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SI GNAI ., S FROM MODULATED DI A TAL SI GNALS The i nventi on
relates to a nmethod for deriving parasitic signals
fromnodul ated digital signals, with each signal being
determ ned by neans of a nodul ati on schema fromthe
digital data to be transmtted and with the nodul ated
digital signals received at the receiver end
containing parasitic signals in addition to the
Desceprgmi t t ed, nodul ated digital signals. A signal in
the technical tel econmmunications sense is a physica
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information, with it being possible to distinguish

bet ween anal og signals and so-called digital signals.
Wth an analog signal, the information in the signa
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brought to a digital, i.e. accountable, form which
nmeans that generally the information is converted to
A diigjadl idathebyeahdiqHl \tced@nnbaney el ont hgeganvigr si on

of .an_anal og, physical quantity %e. . electrical
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sdWerl ¢ak signal can become the carrier of information, with
it being possible to distinguish between analog signals and

so-called digital signals.

With an analog signal, the information in the signal is
contained in the amplitude. If, however, essentially only a
finite number of values is assumed for the physical quantity,
in the extreme case for example that can be only two values
such as “on and off”, “0 and 1%, etc., the signal is also
known as a digital signal. Digital signals that are obtained
by “digitization” form an initial basis for these digital

signals.

Digitalization enables, for example, information such as text,
picture, sound, etc. to be brought to a digital, i.e.
accountable, form, which means that generally the information
is converted to digital data by a binary code. However, the
conversion of an analog physical quantity (e.g. electrical

voltage, brightness, pressure, etc.) to discrete numerical



2 values that can be digitally represented is al so
called digitization. Digital signals (digital data)
that can be transnmitted via a transm ssi on channe
(e.g. lines, air interfaces, etc.) can be transmtted
only over short distances as "square waves" by neans
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In contrast, analcg signals can also be transmitted over
greater distances depending on the particular frequency.
Therefore digital signals are mapped, using digital
modulation, on analog signals, that are also known as a
carrier frequency or carrier. Sinusocidal oscillations are

mainly used as the carrier freguencies.

As part of this process, an instruction, called a modulation
schema, by means of which the digital signals or digital data
can be modulated on the analog signals or carrier freguencies,
is supplied by the digital modulation. Furthermore, a
distinction is made between different methods of digital
modulation, for example, amplitude modulation (ASK}, frequency
modulation (FSK}, phase modulation (PSK), quadrature phase
modulation (QAM), etc.



Wth anplitude nodul ati on (ASK), the anplitude of a,
nmostly hi gh-frequency, carrier frequency is changed
dependi ng on the (useful) Signals, nostly
| ow-frequency, to be transmtted and nodul ated. Wth
digital anplitude nodul ation the carrier frequency is,
for exanple, switched on and off on the transm ssion
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transm ssion nedi um used (copper cable, coaxial cable,
air, etc.) and a bandw dth. The signals generated by
the respective digital nodul ation, that are derived
fromdigital signals or digital data, can also be
desi gnated as nodul ated digital signals.



During the transm ssion, these nodul ated digital
signal s can be negatively influenced by parasitic
signals. Such parasitic 54signals, by nmeans of which
the transm ssion of (digital) information or data
mapped in a nodul ated digital signal is inpaired, are,
for exanple, noise or interference Noise is severa
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Depending on the modulation method or modulation schema (e.q.
amplitude modulation {ASK), frequency modulation (FSK), phase
modulation (PSK), quadrature phase modulation (QAM), etc.), it
is then possible to transmit a specific data rate via a
specific transmission channel characterized by the
transmission medium used (copper cable, coaxial cable, air,
etc.) and a bandwidth. The signals generated by the respective
digital modulation, that are derived from digital signals or
digital data, can also be designated as modulated digital

signals.

During the transmission, these modulated digital signals can

be negatively influenced by parasitic signals. Such parasitic



6 between two frequencies fromwhich a specific
continuous cohesive frequency range, i.e., a frequency
band is formed is in this €ase known as a bandwi dt h.
Interference in satellite communi cation can occur, for
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digital signals, and the quality of the transmitted, digital

data can be substantially impaired.

Particularly with radio technology, interference, that can
alsc include noise, is a widespread problem if this
interference, for example, also occurs within a freguency band
of the carrier frequency or carrvier frequencies, with the
range of the electromagnetic spectrum used for technical
communication being regarded as the frequency band to which an
electromagnetic wave (e.g. carrier frequency) is assigned

according to its frequency and wavelength. The difference



The reference signal in this case is obtained at the
receiver end fromthe denodul ated digital data, with
t he denpdul ated digital dafa passing through a filter
whi ch, normally, sinulates the transm ssion path, i.e.
the reference signal is therefore the output of a
filter that, for exanple, is a conbination of a filter
betwedhatwd sf usedeatiast fansnivhtet endpduiifng thetinuous
h denvgulation, and a denodul ation filter thgi, ‘
CORSS LT r e5PORTRCY o £HECT i Ft &r - uSed *FOFCHENOBANS! i'6n FOFTERk 18
in thi®duhaéedndigi hal ashgnal:aknt henkeeebyehcendy theel1ite
nmeasured i nput signal that is also obtained fromthe
commuip pf @k eptecsgpafirs absocasnedseddirs thengambglrator
ing:filte [ ing. filt far _.
satel D L B0 bbb b s Yo Ehe  denodar SECGH i edonate
or an Thhsubeanszéhat rahenieaboul athngahbheceseer, veet afrtier
respective signal js filtered both for deternining the
frequengpancd %ha%% OLRArWhEANRBEASTLPARE tRe Ji- npEt 98PRGRENY
satel M Ehery QEnsEgNahsmaEched HLLESLS o F%Ea@%‘é%ca ignals,
(mat ched) transm ssion function so that an adgltlve
e.g. distuibedntesetul 3 Sigaakncanbbaddehect éd assreinicabloy a

. as_possible _are nornall sed.as_ denodul ation filter
i ere R RSt e vEF=BRGTo Ernir i enr CRLG Prrt G Stalsht iy
transEONSEnh I at edo@nl khedbangwkdithsehnkhe regéhak Gah@hcy
frequency, or regular carrier freguencies, and active
band. oppyriart heeareacorst hBasi gingl useat EorBahgpagansmission
L r 0 , I.C rasiti
of sighalll B 8 OrrENATNET, Pt R et aleg S T REH 32l gy, known
as regl:batatasrinal Srageesuppsesied, rasecbrtequentliy dsednasicy
band d@nndulation filters. = B Because filter, .in which,
and. {7 T Bk Ghpf B IERBSE FANSRPESFRA SPundfirofi X6 e Parasitic
signa9empgutabheBnki! behdkSnbRCcaLRILALEd tof ithigl S ROt tfR& req,
reference signal and the nmeasured input signal before
can alpe eal cavarted of nha-eptbrrigetiopr theudnogrl agect@rrier

- is.also influence is fiJdtering. FEurthernpre, .it.
treaut S PREont Bhohf DR Bet ot aarait SGUEULY: RAP Har dAtEid Ui
signaBé gnalishwhesenbandwirdhihe, arannal seorphetelry cddult hdtheen
.frequency band of the regular carrier frequency or,
carrigprifefuepegiiénefes AF8JIRRE6YI APFGended By-afpde with PSK.
filtering and therefore can only be determned to a
limted degree, if at all, wth the help of the error
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9 the nethod described in docunent US 2003/0165205 has
di sadvantages simlar to an estimtion of parasitic
signals using an error vector calculation. The
filtering causes significant parts of the spectrum of
a parasitic signal, for exanple, to be cut off, which
nmeans that only those parasitic signals can be
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according to the invention is that the parasitic
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. influenced by filtering, e.g. by a signal-natched
Thist MEEEHISOEN Tdd IR dOTDGHAERLGH AlSCe COESREE 51t t e Hehe
demoBB38LYEE €Rd tRel T her; o he . L0 mgceiyed, maW ated ny the
digital signals nor signals fromthe reconstruction of
errorhegettans et a¢spedifliated idingilt dls diignalredgdss it hfough
deteamgkLkert'n th%h, forsex%pﬂ]e,({h&)transnission
FUAGEPENOF £hECAERSEuSaE S A% &9 oottty input
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transmission functicn so that an additive disturbed (useful)

signal can be detected as reliably as possible are normally
used as demodulation filters at the receiver end. A signal-
matched filter is mainly concentrated on the bandwidth of the
regular carrier frequency, or regular carrier frequencies, and
active only in the area of the signal rate. Bandpass filters,
for example, by means of which parasitic signals outside the
frequency band ¢f the modulated, digital signals are

suppressed, are frequently used as demodulation filters.



In addition, the nethod according to the invention can
be advant ageously used for the derivation of parasitic
signals not only with lineér digital nodul ation, such
as PSK, Q PSK, QAM etc., but instead generally for
digital nodul ation. To achi eve the objective, it is
provided that at the receiver end the transmtted,
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beingafafar ABLELS1hecause this approach takes into
gac?:ountHFhat the nodul ated digital signals smor each

of the nodul ated, digital signals sm correspond(s) to
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the error vector can only be used with linear digital
modulation methods such as PSK, Q-PSK, and QAM, etc. for the

derivation of parasitic signals.

Document US 2003/0165205 Al describes a method and a device
for measuring and demodulating interference contained in a
digital carrier. With the method described, the interference
is determined with the aid of an error vector that is
generated by a blind equalizer demodulator. With the method
described in document US 2003/0165205 Al, the received
signals, on the basis of which the error vector is calculated
and the interference thus determined, also pass through a
filter in the receiver. Furthermore, digital signals generated
from the received signals are again filtered in order to limit

these to the bandwidth of the signals in the basic band. Thus,



The received signals sr, in particular, can be shown
as s, = AsmCmt - td) + sa, (t), with A designating
t he attenuatlon of the trafsm ssion channel, c the
digital data to be transmtted, td the tine delay of
the transm ssion channel and sa, (t), the parasitic
signals, and with, at the receiver end, the

the meebeﬁsﬁeactﬁbﬁdoﬁntHecpmengnﬂﬁté@oﬁd@m&ﬁ&ﬁi(ﬁqﬁtaj
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Cdrrl@gceyggu@ﬁcggg parasitic signals. For this purpose, it
can furthernore be advant ageous if an estimation of

the parasitic signals ea is determ ned according to
The oEFSo%oégukﬁe }%v§§glon is therefore to provide a method

that enables all parasitic signals that influence a
transmission of modulated digital signals to be derived,
including those that do not lie fully within the frequency
band of one or more regular carrier frequencies of the
modulated digital signals and that can be used not only for

linear, digital modulation methods.

The object of this invention is achieved by a method of the
type mentioned in the introduction, with the transmitted,
modulated digital signals being reconstructed at a receiver
end, these reconstructed modulated digital signals then being
subtracted from the received, modulated digital signals and
the parasitic signals being then estimated from the results of
the subtraction but without influence due to the prior

filtering at the receiver end.

The main aspect of the proposed solution acceording toe the
invention is that the parasitic signals, especially those
parasitic signals the bandwidths of which do not lie fully
within the frequency band of the regular carrier frequency or
carrier frequencies, can be estimated without being influenced
by filtering, e.g. by a signal-matched filter such as the

demodulation filter, because at the receiver end neither the



sQu) with sa designating the parasitic signals, the

m nuend of the subtraction a proportion of the

recei ved nodul at ed dlgltal(%lgnals sr, the subtrahend

of the subtraction the reconstructed, nodul ated

digital signals m and with so(t) approaching zero
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a second nethod step 2, a nodulated digital signal sm

is generated by digital nodul ation (e.g. PSK, Q PSK
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S|gnals sm in this case corresponds to specific data

c, with it being possible for the nodul ated digital
v acf 08! 8 b B TR 1ot BB RO S SEETNE e v
end the transmitted, modulated digital signals are
recenstructed on the basis of the values, determined at the
receiver end, of the digital signals to be transmitted,
because in this way a modulation of the digital signals at a
transmitter end, i.e. a conversion of the digital data into
modulated digital signals at the transmitter end, can be
replicated at the receiver end and thus, from the
reconstruction of the transmitted modulated digital signals a
good estimation of the modulated digital signals sent by the

Lransmitter can be obtained.

It is advantageous if at the receiver end during a
reconstruction of the transmitted, modulated digital signals,
influencing parameters of a transmission channel such as
fading of the transmission channel and/or a time delay through
the transmission channel can be taken into account because the

received, modulated digital signals can also be influenced by



for a time characteristic and it being assuned that
the signals snmr(c, t) are, for exanple,
interference-free or ideal. fn a third nmethod step 3,
the nodul ated digital signals snd(c, t) are converted
to a transm ssion frequency before transm ssion, i.e.
the signals sm(c, t) are converted froma carrier
equenc t hat nornall lies . in the band
par%ﬂ? Jdﬁéﬁévfr ﬂﬁﬂr 7ﬁ9Q§Eﬂﬂsﬂ) |ﬁ%(ﬁf“?QP%Flﬁn'
tlmdﬁdﬁﬂﬁyenknﬁarrler frequency (e.g. in the case of radio
technology to the radio frequency). In a fourth nethod
step 4, the nodul ated digital signals sm(c, t) are
with faegxtereﬂsa@& taeed,e\@@nﬁeﬁtr wasi g shangel (
alr interfa etc.) to a receiver. Durlng
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Smi being shown as 8y = Asy (&, t ~ fg), with A designating

the estimation of the attenuation, & the values, determined at

the receiver end, of the digital data to be transmitted and {4
the estimation of the time delay. In both representations
therefore, the corresponding digital data and the influencing
parameters of the Lransmission channel, such as attenuation
and time delay, are advantageously taken into account.
Furthermore, the representation of the received, modulated

digital signals s, also takes account of the parasitic signals.

For this purpose, it can furthermore be advantageous if an
estimation of the parasitic signals &, is determined according

to the formula



In a sixth nethod step 6, the received nodul at ed,
digital Signal sr is denodulated. During this process,
estimations a for the digital data c, A for the
attenuation A of the transm ssion channel and id for
the tine delay td through the transm ssion channel are
determned in a seventh nethod step 7 by a denodul at or
bl ock fromthe i-th ;ransnitted nodul at ed, digital

signal sm that-i;s.CONL Al ped-imn afﬁg” “ﬂek yed and
attenuated formin ?g i ) T Z th met hod

step 8, a reconstruepkenmii——~eﬁfﬂhe~9pansn1tted

nmodul ated digital signal sm i$“erived from t hese
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subtraction, an estimation a of the gara5|t|c S|gnals
aPPYRIFP VHE FHex R sPRlet RYFFAREDY ndd? t BhY hofreB Rbdiet épn -

Thléiké§¥é%é%55k£6hEbfckﬁ%”é%trma@""£C®§ thd4pafesitfd: Lignals
prov1des an eqguaticn from which, in a simple manner -
iteratively i1f need be, the parasitic signals, or at least a
very good estimation of the parasitic signals, can be derived
on the basis of which the parasitic signals can then be

demodulated and/or identified.

The inventive method is explained in more detail in the
following using an example and with reference to the

accompanying figures.

Figure 1 shows an example of the sequence of the method for

deriving parasitic signals from modulated digital signals.

The method begins with an initial step 1. In & second method
step 2, a modulated digital signal s, is generated by digital
modulation (e.qg. PSK, Q-PSK, QAM, etc.) from digital data to
be transmitted, by using a modulation schema. In doing so, for
example, the modulated digital signal s, can be represented as
a linear combination of N signals Spi, Sme, ..., Swm With a
specific modulated signal s, being determined by an index 1 =
1, 2, ..., N. Each of the modulated digital signals sm in this
case corresponds to specific data ¢, with it being possible
for the modulated digital signals s, for example, to be also

represented as functions spi(c, t) with the parameters ¢ and t



(f) No filter transm ssion function is incorporated in
this formul a because at the receiver end neither the
recei ved nodul ated, digitall3signal s, nor the
reconstruction 'Tai of the transm tted nodul at ed,
digital signal sm passes through a filter in which,
e.g. the transm ssion function of a 15 denodul ati on
for o iYier abweraveteohied ifd laret "1t sod nopryonated. tie wvat ue

. f the difference so(t) furtherpore approaches zero ,
S19m4E5 oo it cosl B st hetOP KEcur B F CRRF SCRF SeEduPe beal-
the nmethod steps 5 to 10 can be repeated for al
nmodul ated, digital signals sm accordingly and in
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estijmations 6, A and id are found. It nust he pointed
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wth a different index i. Therefore, the constants c,

carrigraddeageasy tive destimdtionm ahearfeofadimulecitid¥eyy to the
radiaMﬁygq%%%Qggp to the index i.

In a fourth method step 4, the modulated digital signals sg(c,
t) are then transmitted via a transmission channel (e.g.
lines, air interface, etc.) to a receiver. During this, the
signals sp(c, t) are influenced depending upon the
transmission medium used (e.g. copper cable, coaxial cable,
air, etc.). A time delay tgq or attenuation A, which is
understood to be an unwanted energy loss of a signal during a
transmission from a transmitter to a receiver, can occur
through the transmission channel. Furthermore, disturbances
such as neoise, interference, etc. of the signals supi(c, t) can
occur during the transmission of the modulated digital signals

Smi(cr t) .

In a fifth method step 5, a received, modulated digital signal
sy 1s, at a receiver end, converted downwards from the
transmission frequency, to the baseband of the carrier
freguency for example. The received, modulated digital signal
Sr in this case also includes, in addition to the transmitted,
modulated digital signal sg;(c, t) with the index i, with this
signal sy, having been influenced for example by attenuation A
and a time delay tg of the transmission channel, parasitic

signals s’, (£). At the receiver end, the received, modulated



After the reconstruction of all N signals sni these
can then al so be subtracted fromthe received,
modul ated digital signals 5t. Fromthis difference, an
estimation a of the parasitic signals can be
determ ned, e.g. according to the general fornula: ga
=s" +l Aiss(cot -(13- As""(oot - v=1 "CO so(s)

digital signal s, k can, for example, be represented by the

formula s, = Asp(c, t — tg) + 87 a{t).

In a sixth method step 6, the received modulated, digital
signal s, is demodulated. During this process, estimations &

for the digital data <, A for the attenuation A of the
transmission channel and f, for the time delay ta through the

transmission channel are determined in a seventh method step 7
by a demodulator block from the i-th transmitted modulated,
digital signal sy that is contained in a time-delayed and

attenuated form in the signal s,

In an eighth method step 8, a reconstruction Sy of the

transmitted, modulated digital signal s, 1s derived from these

estimations &, A and f,. The reconstruction S can, for

example, be described by the formula Sy = Asw (&, t - f,}. In a

ninth method step ¢ the reconstruction 8§, of the transmitted,
modulated digital signal sp; is then subtracted from the
received, modulated digital signal s, converted to the

baseband.

By means of this subtraction, an estimation §,; of the
parasitic signals with the index i is determined in a tenth

method step 10 according to a formula:

Sai = \‘_(4511?1 (Cﬁt - tu‘) —As
ot}

(c“,t""t“:)J“{’“S:n

i

No filter transmission function is incorporated in this
formula because at the receiver end neither the received
modulated, digital signal s, nor the reconstruction 8. of the
transmitted modulated, digital signal sm; passes through a

filter in which, e.g. the transmission function of a



with zero being approached with increasing estimation

quality so(t). This fornmula for the estinmation a of

the parasitic signals alsol%ncorporates no filter

transm ssion function of a denodul ation filter because

nei ther the received, nodul ated digital signal sr nor

the reconstruction '8m of the transmtted nodul at ed
demoddigttiah sigpak sm “passesdt Hrowgh~a ifd littefodgondtich. The

0.g. the transm ssion function of a denodul ati on ,
valuet P%t eheofl AT eRBRERedo f ) t ERTCRSINAES pBPAPEGSFh&SrC with

incre%?%é&?&k@@mét?gntQ%cﬂ@ Lasitic signals is therefore

se not influenced by 16 filtering and therefore
sui table, for exanple for identifying interference
17 . Cd ai ns

rom ynaut h ed c freguenc
This ﬁﬁ?ﬁgguFSr geFﬁ§i ﬁ%égﬁa§FFP§ §'§ﬁh f?%ﬁnQﬁxﬁﬁQﬁaﬁfd for
all modulated, digital signals s, accordingly and in doing so
the corresponding reconstruction S, can be found. The
demodulator block in this case must be set so that the

respective modulated, digital signal sy is always demodulated,
in order that the assocciated estimations &, A and ﬂ, are found.

It must be pointed out that e.g. the constants ¢, A and tyg and
the estimations therecof can differ for each signal sy with a
different index i. Therefore, the constants ¢, A and tyg and the

estimations thereof should differ with respect to the index i.

After the reconstruction of all N signals s,, these can then
also be subtracted from the received, modulated digital
signals s,. From this difference, an estimation &8, of the

parasitic signals can be determined, e.g. according to the

general formula:s -5-%§:A,mxc“t fu)— A,micnt—ﬁﬁ)

Aoi(f)

fuz’)

with zero being approached with increasing estimation quality
sg(t). This formula for the estimation 5. of the parasitic
signals also incorporates no filter transmission function of a
demodulation filter because neither the received, modulated
digital signal s, nor the reconstruction 8. of the transmitted
modulated digital signal s, passes through a filter in which
2¢.g. the transmissicn functio £ a demodulaticn filter or a
“matched filter” is incorporated. The estimation §; of the

parasitic signals is therefore likewise not influenced by



digital signals, wth each signal being determ ned
fromdigital data to be tr gsnitted by using a

nodul ati on schema (2) and wth the nodul ated digital
signals received at a receiver end al so containing
parasitic signals in addition to the transmtted

. modul at ed digital signals, characterized in that the .
11 TG At ST A & il Sgmatare tor 1dentifying
interfeGRRslr Yebed @l a HRGel el ANt {7, £ BquelPESS.

reconstructed nodul ated digital signals are then
subtracted fromthe received nodul ated digital signals
(9) and the parasitic signals are then estinmated from
a result of the subtraction w thout influence from
prior filtering at the receiver end (10), it being
possible to determne md frequency, bandw dth and/or
power fromthe estimated parasitic signals. 2. The
method as clained in claim1, characterized in that
the transmtted nodul ated digital signals are



reconstructed at the receiver end on the basis of
values of the digital data to be transmtted
determined at the receiver end (7). 3The nethod as
claimed in one of clainms 1 to 2, characterized in
that, at the receiver end, ianU@ncing paraneters of a
transm ssi on channel are taken into account during a
reconstruction of the transmtted nodul ated digital
Claghgnals (7). 4The nmethod as clainmed in claim 3,
“Characterized in that |s attenuation of the
1. tr @dnswitesdoiochdanébiandparasi tiomesidelay: thooughdpheted

tr m.ssi on _channel .are taken. i nt c.cou .
| nElEsaL, S1aRATE Py B Cea B 20 Gl © IR U B nined £ rom
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1, 2, ..., Nwith the digital data to be transmtted

ass&gpg%gtépsaddltlon Lo the transmitted modulated digital
signals, characterized in that
~ the transmitted modulated digital signals are
reconstructed at a receiver end (7, 8),
- these reconstructed medulated digital signals are then
subtracted from the received modulated digital signals
{9y and
- the parasitic signals are then estimated from a result
of the subtraction without influence from prior filtering
at the receiver end (10), it being possible to determine

mid frequency, bandwidth and/or power from the estimated

parasitic signals.

2. The method as claimed in c¢laim 1, characterized in that
the transmitted modulated digital signals are
reconstructed at the receiver end on the basis of values
of the digital data to be transmitted determined at the

recelver end (7).

3. The method as claimed in one of c¢laims 1 to 2,
characterized in that, at the receiver end, influencing
parameters of a transmission channel are taken into
account during a reconstruction of the transmitted

modulated digital signals (7).

4. The method as claimed in claim 3, characterized in that



6. The nethod as clained in one of clains 1 to 5,
characterized in that a received signal s, can be

represented as s, = Asnx(c, t - td) + s'ai(t), with A
bei ng the attenuation of the transm ssion channel, sm
a transmtted nodul ated digital 'signal with an index

i, by which values of 1 to N are assuned, c the .

di g?*ttélm)&z}tlé’”t §tp&her BRERFRE &8 o7 Chae gl r?éldcféﬂray?‘ &fime
t heyd AN SRUeN +6BaRPEh s ANEs SoR i AnAdle N ASidInC 1 nto
signals, by which the ith transm tted nodul at ed

di fiasiurdy gfalingilpepcéas beramdteiehced.- 7. The net hod
as clained in one of clains 1 to 6, characterized in
that, at the receiver end, the reconstruction of the

- t r disnintettégddnedukanenedi gt ahe stHnal signil it ghown as

m = (@ b sld 8 ' ' tjmati
o TR et Phagrt I B8 st 2ty
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values from1l to N are assuned th al.ues of. th
di g1 Lo SO BR e PAngh: 1t B R ST {1 Sus
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19 8. The nethod as clained in one of clains 1 to 7,
be transmitted as parameters.

The method as claimed in one of claims 1 to 5,
characterized in that a received signal s: can be
represented as s, = Asp(c, © ~ tq) + 8. {t), with A being
the attenuaticn of the transmission channel, spm a
transmitted modulated digital signal with an index i, by
which values of 1 to N are assumed, ¢ the digital data to
be transmitted, tgq the time delay of the transmission
channel and s'.;(t) the parasitic signals, by which the i-
th transmitted modulated digital signal s <an be

influenced.

The method as claimed in one of claims 1 to 6,
characterized in that, at the receiver end, the

reconstruction of the transmitted modulated digital

signals S, is shown as &y = Asm(&, £ - f,), (8), with A
being the estimation of the attenuation, &n reconstructed
transmitted modulated digital signal with the index i, by

which values from 1 to N are assumed, & the vaiues of the

digital data to be transmitted, determined at the

receiver end, and f, the estimation of the time delay.



characterized in that an estimation of the parasitic
signals S'a is determned (9, 10) according to the
formula Sa Sa + EA ""(c,,t-td,)- toTO soMwth sa

bei ng the parasitic signals, thq m nuend of the
subtraction designating a propor?i on of the received

nodul ated digital signals s" the subtrahend of the
" su L%lfaé‘tqtélﬁddéﬁ gratiag theorecohstraicted msddl-at ed
di giHadactiegNabks SnNkaRd $9(&3t SRPF ORCH NG 1ZLTR Wstif 5

i ncreasi ng estimtion quali t9y. .

signals 8, is determined (9, 10) according to the formula

N

Sa =8, +Zf4ismi(cn( W’zﬂ)_A;Smr'(éi’r—tdl)l
= \
N D .

.v(,?l)

with s, being the parasitic signals, the minuend of the
subtraction designating a proportion of the received
modulated digital signals s., the subtrahend of the
subtraction designating the reconstructed modulated
digital signals 3m, and so(t) approaching zerc with

increasing estimation quality.



