoébxmpermbd&.swmnﬂheaammthgWs\muhﬂgon m
de-interlea I “E i S ‘ﬁgg s@ﬁu:nﬁg that each tinme the data
items are V\} Mﬁaﬁné% e-1n erlxesgv“er nmenory | ocati ons which
correspond to the IocatlonsSmhaﬁ&ﬂlnmpnmhayd 5937xsldana'blbéyrthruaﬂleilsbaddassesm
I nterl eaver). wever..this a ac nmet.hod

of interl eavi ng‘gw‘&%"e Paé‘ﬁeg'i)é@m‘gg‘ ?Wf@n fﬂr?nf {frf’fﬂ@m%&%nes
suscepti bl e t Ogybearrief ¥iid tiPalgeritinsik usedol) 06r 3 times dependent on the number of bits per
Therefore, as an attractive alternative it _is possible to use pore than two

25 differ ent Q%s”&h gimegwith, 3 different fixed, pffset an ghe 1sh. Inshis yay it i
only after Hfiressed uddeF RN SirCunSstib&befoke tﬂesatﬂf%smé Bhit Wil BE R e same

applicati ons aq | near congr uent I al sequence is preferably used at t
recei ving sidest®. t he de-interl eaver, because such a sequence can be

sinply inplenented. At the é&ba@pgp Sk
conprising a ROM is then use I§‘JO'F?‘R“@C%F‘(:o‘Id?{;unlng khelnver(;%’h'I the

pernut ati on of conisecutivéraddresses, gt Desivie< Noofithé 13 mBb bitsiin the OFDMeiymbobatstimiet

G ven the pernut atﬁon realised by the interleaver, this inverse

permutation cd Beul at ed, for exanple nuneri cal ly. If a recurrent
pattern of jsut uaIIy dli" enk sergtqmdqﬁ addresses is used in the )

e o B e A b e i
the menory ROMaterleaver, we can choose
¢, = €,y * cp mod N, where ¢, is a judiciously chosen initial increment that corresponds to
the actually realized interleave depth.
20 In summary, the invention relates to a transmission system, which
comprises an encoder, an interleaver, a modulator, a transmission channel, a demodulator a
deinterleaver and a decoder. The encoder is used for encoding a data block in an error
correction code containing a logic succession of data items. The decoder is used for
correcting errors in the transmission between the encoder and the decoder. The error
25 correction code is more robust to errors which occur simultaneously and in an isolated
fashion in the logic succession than to errors which occur simultaneously and in the form of
a burst therein. The modulator is used for generating a signal which comprises a number of
frequency channels to be transmitted simultaneously, each of the frequency channels
corresponding to a group which comprises at least one of the data items and is modulated in
30 the respective channel. The transmission channel is located between the modulator and the
demodulator., The demodulator reconstructs the groups and applies the groups to the decoder.
The interleaver distributes the data items between the groups and introduces a pseudo-random
relationship between the logic succession and the distribution between the successive
frequency channels. The de-interleaver reconstructs the logic succession from the groups
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PCT/ | B96/ 00064 When different address series are
used, a synchroni zation signal is desi rabl e between the receiving side
and the transm ssion side, so that the de-interl eaver can start the

pattern of series of addresses in the correct phase (so as to serve as the
i nverse of ﬁgg nterl eaver). For this purpose use isS pepisdRlsy nade
of a transmtted synchronization 5 siggil whi ch al so serves to mark
header information for the further processitng of the encoded synbol .

Fig. 4 shows an enbodi nent of., an address generator 34 for use in an

i nterl eaver%‘gﬂﬁ%gymdﬂﬁw?y%’ﬁm&%ﬁaMr 54 conprises a
register 60, an THES trtnsmigionVdysiei dah bedmproved whei e iftetlBaver aiid/bfthe de-
address generator and to a first nultiplicand 10 nultiplier 62., 6 The out put
of the mul tinfsrieaver gealise the distribution by-way eka nomrmenetenqus Linear congruentisl saquence.
64. The output of the adder 64 is coupled to an input of the register 60.

The address generator conprises a factor menory 63 and a summand
menory 68 which ar e Beupinsuissipy system cambe Hrrthenimproyed: whenhe, interleaver and/or

of the adoche dthaivel gE pAdedfiiPh mitndi} for the Bk BEAD S with B ERT fealt 101
regi ster 6GOmeams) the vrite imeansiwriting eachdimd a tiate itemcinraciocatipn of the memmorygwhitle has
MR AT AT R T[T U -,
X err] + c gndiRavHiéh’sh order of locations in which the logic succession is written differs for
10 successive logic successions.
A further improvement concerns a transmission system in which the orders are
periodically recurrent with a period of at least two blocks in which one monotonously
ascending or descending order occurs. Also the write and/or read means may comprise an
address generator which is arranged to form a linear congruential sequence with a factor and
15 a summand, and also arranged to replace the factor and/or the summand from one block to

another.

Thus information can be transmitted by the following steps
- encoding the data in an error correction code
- interleaving the data according to a pseudo-random sequence

20 - modulating the data in a series of frequency channels, data items which cannot
be corrected together being arranged in separate frequency channels by
interleaving,

- demodulating the data
- de-interleaving the data

25 - decoding the data.

Figure 5 shows an embodiment of the transmitting section according to the
invention. The transmitting section contains a data bus 70 and a address bus 71 connecting a
memory 72, a processor 76 and a transmitter 78. An encoder 74 is coupled to the data bus
70. The encoder 74 is coupled to the address bus 71 via an address generation unit 75.

In operation, the encoder 74 receives the data block and encodes it as a
succession of bits. Each successive bit is fed to the data bus 70, and the presence of the bit is
signalled to the address generator 75. The address generator 75 generates a respective
address for each successive bit according to the pseudo random sequence. The address
indicates both a word location in the memory 72 and a bit location within the word location.



where Mis the length of the address series. The factor "a" and the summand
"c" are derived fromthe factor nenory 63 and the summand nenory 65,
respectively. Between successive - series the-nenories 63, 65 receive
signal s, whereby another factor and/or sunmand is applied to the

mul tiplier and the adder, so that subsequently a different series is

generated. I n 2wosemadef the series, for exanple a=1 and c=1, PCTABYENI00SS | n
a nonot onously ascendi ng series. In thgqeother series a is then
unequal to 1 and is chosen, in a manner which is knomn per se, SO as

to generate a {@wquf ;é&ip y\“,jg“&gs&a R 164ation
a-1is a 19'ﬁ‘Ftlg(feo or pri p sharin i M:QE% 3*3*5o
then a-1 nust Wrapmmtwmcelomhondﬁhebhtm@mahdw)lp-a MSM'ﬁMfm
4 if Mis a nu red P mmg{

di fferent usab#@@éﬁﬁ&M’%@?%?%sp%ﬁmng Wc‘# s
different seri mqiacmgd:fetMewmdalowmxgmwewy larger than zero, so that logically adjacent

Preferably, th val ues d .onl'y such that (a-1) squared is
divisible by ' ﬁ,\tswpl %“ 't‘?!& B'P‘Ptal ns each prine factor of m at

| east hal f as many Tﬁemssaﬂyﬁedtsﬁbﬂaﬁfbnsaﬁ(ﬂwmimememmryna
M=675=3*3*3*5*5 a-1) could be 45=3* WO 96/ 241
PCT/ | B96/ 000643 1 oc&uo khatoorresponss the rdisgmeratedfornbyﬂleaddres gmeragrglg ‘When

general |arge %%WM%W%WWWFMMW ‘an@ 'storéiFinlthe
values of 1 to 20 only M=8, 9, 12 '%T?e 18 qua |fy) It can be proven

that, when onl| pemgry %I%Efmfnﬁls

égeaéol ?aﬁ:j\(glmsper rruq%{ %ﬁfg?s?ﬂ' J‘ﬁl e’sc%%%e ?or rru?sa er rﬂm for

X[err] + c ) nthd FWT algorithm. For this purpose a known FFT algorithm can be used, which addxesses
the word locations of the memory 72 in a normal way, i.e. without requiring knowledge of
the interleaving process. Because the bits which are logically adjacent have substantially
always stored in different word locations, these adjacent bits are modulated in different fre-
quency channels in the result of the FFT. This result is subsequently read by the transmitter
78 and transmitted via the transmission channel (not shown). '

A structure similar to that of figure 5 can be used for the receiving section,
with a receiver replacing the transmitter 78 and a decoder replacing encoder 74. In this case
the receiver writes words inmmemor_y‘nand the processor 76 performs an FFT on this
words. Address generator 75 effects the pseudo random interleaving, issuing successive
word/bit address pairs to read out the results of the FFT bit by bit for error correction by the
decoder,



5 can be realized wth an "a" value that also satisfies this condition.
Al'so it has been found that both the addresses for interleaving and
deinterleaving can then be realized with such pseuda i random
pernutations in that case. Hence no ’agiﬁgeggs—_h M 8-heeded. It has been
found that this is true only éntl@@:gﬁﬂiﬁre (a-1) is divisible by

M In this addr esses need cal cul at edﬂm%gmhl y

cal ul ati ng m&(zgirwnula Xerr] = (a Xerr] +c ) nod M Instead 10 _one

may use X[err] = X err] +v[err] mod m v[83r] = v[err]+d nod m wth
d=c(a-1), and v[err] initialized to (a-1) X[ err]+c. (Fofhieis BeeyReplaced
M= 100( =2* 26&BABMS "a" may' be chosen as 21 (a-1=4*5) and {qHIN (IR |
When the nodulus Mwith which the nmultiplier and adder oper at|{¢¥|UB &

adj ustabl e, the interleaver/de-interleaver can be sinply sw tched between
different block 15 | engths. Evidently, the

I nvention ig not res “'!ﬁ Brrmﬁtuﬁgaﬁﬁaﬂm&ﬁmg Ineth °°ﬁ‘?ﬁ§f] ,

i nstead of l(S)'perati nggvm ﬁgﬁs I't*1s al sO possl fe/% 'g"geraue, W g‘rsger
synbol s, f dsasic cyclexomprisigg she stéps ofr ror correction code is capabl e of
correcting randam and, isolated.errors in : .
random error ?“‘-_P‘ﬁ“% ﬁE qagr}?\koo# ﬁ’f‘co%}'f:&samﬁ Bf m'lwﬂ‘p%?& wgé&g&fzgﬁeh‘g&%fse,
the | ogi cI smm&aﬁdsoagﬁil st Birbrs tnxmbleepdefrbfnmdnl oﬁdem‘l lthslogiusummon' thafn
necessarily a, tenpor succession. . Bits are "|ogically successive" i

si nul taneomﬂr%‘aﬁ‘m“ﬁmm@‘ﬁ%’%@“@&w ected less readily than

si mul t aneoUsgepérmfiNPa signal tompriciak aumbes Bf SiMERANSSusly activePinb8ulated frequency
The inner frequency interleaving is a pseudo-random bit interleaving. The
25 interl chemmelfii s on a bl ock basis, i.e., the bits in each OFDM synbol

are per mut €0catefs | : S ?Q@{‘: ;ﬁ%&ﬁ; ' %a‘mver,
bits of a g?s\?m)&;g'r%oi are %?%a e ul! t Elts g‘rg?%?% Ing Trom
any ot her draghencyposition among the frequency channels, the particulap feequéncy ipositiombéing aan
OFDM synbol nsists of N useful.su Lrier . ere N |s 6361 or
5037, 1 hat PR Tabier fipcln' S oeic HEn of Heh pariales S n BRBER 08,
i nterl eavercesstont 0 decorrel ate the bits at the input of a Viterbi detector.

The (de)interl eaver cqnsi sts of, a r RA| havi ng the size of 8
T s o) 05 edIAaE S AeHERS SHanaRL i SepFARERERIBS BIGIShE rERIEVG oRe P tedaft-1
 Shde . .

bi t addr esstein3ihe pafticular bits.
The 13 nsb bits determne a particul ar subchannel, while the 3 Isb
bits det er ipartisulandata-i®M from a gi ven subchannel . Each time as

- transmitting the signal.

2. A method according to claim 1, comprising

- writing the data-items into respective memory locations in a first order of data-
items, in which first order the data-items become available during encoding;

- reading the data-items from the respective memory locations in a second order
of data-items, in which the data-items are needed according to said pseudo-random function
for modulating;

the method comprising performing successive versions of said basic cycle, in
each of which versions the logic succession of data-items and the signal are a respective one
of a series of logic successions and of a series of successively transmitted signals,
respectively, said writing of the data-items being performed in each particular version in a
respective third order of the memory locations, in which the memory locations become
available upon reading the data-items for a directly preceding version of the basic cycle,
whereby said respective third order in the particular version is permuted with respect to the
respective third order in the directly preceding version according to the pseudo-random
function.
3. A method according to Claim 2, wherein said third order of memory locations

) 0 R



WO 96/ 24196
PCT/ | B96/ 00064 10
the RAMis addressed, the m&mﬂsmﬂﬂl@m nd-jeut forwand to the

downst r eandecoder and e Enput ¥<$%ritten in the
current |ocation. At each c ‘1'0 qgcr»gns must be
addressed. The wWuowse4issb bi o Ica y el evant PEI/E9&00064
(dependent on t he nunber of bits per sy ol), while the 13 nsb bits

are generated by an algorithm 5 producing alT rel evant addresses in a

speci al sequenc §hrﬂ£i§m@ %stbs

di vi si bl e by tm%?&ﬁ esses acpenod e gener at ed [ n%ﬂﬁ@g

al gorithm i s defycleg the gesiod wontainirigoat 1@stiwosvessionsraf sharbasicosycleer

subcarrier and this algofithmjs used ti.

nunber of bi ts% éﬁ?%ﬂﬁdl tW%“w%'h%"ﬁﬁW%%&“&w
the I'sb. In thigdueef loéatiois RasSmomslorobsty idréasihg or ldietreasivigl dddbesses df muesoryl locations.

under all circunstances before the addressing unit will be in the sane
state. One way of producing a periodic interleaver

woul d be to gengrate they mmw%a&aﬁgtwmﬁddrmsﬁawuis%ﬁ;m dof exhetly
the 13 nsb bits in the OFDM synbol at tine acc%ad,lngto
x[err] = x[err]mmﬂ]ofmbwccycle, empectweﬂurdordﬁ wmmlymonotoﬂ%'&ly

with x[err] = Oas&ndﬁ@ |akarfssesl gﬁp’ﬁm*’%ﬂ‘“ to
time t. For a periodic alﬁlgter eaver, wecancoose [err] = £

ce[rr] * c[ er r | therpseutip randomefupftions | i s a j udi ci ously chosen |n|t|al
increment that gorrespondsg, 4oy according to any one of the Claims 1 to S, wherein the pseudo

random function corresponds to a non-monotonous linear congruential sequence.

7. A method according to Claim 2, 3, 4 or 5 in which the addresses of the

memory locations are calculated according to a linear congruential sequence satisfying
X,41=(2X, +c)mod M

n being the position of a particular data-item in the second order, X, being the address from

which that particular data-item is read, M being the number of selectable memory locations,

a and ¢ being a factor and a summand for a linear congruential sequence respectively, the

combination of the factor and the summand used being changed for each version of the basic

cycle.
8. A method for error protected reception of data, the method comprising a basic
cycle comprising the steps of

- receiving a signal comprising a number of simultaneously active, modulated frequency
channels, each having been modulated in dependence of at least one own particular data
item;
- demodulating the particular data items from the frequency channels;
- selecting for each particular data-item a logic position in a logic succession, the logic
position being an inverse pseudo-random function of a particular frequency position among
the frequency channels of a particular frequency channel from which the particular data-item
was demodulated;
- decoding the data from the logic succession of data-items according to an error correction
code which is more robust against errors that are separate from each other in the logic suc-
cession than against errors that occur in a burst in the logic succession.
9, A method according to claim 8, comprising

- writing the data-items into respective memory locations in a first order of data-

R )RR




the actually realized interleave depth. 20 In summary,
the invention relates to a transmssion system which conpri ses an
encoder, an inte ve’l‘hxs&edﬂmilﬂeétl& Flace® -t F ansmi_ssi-on thannel . a denpdul ator

a dei nterl eaver an D i he-»e oeler is-tisky for encodi ng a data
block in an error !‘H' %b A{@ a | ogi ¢ successi on of
data itens. Wﬁmdﬂwder er r or s PCI/BYSH0064

transm ssi on between the encoder and th §coder The error 25 correction
code is nore robust to errors which occur ™sSimultaneously and in an isol ated

and i n't ho PR ED MR B BF hp et Ropl il Romhliaiiachily 2o0vS! Y

generating a-si gnal reddingthe datasitems from therrespective memoryflocationsin/a sécondiordert o

cor 1 eapondi K guaaians, i AR e geef s e desied RS A RRL patom fnetien

I s nodul at efdy i : the respective channel. The transm ssion channel is
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10. A method according to Claim 9, wherein said third order of memory locations
periodically recur each time after a period containing a number of versions of the basic
cycle, the period containing at least two versions of the basic cycle,

11, A method according to Claim 10, wherein in each period one respective third
order of locations has monotonously increasing or decreasing addresses of memory locations.

12. A method according to Claim 11, wherein said period is composed of exactly

two versions of the basic cycle, the respective third order having alternately monotonously

ascending or descending addresses of memory locations and addresses permuted according to

the inverse pseudo random function.

13. A method according to any one of the Claims 8 1o 12, wherein the pseudo

random function corresponds to a non-monotonous linear congruential sequence. |

14. A method according to Claim 9, 10, 11 or 12 in which the addresses of the

memory locations are calculated according to a linear congruential sequence satisfying
X,+1=(aX, +c)mod M

n being the position of a particular data-item in the second order, X, being the address from

which that particular data-item is read, M being the number of selectable memory locations,

a and ¢ being a factor and a summand for a linear congruential sequence respectively, the

combination of the factor and the summand used being changed for each version of the basic

cycle.
15. A transmission system for error protected transmission of data, the transmission
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I nterl eaver realise the distribution by way of a non-nonotonous |i near
congruential sequence. 5 The transm ssi on system can be
further inproved when the interteaver and/or._.— the .de-interleaver are
provided with a nenory for the data itegRg@ndti th wite and read

means, the wite nmeans witing each tiz'e‘ a dgtm MEemin . location of the
menmory whi ch h3¥096/2419§ ust been read bef ad nmeans r e RECTABAMOVS4| t em
froma next |ocation of the nenory, andygn whi chan order of tocati ons

in which the logic succession is witten differs for My SHCrRIBLYRLQE C
SUCCEeSSi ONS.  gustern comprising A further inprovenent congmaBAIMIEIN N
transm ssion s;yst emin which the orders are peri odﬂmﬁﬁlm mnt
with a period of transoyission changel| ocks in which one nonot HHBRE

ascendi ng or deg it Mﬁb&ﬁ@ﬂhﬁ Also the wite and/or read nmeans may
conprise an a res§ gener at or ich is arranged to forma Iinear

congruenti al sequence wntencodef fort encodinglthedatacinto arlegiccucceasiorn o dataritems gpean t o

repl ace the factor and/ A

Thus i nformation can bﬁ%%ﬁ@ﬁ%ﬁ@? &gﬁ@mﬁégé%é%om a&o&g%ﬂm from
encodi ng the data in areael other inche bopic suocessiore than against errors that occur in a burst in the
I nterl eaving the data qccordi ng, to a pseudo-random sequence 20 -

nodul ating the data in*%'% %f frequency channels, data items which
cannot - a sigifal p@ietator! fofl gbMetting o/ sighal efinpisingOMsnber ofepar at e
frequency channels by | . I nterl eaving -

denodul ating the data simultaneously active, mudujatedfrequency sdata 25 -

decodi ng the data._ selecti abi ¥ %MPFEHH%SH 'c@u’ h@ﬁu
transmtting section accor n‘g?tn?)f?rhséf ﬁ.‘ﬁ%‘@' I on. e tranSmtting ency
section contains a dat &hinnel hayingaiparticulai frequenny<position among: thierfrequency channels,
menory 72, a processor o/6 ' Al ?ﬁg 74 13 C to
t he data bus 70. ‘ﬁi%@ﬁ%‘%%eﬁ%?ﬁé"géﬁﬁgﬁg £ g’ e%ﬁe@ﬁﬂ’s&ﬁl@%a

an address generati on position’6f that particular data-item in thé dogipsucedssion; t he encoder

74 receives the data block, and encodes.it as .a cgessj on of bits
Each sul:\(;essi ve bt is%@@%ﬁﬁé%ﬁ?@%?‘;&ﬂm ; rlﬁmqﬁ“{f%l@ﬁa

i's respective one of the data-items, the particular data-item being modulated in the
particular frequency channel;

- a transmitter for transmitting the signal via the transmission channel
- a receiving section comprising

- a reception input for recejving the signal from the transmission channel;

- a demodulator for demodulating the data items from the frequency channels in
the signal;

- inverse selecting means for selecting the logic position of the particular data-
item as an inverse pseudo-random function of the particular frequency position
of the particular frequency channel from which the particular data-item was

demodulated;
- a decoder for decoding data from the logic succession of data-items according
to the error correction code.
16, A transmission system according to Claim 15, wherein the pseudo random
function corresponds to a non-monotonous linear congruential sequence.
17. A transmitting section suitable for use in a transmission system according to
Claim 15 or 16.
18. A transmitting section according to Claim 17, for performing successive

versions of a basic cycle, in each of which versions the logic succession of data-items and
the signal are a respective one of a series of logic successions and of a series of successively
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signalled to the address generator 75. The address generator 75 generates a

respective addre s $10& HEAehh IePERESSi ve bit according to the pseudo
random.sequence a i cates_both a word_location in the
menory 72 and a b|t mu mm “M‘ﬁ Fhe‘;}ymrfd T ocat,r on WO 96/ 24196
PCT/ | B96/ 00064 Lo T 12 The word

| ocati on cowoespRenss to the group to V\/(]IR(EHL”E‘YTQ hit s assi goesposmosst he bit
| ocation corresponds to the |ocation of t bit within the group. The
address generator 75 ensures that bits which are logically adjacent are
substantially_ al 0, o [ “@Eg !Qgﬁ{' ns. The spaci ng of

t hese word %MW&’ %@%ﬁl@é%ﬁgé‘ an z rosén so that logically

adj acent bits wll anﬂanorypn adj acent word I ocat i ons. The
address is applied to,.the nd i s,stor.ed in th ry 72
at a locatidn that mﬁ%&%ﬁsﬁ'&%’[&ﬂ @n@?i %ﬂﬁl‘g

address gengdmdrg’ 75. \Wen the entire data bI ock has thus been encoded in
the error protecting code, and stored |n the m)mg/ t he processor .76 is
started. The procesigf meng §oreading the of\{gt‘ %‘Hpiy%"’&ry

72. For thi nMRGe4d to the nfddRtorNe words each tine as they are needed for
the FFT algorithm For this purpose a known FFT al gorlthm can be used,
whi ch addr esses t headdsess geaeratingomeans for graersting addresses for oty mﬁmgmq/mms
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word | ocat |thmendeninahepamﬂpﬂmmbn being permmeil with @etpect tolitlief respectivé omder ipuency
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transmtte
means reading the data-items in the particular version according to the order generated for

that particular version, the write means writing the data-items in the particular version
according to the addresses generated for the directly preceding version of the particular
version.

19. A transmitting section according to Claim 18, wherein said respective order of
addresses periodically recurs each time after a period of at least two versions of the basic
cycle, one monotonously ascending or descending order of addresses occurring in each
period.

20 A transmitting section according to Claim 19, said period being composed of
exactly two versions, the respective order being alternately a monotonously ascending or
descending order of the stage in the cycle and the pseudo random function.

21. A receiving section suitable for use in a transmission system according to Claim
15.
22, A receiving section according to Claim 21, for performing successive versions

of a basic cycle, in each of which versions the logic succession of data-items and the signal
are a respective one of a series of logic successions and of a senes of successively received
signals, respectively, the selecting means comprising

- a memory;

- write means for writing the data-items received from the demodulator into the
memory;

- read means for reading the data-items from the memory and for applying the
data-items read to the decoder;

- address generating means for generating addresses for both reading and writing,
said addresses being generated in a respective order of addresses for each particular version,
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78 and transmtted via the transm ssion channel (not shown). A
structure simlar to that of figure 5 can be used-for;Ihe receiving
section, with a recetver replaetfag th mgrg;m’it ters #8and a decoder

repl aci ng encoder 74. In this case th Pecelﬁ\@{gmi tes rds into nenory 72
and the processor 76 perforns an FFT op_thi — Address generator 75
effects the psSMA8E244Mdom i nterl eavi ng, issuing successive WworROTIBS6NOEH eSS

pairs to read out the results of the FFT bitygy bit for error correction by

t he decoder. - CGA M 1. o A nmet hod for
error prot ect afle bidep A" aPilcubir M,MM&M%Wb%W%% a
cycle conprising the steps of - encaoding the data into a logic

successi on of difectly preseding Nersion Aeeasding & the dRYesie Rseilo-random fignctian far the version,
e 0! 5P il 2 B ARl B0 LR b O G
successi on;  generated for that particular version, the write means writing the data-items in the particular
version according to the addresses generated for the directly preceding version of the
23, A receiving section according to Claim 22, wherein said respective order of
addresses periodically recurs each time after a period of at least two versions of the basic
cycle, one monotonously ascending or descending order of addresses occurring in each
period.
24, A receiving section according to Claim 23, said period being composed of
exactly two versions, the respective order being alternately a monotonously ascending or
descending order of the stage in the cycle and the inverse pseudo random function.
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- generating a signal conprising a nunber of sinultaneously active,

nodul at ed frequency channel s; - selecting for each particul ar
data-itema particular frequency chgnﬂeL_haV|ng a particular_frequency
position anmong the frequency channels, the particular frequency 10
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of at | east the particular data-it§ ‘215 - transnitting the signal
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third order of the -SEE}
becone avail abl e upon readin cedi ng
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2 with respect to the respective third order in the directly preceding
version according to t he pseudo-random functi on. 2. A
net hed—-accordiRrg—+o—Gai m-L—wher eip—sai-d t hi+~d—erder—oef—nenoOry
| ocations periodically recur each tinme after a period containing a nunber
of versions of 5 the basic cycle, the period containing at |east two

ver si ons of W0I962418&i c cycl e. 3. A net hod accBFHIBEeR064 Cl ai m
2, wherein in each period one respectlve third order of |ocations has
nnnotonously i ncreasi ng or decreasing ad ses of menory | ocati ons.

4. A met hod according to Clal wherein said period is conposed
of 10 exactly two versions of the basic c I the respective third order

having al ternately nonot onousl v _ascendngvY®r descendi ng addresses of
menory | ocations and addresses pernmut egd according to the pseudo random
function. 5. . ogny one of the Cains 1 to
4, wherein the pseudo 52 g98 0 a non- nonot onous

| i near congruential sequende. 15 6 ge according to Claiml1,
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and c being a factor and a summand forl a Iinedr congruenti al i uelce
respectively, the conbination of the flastet=add t he sunmand i ng

changed for each version of the basic cycle. 7. A et hod
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- denpdul ating the particular data items fromthe frequency BERLAGEMENT SHEET
selsecting for each particular data-itema logic position in a logic
succession, the logic 30 position being an inverse pseudo-random function
of a particular frequency position anﬁng the frequency channels of a
particul ar frequency channel from which the parti culfa = Wa
denodul at ed; - decoding the data fromthe |ogic sucdeégﬁgkﬁyt&ﬁngwﬁﬁ
data-itenms dele®M8ng to an error
3 correction code which is nore robust against ernrorls  BafAPRr1897
separate from each other in the | ogi c succession tHan against _errofs
that occur in a burst in the | ogic succession. t he fmet hod conpri sing
furthernore - witing the data-itens into resgective nmenory
| ocations in a first order of data- 5 itens, in which first order the
dat a-i tens becone avail abl e from denodul ati ng; - readi ng the
data-itens fromthe respective nenory |ocations in a second order of
data-items, §.n whi ch Ah@ettiad for éresreprafetted eRdafission of datagtHeanéthbdl comprising
pseudo-random function for decoding; t he met hod
conpri sing Rebasisr aclecomprisingstho stepepEi ons of said basic cycle, in 10 each
of which versj | Lan.: of o |- re a
E éne&gﬁéﬁgef Jlagzg Inito 3 16¢1€ §§<}c§§fo§1 %td&tt&té&?%ax?@xgo{) E&ré&lgﬂ 2hdé

respective eries®o uccessions an a series of

successi vel ywhickaiswbiel ©bus iagfiastserrors that bRSRPtateVRbM, caslfbtheiMr thenggief t he

data-itens being perforned in each particular version_ in . a respective

third ord@r syecefsien MBRGRYNFIFEERTS G1b OCGUs VA ASIHIAheniOBisy SiCPesiari ons

\tjgrcg{fgna‘é?' 't-%h&atb?é)& sIgnat sy £ahAodd G EmliineBud) h&fk! YoRLERRA! N9
frequency channels;

- selecting for each particular data-item a particular frequency channel having a
particular frequency position among the frequency channels, the particular frequency
10 position being a pseudo random function of a logic position of that particular data-item
in the logic succession;
- modulating each frequency channel in dependence of at least a respective one of the
data-items, the particular frequency channel being modulated in dependence of at least
the particular data-item;
15 - transmitting the signal,
the method comprising furthermore
- writing the data-items into respective memory locations in a first order of data-
items, in which first order the data-items become available during encoding;
- reading the data-items from the respective memory locations in a second order
20 of data-items, in which the data-items are needed according to said pseudo-random
function for modulating;
the method comprising performing successive versions of said basic cycle, in
each of which versions the logic succession of data-items and the signal are a respective
one of a series of logic successions and of a series of successively transmitted signals,
25 respectively, said writing of the data-items being performed in each particular version in
a respective third order of the memory locations, in which the memory locations
become available upon reading the data-items for a directly preceding version of the

basic cycle, whereby said respective third order in the particular version is permuted
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15 basic cycle, whereby sa.igfisrﬁgp_ea‘i ve third order in the particular
version is permted.— -—wWTH grti to the respective third REpEERED
directly precedin a4 i Hhthg ‘é‘{);%ﬂﬁ gio t he inverse pseudo-ra‘“ﬁ%u(f)%",t §§EET

function. 8. r_reé{] ccording to Claim?7, wherein said
third order of nmenory 35&@%3@ on eri@dically recur each tine after a
period containing ainunber of v Long of 20 the basic cycle, the period

! inaké direotlyl preceding @rsion according to A
nmet hod according to t'n each period one respective

tghrd orderfﬂéﬁpﬂeé Sli®bnot onousl y i ncreasi ng or decreasing

addr esses of, menory | : o enl @G AGR&GRSHNG tO
Claim9, vvhgr‘ ei n sai dAprg%tﬁé&é%{acé%?@g%oogé%molr ”&'%“e‘gi%‘gﬁf‘ggt Wo vdgr Si o(%g of the

basi ¢ cycl e jodatieny gl eeduicach Gmdarftehaperiod abrteiningtaehymber of versiansrfus| y
ascendi ng or descendi ng addresses of nenory | ocations n% addr esses

per mJL eg §cdhe basigyeyxcle, tthe perdbeadaipas b astNgorer Hionscef tgﬁ. asiC Cyqq-

A et hod accprding to : | 7 ' o]
random f unct%? on corr eé@@%ﬂ 5835'? %C%gdlhgﬁq %‘ﬁ’lg{% n“gtljésr&f‘ ﬁﬁgaéérlmgéorﬁig po uﬁgﬁfg?ﬁaéfw
sequence. 3Ghird 3rder of locations HasrRédotshoaslg dnaeasingt or ddcaiasing addreses of meMary

whi ch the addresses of the menory | ocations are cal cul ated according to
a |)I negr congfatienti al sequence sati sfying Xerr]=( a Xerr] +
C nod M n bei ng,t L] : t ar Al t | second
order. X[ er rd]' bei ng tﬁexlﬂgtggc? ggés?'r(ﬂﬂg o ChiRd iR saldBdeRiol li® BbPosed Bf

4 10 exactly two versions of the basic cycle, the respective third order having alternately

contai ni ng atith Resdctit

monotonously ascending or descending addresses of memory locations and addresses
permuted according to the pseudo random function.
5. A method according to any one of the Claims 1 to 4, wherein the pseudo
random function corresponds to a non-monotonous linear congruential sequence.
15 6. A method according to Claim 1, 2, 3 or 4 in which the addresses of the
memory locations are calculated according to a linear congruential sequence satisfying
Xp1=(aX, +c)mod M
n being the position of a particular data-item in the second order, X, being the address
from which that particular data-item is read, M being the number of selectable memory
20 locations, a and c being a factor and a summand for a linear congruential sequence
respectively, the combination of the factor and the summand used being changed for
each version of the basic cycle.
7. A method for error protected reception of data, the method comprising a
basic cycle comprising the steps of
25 - receiving a signal comprising a number of simultaneously active, modulated frequency
channels, each having been modulated in dependence of at least one own particular data
item;
- demodulating the particular data items from the frequency channels;
- selecting for each particular data-item a logic position in a logic succession, the logic
30 position being an inverse pseudo-random function of a particular frequency position
among the frequency channels of a particular frequency channel from which the
particular data-item was demodulated;

- decoding the data from the logic succession of data-items according to an error
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fromwhich th t partidgu,l{am‘ﬂéﬁa;iiti‘é'ﬁﬁ“iﬁs read, M being the m
sel.ect abl e nenory l.eeatons,; a ahdjc being a factor a nSHEEcIr
a | inear congruential is quﬁlgcg?i% %97 r espectivel y, the conbination of the
factor and the sunman et bel ng chahged for each version of the
basic cycle. 5 13. ransmit t3 ng section for error protected
transm ssion of data, }he transm.tidi ng section conpri sing -
an encoder fofreetivioehda e 1Bl agaihStGHrfors URE afSicphratf fromt each EHEB int N
an error correction code which is_nore robust against errors
that are seph® }gic sycgession than against errggsciHalgiogul in 4 burskin Hgilesis JUEeSon t han
agai nst err . in the 10 | ogi ¢ successi on;

- a signal géig%g@ng%ﬁﬁ)gfsﬁlgﬁgﬁggﬁ%éa signal conprising a nunber of

si nul t aneousl y aciritigg th®dathaded ihtoasspRbee @BaBRLloBations in a first ordersef &d-i ng
means for selecting for_each particular data-itema particul ar _fr?quency

. »

channel haviiggsa ip¥highclinsherder Budatacijepobscomshvaiahie) foRedgm y
channels, 15 _ i (AN 1Lk on..heid

Fandom f unt i an_ ofeedinecl dRAlens it ohd RERGY sRATY 100 Hth SpRFURRr

dat a-i t em i roftdae-itegy, dn SWGEleHe idataritems are needed-acord@ub ahidrpstado-rmdothat i ng
each frequency channel in dependence of at |east a respective
one of the durctiontfendecodid; parti cul ar data-item bei ng nmodul ated in the
particul ar frequegey, chan Q&E?riﬁﬁ)% perforning sv?cc{:{%%%sti&ﬁ.r?ﬁ Qld bR A N9
the signal via thé transmsston anne e transmiting section
perform ng sacicefwhich vepsicisohs 1adic fudoassion of Wataeiterarrinibhb siinal are adespdotive
versions the logic succession of data-itens and the signal are a_ respective

one of Hne &f jacseriey of logiccsuserssiensanshefl & prries fof guecassively yansmitied signals) y
LSl oo SRR, wid wHERPBE VLB R bR MSREpATREL SO TH

| ogi ¢ successregpectivd thitdngrder of themMdnyory locations, in whichdtheemgisoriydocatieagli ng t he
data-itenms fromthe nmenory and_for a}{) | ying t data-itens read to the
that aE’gl

. he . :
modul at or ; $gcome availablgqipen Jeakinge tomsafos ardirecty Rescading yersinl sthes for
both reagsng,gudydt! {hBRby said respective third order in the particular version is permuted

with respect to the respective third order in the directly preceding version according to
the inverse pseudo-random function.
8. A method according to Claim 7, wherein said third order of memory
locations periodically recur each time after a period containing a number of versions of
20 the basic cycle, the period containing at least two versions of the basic cycle.
9. A method according to Claim 8, wherein in each period one respective
third order of locations has monotonously increasing or decreasing addresses of memory
locations.
10. A method according to Claim 9, wherein said period is composed of
25 exactly two versions of the basic cycle, the respective third order having alternately
monotonously ascending or descending addresses of memory locations and addresses
permuted according to the inverse pseudo random function.
11. A method according to any one of the Claims 7 to 10, wherein the pseudo
random function corresponds to a non-monotonous linear congruential sequence.
30 12 A method according to Claim 7, 8, 9 or 10 in which the addresses of the
memory locations are calculated according to a linear congruential sequence satisfying
Xpr1=(aX, +c)mod M

n being the position of a particular data-item in the second order, X, being the address
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sai d addresses being generated.in- pective order of addresses for each
parti cul ar versi dn ...}_,ﬂ_eu_gy:h.qigrgiﬂEETt e particul ar version BEPHD
with respect to the re§ ecflve..—efder in a directly preceding version

according to the pseudotra f titon for the
5 version, the §ehd} E%ﬁ?@ %ﬁg diin
2

the data-itens in the particular
version according to th or-gder~generated for that particul ar version,
the wite neaaswiMchtthftariicldodateitdR B rdad, MBeing the MAiber Of lselectylsle Shéory
according to the addrgsses-gererated—f0Or the directly preceding

version of iasatignss 8jasdicdreinger Sactr. ands supymand for a linear gongruential fegnengesect i on

6. a non- mofPREY: t byl ot ine P Gl 5 lRmand ulel Beldg hafighd 5705

transmtti nga@e@giamgamﬁicr@cko Claim 13, wherein said respective
order of addresses periodically recurs each tine after a period of at |east

two versidnd3. of AHengaising septipm forameor mspisetoh dassmister ehdatagthsr
descendi ng - Of esses.10 occurring in each period. 16.
A transm ttl?Ir &ilg&gi s%g&g"cg%s%ils#bg to Claim15, said period being conposed

of exactly two veinsémebger foPendodfpeaht idy@ iftotdelogheduagessibh of @afasiensdin an
nonot onousl y ascendi ng or descending order of the stage in the cycle

and the pseudo r &EBROrIgAEQN enfle which isymore robust againgt eress ihat ATP srpeRateffomor
receiving error RLgh Shpth 2! Beic MGl SGPINMh Nitd SREL UM GEAMRA bHuRd in the
- a reception inpu or receivrng € signal®Trom the transm ssion channel ;
- a denotlul ator flegicdacoessib@t i ng the data items fromthe frequency channels
in

1

a signal generator for generating a signal comprising a number of
simultaneously active, modulated frequency channels;
- selecting means for selecting for each particular data-item a particular frequency
channel having a particular frequency position among the frequency channels,
15 the particular frequency position being a pseudo random function of a logic
position of that particular data-item in the logic succession;
- a modulator for modulating each frequency channel in dependence of at least a
respective one of the data-items, the particular data-item being modulated in the
particular frequency channel;

20 a transmitter for transmitting the signal via the transmission channel

the transmitting section performing successive versions of a basic cycle, in each of
which versions the logic succession of data-items and the signal are a respective one of
a series of logic successions and of a series of successively transmitted signals,
respectively, the selecting means comprising
25 - a memory;
- write means for writing the data-items from the logic succession into the
memory
- read means for reading the data-items from the memory and for applying the
data-items read to the modulator;
30 - address generating means for generating addresses for both reading and writing,
said addresses being generated in a respective order of addresses for each particular
version, the order in the particular version being permuted with respect to the respective

order in a directly preceding version according to the pseudo-random function for the
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of the basic cycle, one monotonously ascending or descending order of addresses

10 occurring in each period.
16. A transmitting section according to Claim 15, said period being composed
of exactly two versions, the respective order being alternately 2 monotonously ascending
or descending order of the stage in the cycle and the pseudo random function.
17. A receiving section for receiving error protected data, the receiving

15 section comprising

a reception input for receiving the signal from the transmission channel;

- a demodulator for demodulating the data items from the frequency channels in
the signal;
- inverse selecting means for selecting the logic position of the particular data-

20 item as an inverse pseudo-random function of the particular frequency position

of the particular frequency channel from which the particular data-item was
demodulated;

- a decoder for decoding data from the logic succession of data-items according
to the error correction code.

25 the receiving section performing successive versions of a basic cycle, in each of which
versions the logic succession of data-items and the signal are a respective one of a series
of logic successions and of a series of successively received signals, respectively, the
selecting means comprising

- a memory;

30 - write means for writing the data-items received from the demodulator into the

memory;

- read means for reading the data-items from the memory and for applying the
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data-items read to the decoder;
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data-items in the particular version according to the addresses generated for the directly
preceding version of the particular version.
18. A receiving section according to Claim 17, wherein the pseudo random

10 function corresponds to a non-monotonous linear congruential sequence.
19. A receiving section according to Claim 17, wherein said respective order
of addresses periodically recurs each time after a period of at least two versions of the
basic cycle, one monotonously ascending or descending order of addresses occurring in
each period.

15 20. A receiving section according to Claim 19, said period being composed of
exactly two versions, the respective order being alternately a monotonously ascending or

descending order of the stage in the cycle and the inverse pseudo random function.
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