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A. Signal-to-noise ratio: A favorable signal-to-noise ratio is only possible with a large
amplitude of the transmission signal. Fluctuations of potential which exist in the -
high-resistance - human body and which are impressed by electrical apparatus, are
of an absolute value of a few 100 mV, in the range of up to 1 MHz. A much larger
signal amplitude (i.e. high voltage on the body) for a transmission system is
however not tolerated by the user. The method should therefore also function with

unfavourable signal-to-noise ratios.

B. Inexpensive components of the portable apparatus: Whereas the simplest of passive
components are sufficient for example for RFID-information transmission, a
portable apparatus for capacitive transmission must comprise an active transmitter
with a voltage source, and there exists the problem of synchronisation with the
receiver. Precise clock generators (crystal or likewise) are however expensive, and

the synchronisation effort increases with less precise clock generators.



shoul d | ast a few seconds at the nost, even better |ess than one second,
and at the nost 300 ns or at the nost 200 ns, depending on the application.
It has already been suggested in the US patent 5,914,701 to apply the
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ul tra-wi dehandtes igh@lread @6ddedi ng to the state of the art, are used where
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It has been found, that the capacitive and/or resistive transm ssion of an
ul trawi deband signal is advantageous,_in particular with regard to the
signal-to-noise ratio at small voltage anplitudes. In particular, the
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example of up to 3V or less on electrodes -, which is below fluctuations of potential which
are coupled into the human body by electronic apparatus in any case. The procedure
according to the invention permits the signal, as a pseudo-noise-signal, to "disappear” (e.g.
by a factor of 10), in the noise or interference, and therefore causes no measurable

influence of the flows of current in the human body.



Alternatively to differential phase shift keying, one may also carry out a
di fferent nodulation, for exanple a (ngn-differential) phase shift keying
(PSK-nodul ation), a different nodul ation or even no nodul ation. In such a
case, under certain ci rcumstances t he absol ute phase of the received
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bit are corfelfahesinibv! gagmbobse with the stored code and t he results are
added adjusted for the code synbol value. The added val ue may then be used
in order for the acquisition and the tracking, to obtain signals with a
particularly good signal-to-noise ratio. Tracking is to be understood as
the tracking of the receiver with regard to the transmtter frequency. This
may be effected for exanple by way of the early-I|ate-gating nethod. The
adjustnment for the sign, with PSK-nodul ation, is preferably effected by way
of a multiplication by a DPSK-denodul ati on val ue, which estimtes the
relative "sign' or the relative conplex argunent of two data signals



One may al so envi sage the data word to be transmtted, being sent out in a
continuously repeated nmanner, so that a constant bit flowis transmtted.
The receiver may be designed such that the recording of the data word nay
set in at any starting point in tine, thus as soon as the receiver has
recogni sed and acquired an incom ng signal. The conbination of these
nmeasures ensures that the transm ssion and recording of data may set in at
an earliest possible point in time. There is then practically no tenporal
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frequency may be changed in steps over a certain region, until significant

data signals are found.
Preferably, the signal is modulated onto a carrier signal afier the spread spectrum

modulation and before the transfer. As already mentioned, the carrier frequency may be
equal to the chipping frequency. The modulation onio a carrier signal has the advantage,
that a large part of the signal power occurs in a frequency range which is sufficientdy
distanced from the very low frequencies (50 Hz etc.), which are prone 1o interference. The
embodiment examples described hereinafter, all include the modulation to a carrier even if
this is not a necessary precondition for the invention, and the spread spectrum modulated



Two criteria are available for the acquisition, of which at |east one,
preferably both are applied: an anplitude- or absolute value criterion, and
atime criterion. The anplitude-or absolgte value criterion is based on a
conparison of an - assuned - absolute value -8 maximum (peak) with a noise
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the data recording.

Alternatively or supplementary to this, one may of course also envisage the
apparatus fransmitting data-containing means, the effect of which is that the signal is only
emitted temporarily. These may include the manual activation of the apparatus, the
activation by way of a movement detector, a suitably designed wake-up circuit or any

other means.



The apparatus is then controlled such that the tinme-dependent, electrical
vol tage sends out an ultra-w deband spread spectrum nodul ated signal in the
operating condition. The wite- and/or read nodule has a data-acquisition-
and decodi ng unit, which decodes an incom ng spread spectrum nodul at ed,

ul tra-w deband signal . The system according to the invention, the
apparatus according to the invention and the wite- and/or read nodul e
according to the invention nmay be designed such that they nay execute the
met hod according to any of the above described or subsequently descri bed
enbodi nent s. According to the first aspect of the invention,
there is provi dageoadifetih @dsgeoin] tmandimitt angludditvapf capdiendobsie|applambltor
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Ther eby, ther la schematic di agram of one enbodi nent of

ho ;
the method &CBGRHFHIEED t he

According to an alternative embodiment, which is particularly suitable for systems
with comparatively accurate clock generators on the part of the transrmitter, one uses only a
single correlator. This may be used together with a fixed sampling frequency in the case of
a sufficiently large precision. Alternatively, the sampling frequency may be changed in

steps over a certain region, until significant data signals are found.

Two criteria are available for the acquisition, of which at least one, preferably both
are applied: an amplitude- or absolute value criterion, and a time criterion. The amplitude-
or absolute value criterion is based on a comparison of an - assumed — absolute value



i nventi on,
appar at us,
i nventi on,

read nodule, up to the sanpling, according to one design of the method

accordi ng
signal in

nmet hod according to the invention

signal in

Fig. 2the nmethod steps taking their course in the portable

according to one design of the nethod according to the
Fig. 3the processing of the rgceived signal in the wite-

and/ or

to the invention, - 9b - Fig. 4the processing of the sanpling
the wite- and/or read nodul e, according to one design of the

;[ngﬁgm\(\fml Epe gl/& hoikd laeveich%Hé gverage noise level has been exceeded by a

certain threshold value - of typically between 2 and 5dB - then a code symbol is presumed.
Two consecutive peaks fulfil the time criterion when the temporal distance corresponds at
least roughly to a bit length. A bit length is simultaneously a cormrelator- {code-) —tength or
defined fraction therefore.

Tf several correlators are present, the signal is searched for peaks, not only as a
function of time, but also as a function of the correlator or its number. Yet a third criterion
results for the acquisition: different peaks should be assigned to the same correlator or at
the most to adjacent correlators, since the transmitter frequency must be roughly constant
over the message {burst) length, i.e. it may not be the case that the chipping frequency
greatly changes between different bits.

The invention is particularly preferably carried out, such that from the very
beginning, ome may rule out more than one portable apparatus (as a transmitter)
participating in & data exchange. This may be ensured for example by way of the
transmission frequency (or the center frequency) being smaller than 10 MHz,
advantageousty not larger than 2 MHz, particularly preferably not larger than 1 MHz
Additionally, the transmitting power should be so small, that the capacitive-resistive
coupling only functions at small distances. The fulfilment of these conditions is of
particular interest for the application of a "secure access control”. Then specifically, the
condition that the signal radiation (the information transmission past the human body as &
transmission medium so to say) may not be measured, is fulfilled. It is then ensured that
the information received by the receiver does indeed originate from the portable apparatus
which the user touching the operating surface or located in its direct vicinity, carries on
him. On the other hand an electrode emitting signals would also act as an antenna at higher
frequencies than those specified.

The invention also relates to a system for transmitting data, which comprises at
feast one data-transmitting (for example portable) apparatus and at least one write- and/or
read module. A corresponding data-transmitting (for example portable) apparatus and 2
write- and/or read module are likewise subject-matter of the invention. The apparatus
contains two electrodes between which a time-dependent electrical voltage may be applied
such that the smallest of currents flow in the human body of the user, when one of the two
electrodes is arranged in the direct vieinity of the body, and the other one somewhat
distanced thereto. The write- and/or read module comprises a detector which detects an
electrical voltage or elecirical currents between a first and a second electrode. The first

electrode is generally arranged such that in the operating condition, it is located in the

Fig. 5Sthe processing of the sanpling



according to an alternative design of the nmethod according to the

I nvention, Fig. 6one design of the signal acquisition, for the nethod
according to the invention, - 10 - Fig. 7 Fig. 8 Fig. 9 Fig. 10 one design
of the tracking, one design of the decoding of the code synbols, a
schematic representation of the "conbiding signal"™ as a function of tine,
very schematically, one systemaccording to the invention, with a portable
apparatus according to the invention, and with a wite- and/or read nodul e

accor di ngy;f.0 w&ﬁliéynélfef%ih%ﬁxan body of the user. It may for example be designed as an
operating surface, as a handle surface, a door knob etc.. A conductive plate may for
example serve as a second electrode. The currents in the body of the user in the operating
condition effect a capacitive and/or resistive coupling between the electrodes of the data-

transmitting apparatus, and those of the write- and/or read module.

The apparatus is then controlled such that the time-dependent, electrical voltage
sends out an ultra-wideband spread spectrum modulated signal in the operating condition.
The write- and/or read module has a data-acquisition- and decoding unit, which decodes an

incoming spread spectrum modulated, ultra-wideband signal.

The system according to the invention, the apparatus according to the invention
and the write- and/or read module according to the invention may be designed such that
they may execute the method according to any of the above described or subsequently
described embodiments.

According to the first aspect of the invention, there is provided a method
for transmitting data, capacitively and/or resistively, from an apparatus to a write-
and/or read module, comprising: converting the data, using a spread spectrum method, to
an ultra-wideband (UWB) signal having a bandwidth of at least 20% of the center
frequency of the UWB signal; and transmitting the UWB signal, capacitively and/or
resistively, from the apparatus to the write-and/or read module.

According to the second aspect of the invention, there is provided a system for
transmitting and receiving data capacitively and/or resistively, comprising: at least one
apparatus and at least one write-and/or read module, wherein the at least one apparatus
comprises: a signal generator programmed and/or activated to convert the data, using a
spread spectrum method, to an ultra-wideband (UWB) signal having a bandwidth of at
least 20% of the center frequency of the UWB signal; and two electrodes arranged to
transmit the UWB signal, capacitively and/or resistively, and wherein the at least one
write-and/or read module comprises: a detector arranged to detect the transmitted UWB
signal between first and second receiver electrodes; and a data acquisition- and decoding
unit for recovering the data from the detected UWB signal.



Fig. 1la schenmatic representation of a systemfor the information

transm ssion by way of radi o waves, according to the state of the art.

The system according to Figure 1 conprises a data-transmtting, portable
apparatus 1 and a wite- and/or read nodule 2. These are have the ability
of communi cating with one another in_g,capacitive and/or resistive manner
via the body of a user 3, or via direct capacitive/resistive coupling
between the transmitter and the receiver. The latter is the case for
exanpl e when the user holds a tag for reading out, directly onto a receiver
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onto a carrier signal 13. The spread spectrum nodul ati on nay for exanple be
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t he appl i sfhi anvex@nTheeby, teaecesshoontn:ol - the rel ease of a property is
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code. Furthermore, gnesnpy initiate a further data exchange via the
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unidirectional, or permit ap. infarmation. trapsn ssj.on in the other
direction or a hi-d’F@g%%%ﬁgﬁwi f@ﬁﬁgﬁ? IMNGEn, For exanple, the
transfer of a nmessage in the way descri bed here, may serve for building up
a conmuni gatj on chapgn ' bblves St rlo a
di fferent ﬁ%a%/) : Ex:ﬁlﬁﬁtogg%@g?orﬁﬁ%?%ﬁeg\é&%@gﬁgr&ﬁd&%ﬁgo@&g?{% IS afr%éuﬂa SO
described in the i nthespapiiematcosdingin oupissisatfitenmphyd ersordnst0Be518, whi ch
is expressly referrgdet@mhere.



Hereinafter, inplenentations of the method according to the invention in a
write-and/or read nodul e are descri bed by way of exenplary enbodi nents by
way of Figures 2 to 8. Thereby, the follow ng problemtasks are dealt wth:
1. A direct sequence spread spectrum nodul ated signal arrives at the

recei ver as a sequence of chips. If tioB-rati o between the chi pping
frequency and bit frequency is N, then N chips thereby fonn a code signal,
and all N chips begin a new code synbol. In order to be able to read the
data at dfig,4 t he rdbepweessingstf theswomtiagnignalenehe Wit gadorrgdmogulsew code
synbol begins in an affinkiiHenEdtshin D¢ HGNIRod BI85 tHeQn@htigh,n a bit
sequence by way of chipwse nultiplication (or - depending on the
representation/resolution of the data by way of an XOR-operation) by the
chi ppi ng mede al so thé proeeksaty difiiee saeqeing etfonallihehpwoaeednd/er @hd htvdutegcogni ti on

of the code - 12 - s ols of.a bit.len in i '

hereinafter called a“‘éf}ég‘iéﬁ%‘? & %}Waggﬁ%es?g}rfg’g e%?}goe&% gﬁdﬁgqgﬁﬁ%gﬁe&s@w’

mul tiplication (or XOR-operation) carried out for the acquisition, and

addi tion he cod \ [ 5 : i GaLk tion". The
aver agi ngﬁ%'fé the r e(glue},ategi%g% @;t esq)%%ag ?e at | oﬁ?%t%imgiﬁﬂi g'rgzoﬁfﬁl%% ﬁ‘?gﬁ
part-sequences, whi@¥ntienpurified of code synbol values, is called

"conbi ning". 2.Systematic, tine-dependent deviations which are not caused
by signal and which nay be represented as rotations of nunber values in the
conpl ex plane, result wth the sanpling signal given an inperfect
synchroni sati on between the carrier frequency generator on the transmtter
side, and the sanpling frequency generator on the receiver side. This
situation nust be taken into account with each operation w th which
consecutive synbols are conpared to one another. Al multiplication is to
be understood as conplex in the follow ng description. In this context the
"phase” of a value indicates the argunent of the conpl ex val ue.
Specifically, these systematic deviations have an affect with

DPSK- denodul ati on, where artefacts nmay arise when the systematic deviation
fromsynbol to synbol is rc/2 or nore. Figure 2 shows the

i npl enentation of an enbodi nent of the nmethod according to the invention in
t he portabl e apparat us.



The data to be sent ("data in") is for exanple called up froma data nmenory
of the portable apparatus. It consists for exanple of a short bit-sequence
of for exanple between 40 and 500 datalbits, particularly preferably 150 or
| ess data bits. An introductory or concluding "sync-word” 31 - a bit
sequence known by the user fromthe start - may be joined to the bit
sequence. Fig.7  Theohd desRagidrcenckimy, be coded in a cyclic manner as a
possible alternative to joining a "sync-word". The cyclic coding has the
advantage that the nethod may take its course nore rapidly on decoding (as
will be midedyet nopee ddsiearadihadsiecodiye of the prdestibdeljuent description of Fig.
8). The data for the error recognition and/or error connection is
coded in a_further step 32. This may for exanpl.e be effected for .exanple by
way of joififg on af sthegstic gwecsemeiidy ¢f teg'c ”‘@@%ﬁfﬁvﬁ?iﬁmﬁ’wﬁf tgea cyclic
redundancy check (CRC). One may al so apply other nethods instead of a CRC

check, which y check and/or correct the consi stenc . 8.1 i.ved data.
Systenat i ﬁ%rlﬂﬁon- syg?/éﬁ%%f?ﬁg“‘%@‘@@é}e 53(%6%8%050 ilcgfl%.a? %-e %\f?%()ﬁ’mﬁh aeﬁ‘(ﬁjéa ol e
sequence of bits - kpmaidi mgotdive ophd predtiopomst Wit e rvrfe-"anie reed maodutind

codi ng-bit(s) are hgrelnaffahe GaLLRE "data word”. Preferably, the
data word is sent out In conti nuously repeated manner at |east during a
transmtting period, i.e. an uninterrupted bit flow arises. The draw ng-up
of the datﬁ%mr d by atsBignffic 8bpedentiByn BEGkyktcdl f@e Bif@tiating tp@initsidnbyt i me,
which is ye ed herei nafter Wth the nmethod descri bed

to be expl ai . ‘
here, a nodul ation Wagﬁ?fbﬁlé) WRFRGHCTHngi fos ki 91 4h° Bhase shift keying
DPSK-nmet hod is effected in a next step 33. The digital signal which has

arisen, is thenynultipli a, .- rall do- 1.an - chi pRiAg. code
35I, Sand It?ler euggﬁ %’%34 ;at%g%{i%ﬁg %%eﬂg&;'%r ?ew%?‘gsﬁ% 93%%@?/?' g&llt%% pass
filter 37 appargies [ oo enwtiley) and/oramepdd noduiene. olheputarsihgse By 4ty off whi ch

frequenci eg,pfu QLS WARndaHbh& ih R el c@hd bl RALEREHatlDRid RE HE@SE a
thatfez/cat-71ler), of. of nore than fc+fan-ier are Clr;‘.ﬂg eﬁ%fr?'@@tt he case that

1 fc+
the chi ppitig T OBylchEy! (Rad g Ieas i eHIHP PG Hp e ThF © herepd¥dpass
filter is BRvankao8euskYousathplensheabe ofer Aoldowsppassrehiing ent, iZectiFoetoemi t t ed

signal is indicated in the figure at Tx. A (single) clock generator
38 is avairF%\feé&F%tFOCfSrCSWEFHgtg#ﬁéecgmebpi ng code 35, and the production of
carrier signals 36. The j oi ning-on the sync-word, the conputation of

a CRC code, 't heAQ@rﬁﬁgp%%Qtiﬁx%ﬁt'orﬂ%ﬁl?@ﬁﬁﬁg?ﬁ% HUEN shASruhN RGBS CldtRYs Be) the

up- sanpl i (r;g t he spr€adi ng, and the (t en digital) .nDdBJ %:[@I on onto the

carrier, oRiuraitsbanl yizseSofapbiredofappHEdy P8R feHE he eas

advance, apgdadRsnet meesdytd? bescefbeacivat- aatbi rad 1Hotuid d Heh@ud 8t @nay for

transm SSIe?{gmple be digitally present in an EEPROM-memory, and be subjected fo the spread
spectrum method 12 for the data transfer, whereupon it is modulated onto a carrier signal
13. The spread spectrum modulation may for example be designed as a direct sequence
spread spectrum method, and therefore contains the modulation with a periodically
repeated chipping sequence. The chipping sequence is of the type of a pseudo-random bit
sequence and is also called code, spreading code or chipping code. The time duration
T-=1/f of an individual chip is smaller than the symbol length (bit period) T5=1/f3 (fz= bit
frequency).

Other designs of the spread spectrum method are also conceivable, for example the
frequency hopping method or pulse position modulation method. Hereinafter,
embodiments of the method according to the invention are discussed, which are based on

the direct sequence spread spectrum method.



The receiver may conprise a wake-up circuit, which is not represented in
the figures. This ascertains when an increased signal level is present at
the input electrode, which is the case en a user is located in the direct
vicinity of the electrode or touches this. The user functions quasi as an
antenna for electromagnetic radiation, primarily in the frequency range
betmeen 50 Hz and 100 kHz, and by way of this effects an increase of the
“noi se" level (actually it is an interference |evel, since with the

captured signals, it is not the case of noise in the literal neanl of the

term). The act u&hor exdes bercodised plensivior aramplest 1 pﬂ%6I6%§¥§k?%ﬁmﬁﬁi¥gafter
t he wake- Uﬁar@ﬂaxﬁédlﬂof thh@&ecﬂ&é‘(ﬁﬂéh@l spedd sprefuranddnrieg sed psitgiaty prefeelly - 14 -

A wake-up GlreULt 0f Lt merr R P Yor 050 WA ORI LGP €5

For exanple ove, onhe nay envisage the circuit being
woken up byprotideddi gasilemp g of by the noise-/interference level. The
wake-up may contain two circuit elements as yet a further alternatlve A

first one reacts. to. the no [interferenc Ievel whi | st
sel ectivel y seai%ﬁ%@a$%ﬁHwh@E?%Q%?BEﬂ%?3§ESF%%ﬂﬁﬁﬁﬁPWEXﬁ% %&%%3%% on the
situati on thchwnwnendzkrr reddenaiutie whwskieenue wivieyl signelels gyrttth@nﬁéfémihérco Mt o

action, 3 o8 hefe \ﬁ@t@-ez[r&iﬂ)'r ?éaﬁﬁac@ﬁle'ﬁ}%z@f%ﬁ adon@heeLl. M@&&cﬁ@me | evel
by the flrst ma %ﬁ-CIrCU

ei v
sel ective vikelEPreduptias; ¢ %é’fi‘sﬁﬁ??ea‘cetfr g? §‘6C"3’§%§¥gl"§15 ﬁgbﬁeﬂ‘éenwmg@goﬁvée of a
si gnal . wheredpog the decddshibnsis phresssapinadsiageccprsmgess2hg of the signal Rx
which is received at the electrode and transferred through the body in a
capacitive and/or resistive manner. A Iom#pa s fil 41 op. the I n ut side
has the same cutéfroRessuehty 4 s fPiogk %QWF§EQ£ﬂ§7V%?“?W%’B Blable
appar at us, @sglifickfioicode] Geageamanerih shaMpiptibatlon exabpleeftdaeese uontofl - the

threshol d. @:&Cgflad pfseageddd, ffﬁrexéﬁgmg,l DenBbf 3000 G, AbiehudRTOd att on

by way of r'en er si e cut - of
frequency ofhe progessiag ehide daii ﬂé?g%atw e 1%Wé§%msmt GORRIE Q0B HIoRy
frequency fgGthdfieeps, %monﬁ@bssdmaﬂm 18er8 @rml ediftstami4dbde. iheheiivrd, bee

sanpl ing freguency. i preferably 2ol ¢, Acclack: aeneral i, | 3o alasg, pr esent

on the part I n Figures
4 and 6 as wslstnig®n- aréé;)rafla/a’theanﬁial‘s@kqﬁ"f@@r@PﬁFIUVGF@@WYe@EUV%WPWOIFmt hod

step of thetr%ﬁh@s%ht ksoﬂ me big ﬂymélammdﬂdaﬁbmngmas@@nbﬂhei @EalWQ]sCﬂayS not
dat a- ai ded. anpl| ng PR H e G LB

correl at ed MFFH“?W%“B¢§@%TP é"%ﬂg$8? OTEREE” SPYWEF %%1 Lsbroduced by a
chi ppi ng codea gediexatal ifdrmalihe taagmikbe. Seor mlrltplqaltﬁia:m%fm chrduesdidiet'y on of

the results, iy ;,I H&chge%ailxargaxﬁgy %rv@%zs Saifdi uﬁ'ag&ﬁf}u%uﬂylcéﬂ@macﬂﬁﬂl@él\ﬂlrﬁﬁ” rier
si gnal phase ref at1on, resul he tr&gﬂ erre @ 1)1F(0r t he

transferredcﬁﬁﬁév%ﬁﬁmgﬁhﬂﬁﬁﬁﬁ'?ﬂya%éﬁé% ﬁﬁr%a GYorEER ¢ he
sanpl ed si girahsrassibothehgener dtedesctibadpn g mmdmnmag pabnmpgiwanop REFEChM t h one

anot her, a”gg&ﬁﬁﬂ f?“?ﬁéﬁgﬁ§%%¥ﬁge@hgfgﬂkﬁg (on account of the

pseudo- randonness code I'n the Figure, one may recognise
shift registers 52.1, 52.2 which are connected in series, of the |ength of
a chi ppi ng code H@féﬁlﬁﬁbr(1h}p%meint’aubr|iheofrmxsﬁzetbb@ﬁ@m’de@ ioalsEinvenion éspomdi-ng to a

code bit per |(9g do moc}upe are ehsc&e% nav%ff e%eprﬁ)la E‘,ﬁ%dcﬂgerﬁé Qyn@;}; W P ,&QQ

chi ppi ng cod® ues are mu
val ue- by- vabu&vMﬁthwﬁhﬁbWaWnesﬂbEmdﬁﬁégﬁ§$@?WEB cont ai ni ng the code. This
gives two nultiplications per chip, when the sanpllng frequency corresponds

to double t he chip gP,!thgseI;&e%c us?pr}gs}éi sp\é\!:t%;tr]n ?‘nr(]}dﬁate&] léli%lt‘lﬁ 1$e%v?% ar%z':e?ver as %5 i

sequence of chips. If the ratio between the chipping frequency and bit frequency is
N, then N chips thereby form a code signal, and all N chips begin a new code
symbol. In order to be able to read the data at all, the receiver must ascertain where,
in each case, a new code symbol begins in an arriving chip sequence, in order (©
obtain a bit sequence by way of chipwise multiplication {or - depending on the
representation/resolution of the data by way of an XOR-operation) by the chipping
code also stored at the receiver. The procedure of the recogniiion of the code



signal -to-noise ratio, it is sufficient, in each case to use one shift
register for the sanpling signal, and a register with the code, in order by
way of the absolute value of the added p{%ogucts, to effect the acquisition
and the tracking. The contents of the shift register always correspond
exactly to a chi pping sequence when the obtained sumin the absol ute val ue
exceeds a certain threshold value, and with the (conplex) sum it is the
case of a code synbol. This is illustrated in Figure 9 - again for the
i deal case of signals w.thout noise, and a_known constanpt carrier signal
phase rel ati on. STRRISRH BdeRath §ra %Sqqg%ﬁf% ebefmaihﬁ’éca@lﬁ‘?u%gwg%r frde
mul tiplication preedurespmndhipyisantilipicttpls XOR oheragetd enrried ot fargheshown in
the Figure as 2 tuGlhomad" oddl ofNfie SEAMCNRE ofipCoHEsNIREY S Loatedl, -1
(before the decodtng, i.e. ? e sequence does not Re essarily repr%sent a
data bit sequencedyrefasnl f8e prasmainnhel Segaatisiol i gurekation “S‘}hn%‘ge"teﬂec i st ance
bet ween the codeasyspeicss, nhick ROpified @O k¥rasROMds, seakedsicbmpaingdd Tb,
after recognising a code synbol for the first time, it is in principle no
| onger necessary to carry out the correlation with the sanple frequency
pul sing, but it Sysemaicf limp-derendant dayintony whichase sefrfsuted iy cvgnalwadiviichpi t
”} equenﬁy pul tsi ?x%y(ﬂgrﬂ%p%és%ﬁ%@asgemtlh s@@hurﬁwrm\%ﬁ;@&hw@ exoﬁla%ehﬁ%s@i gital s at
e peaks, no é data between the pea i.ch.i SCri in re
detai | herei naf % sempling S‘ff%lf gy %é@p%r?gcf)r%%‘ihéor?ﬁaﬁ%n g’f’%""r%?% b Aol se
rati os, accordi figqtancygearatdr onltizr ransypitef sde.cud drecetiphen repkneyhgeneralgent i on,

a conbi ni ng whi ¢li i Sreffler GAL AmA SEflidnSmSYBRES o KeBU Gith cad dintaAial es a
doubl e conbi ni ng;. the conce be extended # ) to.triple,

i , pt may. al so ext, € t .as .1
quadrupl e, Nt i M8 BEHBTOIRGvoSEPEPS Preshiparep by ampiaeis AT rulipficaidh iy
connected in senpeas dudersibbd 85 pumplesen thndoliowieadiscipge. dn ehimebttepl thed wi t h
the code val ue- bys yal 4. ADchil DS, RLAWIER SURTAAdEH AN estimation of
the relative (in“conparison to the r spective next result) "sign" is
carried out, in order to be able to add the approxi mate absol ute val ues of
the resul ts3 Thespesititdigf hew sp@ymatidsicsiaomn, habeareiifeec vt IPKademodulation,
DPSK- denodul ati on-t oper.at.i. i 0@“ : bl gn”
i ndi cates the Si‘gffﬁ%p 5aﬁ§tr'=;3 r?,r 19@%5& t%l %[gﬂl %g(aalﬁggééri%t{m" %}ﬁnewggfrgfnex 1
conj ugation, andviigmek. 1, two consecutive values. The result of this
conparison provides the relative "sign" of the two val ues, by way of
mul tiplication af on f the.values wth the.result 0 - anme
sign, and with ‘515"5?!9%8\5?1?16:5’8@? F’gﬂu?naoggrel re“%’g?‘f“"’{“h“ef ﬂgff %‘%%p&é%ﬂ{)dgﬁetﬁt s
r epr esent i ngetthengode the prddablicsapaaretuadded constructively, independently of
their value, whilst the noise determ nes what an inprovenent in the

signal -to-noise ratjio of maxijml .3, dB brings. The optain sum and_ its
absol ute val ue (HbBiajeLe mt&ggtﬁbnr ?Tﬁ‘t’;?‘bﬁ‘ag‘%fe %gecf‘b%‘g% ac%gr’t%?rﬁo K6 Sct ual
data (on acpatublc apparhde ledohsiitn e exampé of herardiiatiwace sf igntjampRhisyvésonev er
nmay be better us r%g? :‘dgtra tﬁ\"?’?fgﬂ{‘?\dgﬁﬂ?‘ggﬁf%{%ﬁ)ﬁ@ BNje8C 8N Mts Ok n LR dLETBYy Qyred

signal -to-noise ra X y to SKnodul ati on-type operati.ons,

ot her possi Bichudings' syasrvasdt Phme itigetieacs BIoY e theiuge Lra tay %ﬁé&?ﬁ‘f&evabl e,
for exanpl ejdangesmeniide@arksi on tree. For exanple, the conplex plane nmay be
- 16 - subdivided into sectors, wherein the estimation is effected by way
of a conparison of the sectors in which there are consecutijve val ues.

Wth a triple- oFhavbit s¢qubmce coatbdnFefigd b B yPRSRAERGTE § BAHBIE- el tp&r at i on
is for exanpignghieabefrd NTRAGRIE 85N PRIWRE Advaiegombiptié nefhod negribialis adder

f le of ‘the first ad d i h th
acoer o At e 00 gy ofy ooE ol B RIS oS BBl i

cascaded nanuiwequent ddsdipaoreeitFisdys, etc. Dependi ng on the application,
it is desirable for the portable apparatus to consist of inexpensive as

i bl ts, | then be. th that the clock gens f
R R N O i

seni conduct ge. Tiaamanénexdnaii b sffeard forrspmplone wmyp! fening bal lpast gad GRfecur at e.
It may devigfe %r@{&,wa@tﬁﬂg&ggﬁgﬁpg@&%&e&mm§ M ERCANGAOhay Badppmdul e by

up to 2% According to the art, Such situation r e

count ered bythrajeBpdsipLeas Pt B4 THecl IYRHRAR W@é{%ﬁﬁ&r R F’@(ﬁﬁ@’%ﬁ%‘q # the
manner of a tid reddingg daar Derehdteor nantshdteraethicgheseorposdiditi on val ue bet ween t he
sanpl ed i nput signal and the stored code is achieved. Such a tuning
procedure is also considered for the nethod according to the invention. It
is however inportant for the inportant application of "access control", for
the conpl ete acquisition procedure not to take up ore than a fraction of a
second. A tuning in this tine span is not possible when the inaccuracy of
the clock generator is too |arge. For this reason, a particular



-17 - agreenent of the clock generator of the transmtter and receiver.
This is conpensated (phase rotation 63) by way of correction of the phase
by a value brin per carrier period (7r/ nyper sanmple) max0-m nO codes of a

| ength arises, which is in each case 2*(#chi ps)-En. It is of course
not necessary with the particular variant of the correl ation described
here, for the series of codes (the code bank) to be evaluated in each case
by way of a sanpling. The code bank may already be stored in the

el ectronics, or be already set up directly in the register 73. Sol utions
set up with regard to hardware are of course al so possible. A
correl ati on w t Phawieihemeanalf bigousctuding tge pptiogali @ngawenisé dyrowrorfioamdeach
code of th e u orrelator may conprise neans for a
sinpl e con%?%? gngﬁﬁghﬁu ??%%%Q%d%%%ﬂ?%d (doubl e combining in Figure 2),
max0-inin0 signals as a function of time result on the output side, wherein
as in Figure 4 PptRrihg the GonploaXis deneoutjhasentinfopripaticond contai nilag -
signal val ues_an . ut e_val it

ot ovi ous! y SOREF T AE pA e fRereted DERRARAT QI R 0
actual acquiesi vererbysthe pedeiyer way S8ERtAANY Flapinguranign trife Wé’éﬁhr*élyég@dbf‘absol ut e
signal is %ﬁgghaggxﬁﬁﬁkafor maxi ma as a function of time e and - inasnuch
as several correlators and thus several signals are present - as a function
of the correlator index c¢c (i.e. the frequency difference). Respectijve

maxi mal val ues &Y Senpethetideseribedt fore shoodulgtruwitd 2hey giedgd gB)differentgki mal

noi se whi chyhick@iMl 88 inFPsREMEBLEE RitBath H.0Mki f9 BOSQ dikie ighdlehshaaal
itself, for exanFIe frog]bhebn0|se of @he o%her correﬁators 8%H§n ayeragi ng
over all cofF@h dt oid MElpiRkPRS 3 SERFRIDHBFFITEIIE e SRR 8% e A exceed
thi s t hr eshbdrebpoalmeguiated tsthocaederisignal Mafiaakie mbyw-peh Sherdt7 i Yayfopeirealipl e in an
FI FO ”E”Dryare%%éarcgﬁ @ W FRIRE Yoy SRACESWicVEhEhAed d16ndrt MRnldodNd i @Sict he case

may be - the correlator index 'c are stored. In a further. st 84, the tine-
and corr el dtegrensy flos tnteee Ha/ie 'egtoéro H‘%Pﬁ%éﬁéﬂ?@”%‘hﬁlﬁﬁp@‘g&n %€ Sor ed
maxi ma nekehgens enpplhgriepuesent saolite symbel syrid Heyuare, ¢ éapipesl fijer ps esent
in regular interval 0ele s ' AN e DAY E 3B E8L NY
correl ator Eidﬁ%é%e%‘rls%b%feed\?&%l&%ﬂgﬁe@%&%@ f‘&%ﬁfg%‘ Q?’We“’ most. o The

acqui sitiorfigmaMdd - is finished as soon as a series of such neani ngful
maxi ma has been found, and the tine t, as well as the regular tinme interval

T and, as the c , e. the. r. L+ i : o .
correl ator are. o GNTRrTEhergY BT HBpal slioe e o iRUL PE
"tracki ng" thagroghétion of earderlsignsis fcal |y represented in Figure 7. Tracking is
to be understood as a procedure with which the receiver timng tracks the
- 18 - transmtter,. see below._For this, the early-| 5 [ be used.
The regul ar ti mellenioSFREP? ¢ SPF LB HE ?%pW¥Fm%f¥ Tg%g%%§%aﬁ%{?%%§bcode
length, if thoddadenperd fistiblpaserset dot@d) mavidethe sprtapling hecorsdianees, it
does not haye o, Jﬁgis&i SR Bhib S @EGRH & didoQRAIySIRRr Bk of tBdsB Siepd, By known
bit- or code l'ength (Th) ma b% Xsed. T .

be computed in advancé, and do nof need to be effected "online" during the data

HrAnsmMIssion.

The receiver may comprise a wake-up circuit, which is not represented in the
figures, This ascertains when an increased signal level is present at the input electrode,
which is the case when a user is located in the direct vicinity of the electrode or touches
this. The user functions quasi as an antenna for electromagnetic radiation, primarily in the
frequency range between 50 Hz and 100 kHz, and by way of this effects an increase of the
"noise” level (actually it is an interference level, since with the captured signals, it is not
the case of noise in the literal meaning of the termj. The actual receiver electronics are set
into operation only after the wake-up circuit has ascertained such an increased signal level.



The tracking step conprises one or nore tracking receivers, which in each
case process the signal of a correlator. Typically, in each case, a

tracking receiver is available for the s:lagnal of the correlator C sel ected
in the acquisition nmethod, as well as for " both adjacent correlators C1 and
C+1l. Methods are conceivable where C1, C and C+l1 - receivers nutually help
the tracking of the correlation peak position. This neans that when a
tracking receiver Loses the signal, it obtains information on the signal
position froma different tracking receiver. The exanple shown in_Figure 7
uses the gatings Peke-uheireyiaekibageceiver may gse e |bpsed tameoBprgpiaIcindlss 6Pt e

val uEbof Ub@arﬁﬁﬂ}a,rﬁ@ﬂiaﬁ%&jdtdiﬁ@@ﬁ??,id@ xﬁ@xgnvisa@qé@@%r%it@mg}@k@@rm%e& toits
nei ghbouring val ues, | ach. recei ver., r i S i,I.St L.ncom ng
absol ute varhRCTEEe kDY BE TRt e EarFeR i 0P ol Ao RBL SEE R A6E et or 01,
i n each castenpnocseyit rgfutthanltemeticors ot dat eercidp ribe peise/inipelerenesf legelpeak

(represent ifiisAs GRE8d SYRREvelyS@hBE: For%hS BALBNGE: Qfnal, RHERIVALHRSNg on
correspondltﬂg 1o t+T (to tEhe s}gs&ect ed ‘Eoynt in time of the next Eﬁeak),
t+T-1 and ti9ersifuagion, dhecine & feyIghVAKSTR CEUYmal RPdPUsy POHE R ¥ MerERt i at es
bet ween f ouftec agesaihing ansudysselissite/idededars ety Ge destwakatlupeirofit tthe t hr ee

data point %etfe%v& ol ddl8e@RBie GRIERSRANGIRAG Nt Grekittdor FNR1BE ako RASHERON Was
then correctly extrapolated. The position of the next code synbol is t:=t+T

2. The t hr dB¢ U57He8°h % 8sent a nonot onous, descendi ng sequence. The next
peak is then earlier than is extrapol ated. The position of the next code

synbol is t:=t+Ts ) AL ee.: : { ,.Si ng
sequence. The n-e%}%u m?asl?g‘lpgth% wgﬁgflgﬁégﬁgﬁg% @é gg{lar} gﬁcgﬁg%elg ?&#ﬁé& %t:)t}s]el'st i on of
the next codkstre trgngferect thepygh the bydy) in ycapghidycoRaPeT BEFLIYEATE 0 PHe t hree
data poi nt spabstikdres1MindEd BipanRie(H@OHe 85RO bE dTYfEqueticy B) thel ibwirasst filen 3V of be

assuned thﬁ}; Loe bﬁeeaa;‘)k BRS! Lk 08 Slsecc%ﬁﬁlogén% %hi@iir 88 8w e PEAKNBGSIL 1 on t
is rejected T BY T He Gat I Hig I eCel ver concerned. | nasmuch as al | gatl hg
recei vers rijsecmndalopasit filker Gnwey be agavgedatfier idgmedylaionityasaueh rasvehl y one

gating recehVighlidaoR b®SCtrier kRRA0B! bR tHeQRR LM Gfeqhi@icf 6 ShiOBRoRDPEIvWE-pRR) ., the

procedure i - 19 - compl etel borted,. and the acquisition step,.s set
into acti onf?léf‘é &P’ﬁ‘?sf’ﬁ‘@‘gtt{{g“e&%g’g%ﬁg?%@cy & '?gl? O%‘ﬁ?‘?(ﬁéigmé &t ?ag}(??‘;i\do(ﬁmﬁé hani sns.
wherein the sampling frequency is preferably 2¥f. A clock generator 46 is also present on
the part of the write- and/or read module,

It is shown in Figures 4 and 6 as well as - as a variant to Figure 4 - Figures 5, how
the method step of the acguisition may be implemented using a combining which is not
data-aided.

The sampling signal Sa according to Figure 4 is correlated with the predefined
chipping code signal which is produced by a chipping code generator 51. The samplewise
multiplication and addition of the results, in the ideal case of noise-free signals with a
known carrier signal phase relation, results i the transferred code bit (or the transferred
code bit sequence for codes of more than one chip), when the sampled signal and the
generated chipping code signal are in phase with one another, and results in roughly 0
otherwise {on account of the pseudo-randomness of the chipping code). In the Figure, one
may recognise shift registers 52.1, 52.2 which are connected in series, of the length of a
chipping code period (i.e. in the most preferred case, corresponding to a code bit period)
for the correlation of the sampiing signal with the chipping code.

For this, the sampling values are multiplied value-by-value with the values of a
register 53 containing the code. This gives two multiplications per chip, when the sampling
frequency corresponds to double the chipping frequency. With an adequately favourable



From the conpl ex signal values, a second deci mator 93 sel ects that one
which in its tenporal position t corresponds to the absol ute val ue sel ected
by the decider. One nmay envi sage, apart omthe selected signal also
selecting the two tenporal ly adjacent sid%él val ues, and sunmm ng the three
in a subsequent adder 94 (conbined). The summ ng of three tenporally

adj acent signal val ues nakes sense when doubl e the chipping frequency has
been sel ected as the sanpling frequency. A sumration over nore than three
tenporally consecutive val ues na¥ make sense in epbodi nents with higher
sanpl i ng f FEGHSATPES ratipnis IgWEHGEE i PRCh C8Y thate eNesBCEREIST 10T HSrSamEldi#pl ex

al gori t hms signall bese rempediitent sodev\,hedjreerrbyowey af myasysdtmb vahas of e aﬂdwdnci pI e,
that the ”%%d&’@ t8 ff&cjt'ﬁi %@@h itich éﬁﬁfe(tﬁg hc c ﬂﬁe é%fp%g‘éter ﬁ&q

this does correspon % e prognose 0|n e pro h05|s for
the peak posirespemt Pectiiiopt EHPRBL SIS Wleﬂ e obtam%% eau@ 18y ApFelutoFaiye
SeCIUﬁnce Ofex€Raea Sy ttﬁesﬁﬁtda;atten@ztdl ®ith ok (tcbrﬂﬁex}r@euhtt is Y ca@¢ af b REdd ecei ver
on the output

ecodi n und code 0ols i.s now
Soseribod BYRBy 65 isyurstt FSERH WaR ot e BBt SRR MRRSAS, 0O 16
si gnal -t o- rﬁod sieknoani eyntent apreo vigdali piase kiatign. Breepym Etomszé m@cﬂqm&ts afhs rakes

sense - by WR¥ 9lvaRdMniShilchns| cgﬁ@dpgncmg ehhebepaeifeterada@dsw tshngid fer ent
gating rece% rs and tly it

res or, t irs
2 hodi tod TPEETE Bt SO 6 ol eSO H50R SRRNIb ag! (B hdbRer an
eval uat i on d@fodilei.ccltesegyambolices makesessefsepreSar vidag base@eldiebtesﬂtsrfrecﬂ terion
I's for exanpl gghhien B z%@t:h{? f?té cLéPan'B@ﬁ Me%ﬂttﬁ@%dé sytadolieisalpve, deei sion,

t he situation Occurre at a i re sents. t he smal | est
of the thr é@ﬂ@%t@&festﬁ(ac%eew o 94 FRECHTISHE 1 Foie wﬂl&@b@ﬁﬁt@ﬁ&ﬁd% Hes & ect ed
criterion -privapleone wﬂgadnaicssh@a’s}t capmcest thd cbeasttont witle ehe aﬁnﬂl@&&t}umml ce,

the respect d'ﬁ 7 . i

significan tﬂUYS%r%S@q?B%gﬁg EIHPB §Hp@% rﬁnorirlt &g&?&sagg%aﬁ%ﬁ ggy zer 0.

Qt her wi se, Gaee s@@%tbfg{wg?sé’ e%efythfbe@%atétttﬁeakﬁmqtﬁer oy Rrb e thy
(msglen: nupdaey, waficrtig tascAbddsin infved deghiiln@resiaier. wor d and coding (CRC-) bias)).
The additional code synbol serves for DPSK-decoding. The three code synbols
are conbi ned by an adder 103, wherein an adjustnment 104.1, 104.2 of the
phases by a val der 2] &¢s71f, meblamalic $ignabtor é@eedatmmewetdmgsmr epreisaats t he

respective ;S}@ﬂétré’ei érﬁ!ﬁbd%ﬁedt Iae:r@qxweet@t Qkorhiflfl 1@ REeCata0xiddags Galybdang:
recei ver, correl at or 1f.e,. the

t
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(adj ustnent 104. 2) . The f?ﬁﬁtwg&fie uence of ‘sumred

synmbol s may' hp gbiamed P’%‘Hesoflﬁifie%fpfq gSHation Ofe‘he BPIHER é%@aftsmﬁt"ﬁ dat a
t ransm ssi ofiext eakio t'sige, is bawrigbnt riastdet © bt hisieps aid tbasipyoxitese pihsbiet: sieps. For

this, a bit.flhowds ganesated, b aasgﬁ% SEBAULALOL DK SE ATl Coum of

code synbol s - gsen fase fference dat .

t he i nput - sPREEALPPSK %@&‘1 tT on) )8‘3 erpstep” ngrates His ¥ getion, Re the rea)

si gn( <(:| Re(r k}?d’rt kokIghd c@faytebeo@p@nbedmt% rdihevORSKecd gD ehiibeat THanesubrof ailiot her )
procedure, for ex e n n n wt
DPSK- deno du?err%pagﬁenrﬂ)?lwdes t%ia?t (tjt 8* t?&agv %h?eg tgthay %f mtgu%lg:g?dﬁt %ac case
more than i¢fthe tvaktﬁmgﬂtblte@:eesm kE’éﬂcbﬁﬂfttﬂl‘fbﬁfant\‘ﬁh@gfprftéd'l"‘(}@lfs?lﬁ fubgeasient| asidigion

uncert ai lnt y{attﬂérfsst a@afghat &rﬂpﬁﬁer@l@ﬁr@se&h@ig\/&ﬁ@ BodeWOmB 68 5@%@&éd\/c@n§@xd§ve%y nbol s
may resu

ormul.a, si Re n does.not result in
transf er r ed® ér%‘t‘cﬁd%‘iﬂt’ Oget{?ﬁi‘eg[{]é “grﬂllé %’?ﬁ(ﬂh Feér&’(ﬁ‘ﬁ NE& 4 ARO PRt g‘c?’ “whi ch
provi des nosigmf-or-nwsd Goo oFgraxirhil 3 ti%é}smgs The obtaingd tshis ad nisobsdetquehice of

the Iength rB&GkEN A% to%etbn( 4070 %@ere&%tau@e@la \Aé:thzh aa@e%rdaéceuIQO&smt ency
by way of error detectlon and, error_correction,

and/ or cor r SEEREIP1971 e TREETRICHERS TR\ IOVEEH) P &8@83%%’1%{1 S?fdécquhmﬁged t he
error test papsiests afcoantséfngleeingoagedt agrabm-nmdidehratiegaitentioelyhe prigdent
synbol ffe%ga&xa%gtg?@ otéérattaae aﬁagﬁgﬁeﬁt& Pl RN (nd tetattta% ignsdr@%tsot he

case, the co uence rawn, nust maxi mal | y
rnsglLen tln@§meWﬁﬂ%ﬁﬁéﬁwﬂﬁﬁﬁgﬁ PBa?ﬁE”W1ﬁ%ﬂP@F%WPWﬁdh$%t eX B e§€6ﬁeas t he
error test indicates a consistency of the synbol sequence, it is the case
of the searched bit sequence. The nethod with error test 11 and, as the
case may be, nmultiple rotation 112 may al so be observed as a cyclic

decodi ng. Addi ti onal neasures nmay be provided, wth which the
plausibility of the received synbol sequence is exani ned, for exanple in
that additionally to that which has been previously described, at |east one
bit |s reserved for a con5|stency check |n the data mord The check may be

P o



- 21 - Wth this phase angle rotation A(1),, it is actually the case
of a fine correction, which is carried out as a supplenent to the (coarse,
i.e. sanplew se) phase angle rotation” 5§tording 63 to Fig. 5, and one takes
into account of the fact that even with a found correlator which fits best
of all, a small deviation between the transmtter- and receiver-side

pul si ng i sulpiigdehinio siefosh whardin stestimetes i effacted prags ohrgraIPrBIoaLIL Ak

bet ween t e, GodenYARksure THRcARRESSILY Of a phase angle rotation A(1)"

may be avol ded when the correlators of the correlator bank are selected

| ying closer to one another, than previously described, so that a fine
correction i s ngitH @t}gﬁé’ dﬂﬁﬁﬁ%ﬁ@é(ﬁnbmmg the DIPSKI- ﬁenli’tﬁl'uidﬂnmtwpca)pptranom is fbr om t he

data bit se t he da

i nf or mat i Shgﬁ@ %8?4[6(%8’ %ﬁd@%e %eé %; Outpl‘-’égg h en%lh%ddel Q? %Q%‘hgf%gﬁthe

t he data Hirgt aiden)aemdennamsh chee dlet@rfpntrréohﬁ nthar fdd(iim éh@pﬁtlvgiynl@etmhéhﬁﬁat a is
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Preferably, a sync-word for the search of the starting point, as has

al ready been d%ﬁéﬂdﬁﬁbdo@ﬁh@a%gﬁoaﬂ&iﬁ itus aekihBle fbihths porfdie §yaLtsas dodssst s2ar ched
122 by way of the rotation

1 of it , [ t at t
e o hagrehicen Rt Sldahot i b ST SRS i 2Rt SRR ARG s
t he case @ytaﬂﬁeap;ialfmwmdelagedbut@gaecemrmmgmte(d%nﬁqmndmgl @ngbotdre (chemmi ni ng
bits are |adf fgr%%?fﬁe (RN dABUL ) L7 odiihd REE, BL Eree: SéftiorfiandTet hod

with the searc rotation
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sync-word Oé@e§urh@ﬁ ReesdiG hm’tﬂh% #htqBj a‘t“é“ Ve BRNFeRtiansARE PP e

gr ob?bl | i tad the stored cmﬂmmsmd Ruch beu@n%)@@nm is didoeoasid@ed fihdekmenyd onl y
i splay consi nc uence of t 0 Q |

unanbi gu Olj‘g oréJ,P %Lﬁ éh\g;:ng?lhﬁrt I8 ﬁgwgfelr pr?l E 1{] qu %l%e ﬁ%p%ytg}tﬂ dpﬁhcgﬁgn g access

check). | mosﬂmﬁh far dlas eymyplhie aseasmhn fpmcedlhe mym:takem f(lanhﬁnt Eh@i@CWhIeOf a

sync-word l:‘% tlnfh mt ?% S e palsit IAGnPAE NhackSralinen udki Elesit |y
recogni sed e er ror c ase, the starting point of the data
wor d resul&eéefﬁtﬁbmt@(h}@f@ode (conma free code) . One the ot her hand,

the CRC-test may be omtted given the presence of an adequately | ong

sync-word. The _consi stency chec whi ¢ necessary f ol vin he
previ ously rrentfi%B E@a "eteer 8?’%?@'5%‘]?% gﬁg%ed‘e%e%ﬂllnﬁtai”gﬁmdﬁ%m 188‘%0}’?9"5“&1? is
then |im tRgut 6) of thearquibitifn, thiehsy perdoubarly stmtable\‘imsghemmvvlmtvenqhaaﬂbembﬂt ai ns
consi ot endd pElist B rteah R AR U hE R shn R b Bl (REalRED and ;g
i s al so siwith wdirsousipyd fegnidtionTh f@ B0 MeisitivovIavisl feﬁ% aiif gnportant, g

reduced seg ra!r{ex,b %rhy‘%{ffy@cﬂﬁ@tﬁ\xm&ea!; ﬁnw&nahﬁ@egﬂh@e@iby and oeiHeQkark eroectl ons
are not pos s enbodi is therefore artlcul arl%quoglta {gefor

syst ems vvhlukq‘iL ‘éi’rdéb"}“gﬁﬁgﬁmwet%%éé%ﬁa"? PRy HRASTRIFSIONs K 415 i y gyt
al ready maRi{d enBésprédtiespdatian mﬂ@dmﬂoﬁdr&tﬁlgbﬁ tieyiedrstambdey, icodid suildbénior t he
search for_th m.according to the

i nvention af"éﬁr(’ﬁ}ehé’ fefré?n‘gﬁ? g’@ic r‘fmgpar‘r‘%@ S wglhsﬁgé?t ﬁ}own in Figure 10. Data

may be exchanged in a capacitive and/or resistive manner between a portable

apparatus 1 andy@ Wb 1%?1&99/502{ CJd@%gnlmngi?edgn ’t’lia@ﬂﬁ@%r&ﬁ%ﬁe of 15‘%&!&1‘%%6 3. For

thi s purpose, the por appar at us nprises el ectrodes 201
bet ween whvighdi e@ﬁ@ﬂﬁé}ﬁérﬁ@@%ﬁﬂ@@ﬁ eqdap?lﬁeéhya "ohe 3?@?@1%91%*@1 FHS%‘HP%&% a
si gnal gengfigd @de 30 it Aadpin eyicﬁ@{tlz%h@@)ﬂo@tela@mengmm datdattdinbe

transferre is alsoi Iutratedln bl e. apparatus is
for exanpl 8¢ SHIRIIEFBP2 WBSTHELY VagRS h?ige%e%@'ﬁ%&v%wr@glwg mlﬁ%aﬁ %t r ouser
pocket . Wirhkkitnhi @judhe:d.iThstmieinedt anddeax®0dl vabieclepadronttbe ¢thek poeyptarhan t he
second el ect [ o0e 1202 e IR IS 1 R Afe TRk RLS 8 Shdeablo sontact the
body under®™Certain cir d rea dule 2 conprlses
a det ect orm@a3=li s» hivehe porpilaset lergik & veoad beteey! @4 eatl P4 - 14p regntigped

anpl i fi er;: fifigy dal aehkic Q@x e ReRlionh&alPeh SROSkI eleatiiny Redi@y €

conpl i cat ed rrarl nér and for exanple conprise discrimnati on neans etc. )

whi ch may detect a voltage between a first receiver electrode 211 and a
second receiver electrode 212. The first receiver electrode 211 may be

desi gned as an operating- or touch surface. It may be a part of the wite-
and/ or read nodule, or the nodule nmay also only conprise contact neans (for
exanple a wire contact) to a nmetallic body not belonging to the nodul e -
for exanple a door push piece or a door knob - which functions as the first



The above-descri bed enbodi nents are nmere exanples as to how the invention
may be i nplenented. O her inplenentations are possible, wthout having to
forgo the essential advantages of the inwention. As a first exanple, it is
to be nentioned that the acquisition - with the aid of a correlator bank or

also with only a single correlator - is also possible without nultiple
conbining. An estimation of the relative sign, for exanple by way of a -23
- DPSK-denodul ation-1ike operation for deternining the relative "sign", is

then al so not necessar ds_of .digital data,denodul at] other
Lhon Bpar Rasemat oo B doek peperaig) aiine repaite it e B “EF T BRI DL
rel ation b@thwemtattstmeét)ddaewti}en@t:dﬂeam Qﬂibﬁ bhase Im@%@%em@nieheﬁf@dl s in

now way a necesshhie). Hf8hnind®tedR babltgr efildethibiel 3t RN SRk 4, bi t -
(synbol - E@ngth a% a coggnafe alsoep%ssﬁb e V%e?%asmgﬁﬂ%ch|S|tlon

by way of conbi ni ng not ai ded by data hag been descri bed, the invention may
al so be realisetl imftdouxdama-nai:edmﬂy i thegiatticahr meidnodsthe correiatilotx desribddnal |y to

be mentiongd t hat, ! L e§§{ sf&ﬁé‘&:ﬁtﬁ'&n%% E'Htﬁlatgqg eaxttt:zts@b g/ Qry 1 ead

nodul e" havé been se For a better erstan of the i.nvention, and
do not bi n@ARnE mfzqdﬁ@a@t? m&w@ﬁ%bwﬂ%e rieseb%ew% op P& HEFRLE Se 1
particul ar daseiynBythategRice 18] Sagonancappainttgrd @ hadwarnrdyl thescuder
conprising a gigceiver for the capacitive-resistive coupling, and serving as
a wite- afdl’or-read nodul e. Al ternatively or supplenmentary, the apparatus
provi ded mnth the transmtter may al so be consigned to a |ocation at |east

tpi %&rT arC:_ IA?/ e cdr&laﬁ&@&}ﬁm@tmdﬁ&ﬂdmhl@g&@ 1P Tl @ Atriedesy fop@hditcobidiof | me.
t tt
resistivel )}ll'ys chjﬂgﬁ?rgnhsrﬁg%or gre& oReE maj;r Q(gn;gr%te%’seansat%aglsxtrﬁp\{g w{nb%gé &a
multiple combining (double combining in Figure 2).

maxO-minO signals as 2 function of time result on the output side, wherein as in
Figure 4 I/Q the - complex, ie. phase-information-containing - signal values and 4bs
absolute values, as the case may be, with the previously described improved signal-to-
noise ratio by combining.

The actual acquisition step is represented in Figure 6. The correlated absolute
signal is examined (81) for maxima as a function of time ¢ and - inasmuch as several
correlators and thus several signals are present - as a function of the correlator index ¢ (L.e.
the frequency difference). Respective maximal values are compared to a threshold value
82 (step 83); a maximal noise which likewise may be determined from the absolute value
signal itself, for example from the noise of the other correlators or an averaging over ali
correlators, serves as a threshold value 82, Values which exceed this threshold value are
stored in a data memory element (for example in an FIFO-memory with a few memory
spaces), wherein the time 1 and - as the case may be - the correlator index ¢ are stored. In a
further step 84, the time- and correlator difference between stored values are compared. If
stored maxima make sense and represent code symbols, they are temporally present in
regular intervals of a code length & few chips, and have an agreeing correlator index or one
which deviates by 1 at the most.

The acquisition method is finished as soon as a series of such meaningful maxima
has been found, and the time 7, as well as the regular time interval T and, as the case may
be, the correlation index ¢ of the "correct” correlator are transferred o a next step, which
here is indicated as “"tracking” and which is schematically represented in Figure 7.
Tracking is to be understood as a procedure with which the receiver timing tracks the



to a wite-and/or read nodul e, conprising: 5converting the data, using a
spread spectrum nethod, to an ultra-w deband (UWB) signal having a

bandwi dth of at |east 20% of the center_{gequency of the WB signal; and
transmtting the UMB signal, capacitively and/or resistively, fromthe
apparatus to the wite-and/ or read nodule. 10 2. A nethod according to claim
I, wherein a direct sequence spread spectrumnethod is used. 3. A nethod
according to claim2, wherein the length of a code synbol is selected as

the length of a chippi cade,. .1 4. met hod _accordi ngL o _on f the
precedi ng CFEITHES \%%ei’eg‘%ﬂ gorng%’ ﬁ\heme%wg‘ﬁﬁef%? & Bt eeusﬁﬁ't ?‘éﬁ ﬁgg%ngwg si gnal
is 5V or | éseval B.comespetdiod the boridighy (and tone code iehwsh pif elc eatiergr dltavars,
wher ein theudatd. t:RqdP Sertain circumstances, it does not have o be taken from the acquisition

step, but rather the known bit- or code length (73) may be used.

The tracking step comprises one or more tracking receivers, which in each case
process the signal of a correlator. Typically, in each case, a tracking recetver is available
for the signal of the correlator C selected in the acquisition method, as well as for both
adjacent correlators C-1 and C+1. Methods are conceivable where C-1, C and C+1 -
receivers mutually help the tracking of the correlation peak position, This means that when
a tracking receiver loses the signal, it obtains information on the signal position from a
different tracking receiver.

The example shown in Figure 7 uses the gatings for the tracking.

Firstly, the signal absolute value of the extrapolated respective next peak position is
compared to its neighbouring values, in each gating receiver. For this, firstly incoming
absolute values of the respective correlator are processed. A decimator 91, in each case
proceeding from the consolidated point in time ¢ of a peak (representing a code symbol),
selects a sequence of three values corresponding to 1+7 (fo the suspected point in time of
the next peak), t+7-1 and (+7T+1 (the directly adjacent signal values). One differentiates
between four cases in a subsequent decider:

1. The largest value of the three data points is the middle cne (corresponding to t+7).
The peak position was then correctly extrapolated. The position of the next code
symbol is £1=t+T.

2. The three values represent a monotonous, descending sequence. The next peak is
then earlier than is extrapolated. The position of the next code symbol is fi=f+7-1.

3. The three values represent a monotonously rising sequence. The next peak is then
iater than is extrapolated. The position of the next code symbol is set as ft+7+1.

4. The smallest value of the three data points is the middle one (corresponding to
7). It is then to be assurned that the peak position was completely missed. The
peak position ¢ is rejected for the gating receiver concerned. Inasmuch as all gating
receivers reject a position once or several times (or inasmuch as only one gating
receiver is present, the gating receiver rejects one position), the procedure is



20transmitted is first nodulated with a nethod of digital data nodul ation,
and subsequently spread spectrum nodul ated. 6. A nethod according to claim
5, wherein binary phase shift keying is_yged as a digital data nodul ation
method. 25 7. A method according to claim5 or 6, wherein the data
nodul ati on nmethod is conbined with a coding which renders the signa

I nsensitive with respect to the absol ute phase. 308. A nethod according to
claim7, wherein the coding in conbination with the data nodul ati on net hod

corresponds to a differential ase shift keying. 9.A nmethod according to
Cr ol m 5. aner o rorRstS G R lE SGuBon Hep el ARSI R e SRR nadul e
i s sanpl ed, by whidtr melrsogecsieguenteisob. sanpl i ng val ues i s produced, and

35t hat part-sequences of the sequence of sanpling values are correl ated

with a sequence of val ues which represent the. stored chi i ng code.
a From the complex signal vai?es, a second decimator 9% salectsrt) at oge wgici? n

its temporal position ¢ corresponds to the absolute value selected by the decider. One may
envisage, apart from the selected signal, also selecting the two temporally adjacent signal
values, and summing the three in a subsequent adder 94 {combined). The summing of
three temporally adjacent signal values makes sense when double the chipping frequency
has been selecied as the sampling frequency. A summnation over more than three
temporally consecutive values may make sense in embodiments with higher sampling
frequencies. The gating function may also contain more complex algorithms in these
embodiments, wherein one always follows the principle, that the maximum of the peak is
searched within a time window, and - if this does not correspond to the prognosed point in
time - the prognosis for the peak position is adapted accordingly.

A code symbol or a seguence of code symbols as a function of time, resuli per
grating receiver on the output side,

The decoding of the found code symbols is now described by way of Figure 8. In
the case of several gating receivers, the signal-to-noise ratio is improved in a first step -
inasmuch as this makes sense - by way of adding the signals which are determined with
different gating receivers and which represent the code symbol. For this, firsily it s
decided {decision step 101} for each gating receiver, as to whether an evaluation of the
code symbols makes sense. Serving as a decision criterion is for example the information
as 1o how frequently in the above decision, the situation occurred that the middle data point
represents the smallest of the three values (case 4). Inasmuch as that - depending on the
selected criterion - has occurred at least once, at least twice, at least thrice, the respective
sequence of code symbols is not considered as being significant, and for example the
determined value is replaced by zero. Otherwise, one uses msglen+1 code symbols for the
further processing (msgLen: number of data bits including sync-word and coding (CRC-)
bit{s)). The additional code symbol serves for DPSK-decoding. The three code symbols
are combined by an adder 103, wherein an adjustrnent 104.1, 104.2 of the phases by a
value 20/(T /0% Tea) 1s effected, wherein ¢ represents the respective deviation of the
correlator index assigned to the gating receiver, from the selected "central” correlator C,
Toar=1/foar the reciprocal of the carrier frequency, and Tgo=1/f, the reciprocal of the
sampling frequency. In the shown example, d=-1 for the uppermost line (adjustment
104.1), 6=0 for the middle line, and &=1 for the lowermost line (adjustment 104.2).



.)5 _ 10. A nethod according to claim9, wherein a plurality of consecutive
part-sequences of the sequence of sanpling values is sinultaneously
correlated in each case with the sequencgyof values, and that results of
the correlation conmputations are conbined for data acquisition. 5 11. A
met hod according to claim 10, wherein the conbination of the results is
effected in non-data-aided manner. 12. A nethod according to claim 11,
wherein a value is estimated for the conbination, 10 said val ue being

characteristic of the da%g contents ig e Chﬁéaée oH}tmo.resFI&F of, the
correl ati on conp §?¥%W§a‘ﬁﬁﬁmt SMBRE CEE YRLOS Y RedTied o4t 8TES gt ed
with this valuer; nendedessaaig dieddat tehmenigidne reabfimehé towrastegulitesprevio@ly A
met hod accofdiri@d kRpHer His, e fdw@iBendalel b2, DIORIRERALRE: P& Hrosaguence or
t he 15part-sequ nces of Ehe sequence gf s%%Plln%rvalues | s/are cor el ated
in parallel suwgzgq?} code symbols - these represent pnase difference data symbols, on account of the

input-side DPSK-modulation 33. Here too, the formula sign{(Re(r,1 1)) may be applied

for the DPSK-demodulation, or another procedure, for examiple based on a decision tree.

In combination with DPSK-demodulation, the problem of a rotation of the phase
by in each case more than =2 taking place on account of the previously described
uncertainty with regard to the phase between two consecutive code symbols may result.
The formula sign{Re{rr'.;}} then does not result in the transferred data bit sequence, but a
symbol sequence as an artefact which provides no information. For this reason, firstly the
symbal sequence of the length msglen is taken (107) and examined with regard to
consistency by way of error detection and error correction, for example error test and/or
correction 111, Inasmuch as a cyclically decodable code is used, the error test consists of 2
single computation with regard to the present symbol frequency, even if the sequence is
not known. If this is not the case, the code symbol sequence, as drawn, must be rotated
(112) maximally msgLen times, in order to get to the right starting point. As soon as the
error test indicates a consistency of the symbol sequence, it is the case of the searched bit
sequence. The method with error test 11 and, as the case may be, multiple rotation 112
may also be observed as a cyclic decoding.

Additional measures may be provided, with which the plausibility of the received
symbol sequence is examined, for example in that additionally to that which has been
previously described, at least one bit is reserved for a consistency check in the data word.
The check may be designed as a CRC-test or as an equivalent check. By way of such a
check, one may recognise when for example one of the decoded code symbols is wrong.
By way of this, one may also reduce the probability that a code symbol is corrected in the
wrong direction on account of a false error correction.

The symbol sequence is transferred further for further processing (search of the
sync-word, described hereinafter). Otherwise, the phase between two code symbols is
rotated in each case by AQy=mn/2 for m=1, 2, 3, and the DPSK-demodulation 106 and the
subsequent consistency check is carried out once again, unti! a consistent symbol sequence
- the searched bit sequence - has been found. With regard to the rotation AQy, it is the case
of a relative rotation, i.e. the phase of each code symbol is rotated by a value AQy, further

than the previous one, i.e. for example m=1, the phases of consecutive symbols are rotated
by 0, /2, 7, 3%/2, ete.



di fferent

sequences of val ues. 14. A nmethod according to claim13,

wherein the different sequences of values correspond to the chipping code
th different sanpling frequencijes. 20 IS, A nethod according to
claim13 or 14, wherein in the absence ot correlation between the
part-sequence or pan-sequences, and each of the different sequences of

sanpl ed w

val ues, the pan-sequence or

pan- sequences is/are either correlated with a

further group of sequences of val ues which correspond to the chipping code
th adapted 25sanpling frequencies, or the sequence of sanpling

sanpl ed w

val ues i s produced afresh with a new sanpling frequency,

and is again
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of the correlator bank are selected iying closer to one another, than previously described,
so that a fine correction is no longer necessary,

1t is not known a priori from the data bit sequence, at which bit the data begins, i.e.
the desired information may not be deduced a priori. Rather, the actual beginning of the
data bit sequence must be determined in a first step, since the data is sent out in a
continuously repeated manner, and the starting point in time of the receiver-side signal
detection is not known from the beginning. Preferably, a sync-word for the search of the
starting point, as has already been described earlier, is used for this. The sync-word is
searched 122 by way of the rotation 121 of the bit sequence, said rotation being at the most
msgLens times. As soon as it has been found, the sync-word and, as the case may be, the
coding bits are removed (strip 123) and the remaining bits are led further as data (data out)
for further processing. The method with the search for the sync-word, and, as the case may
be, rotation 121 several times, may also be observed as an anti-cyclic (i.e. based on the
identification of an exactly defined starting point of the message) decoding. The procedure
described here functions when the pattern of the sync-word does not occur in the data bits,
or only with a very small probability.

Depending on the embodiment, the error check may only display consistency when
the sequence of the code symbols has an unambiguous, stationary starting point
(completely anti-cyclic error check}. In such a case, the search for the sync-word (and thus
the sync-word itself) is not necessary, The starting point is then directly recognised by the
error check. In this case, the starting point of the data word resuits from the code (comma-
free codel.

One the other hand, the CRC-test may be omitied given the presence of an
adequately long sync-word. The consistency check, which is necessary for resolving the
previously mentioned uncertainty with DPSK-demodulation due to phase, is then limited
to a search of the sync-word bit, which for its part contains the rotation of the bit sequence
which is msglen-times at the most. Consistency is assumed when the sync-word is found,

and the starting point is also simultaneously found. This embodiment however entails a



- 26 - of which a first criterion conprises a conparison of the absolute
val ue of the results to a noise-level, and a second criterion conprises a
conmpari son of the tenporal distance of arp absolute value maximumto a | ast
absol ute value maximum to a bit length. 519. A met hod according to one of
the clains 9 to 18, wherein a sanpling frequency is adapted according to
the result of the correlation conputation, by which neans a tuning and/or a
fine tuning is achieved. 20A nmethod according to one of the preceding
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data in a pRBRRb dskoBndchigiontderst ransfer of a data word begins afresh
directly after the end of the transfer of the data word. 15
As already mentioned, the data word may also be cyclically coded. Then, the
search for the sync word is omitied.

A system according to the invention for the transmission of information is shown
in Figure 10. Data may be exchanged in a capacitive and/or resistive manner between a
portable apparatus 1 and a write- and/or read module 2 via the body of a user 3. For this
purpose, the portable apparatus 1 comprises electrodes 201, 202 between which a time-
dependent electrical voltage may be applied by a signal generator 203. A data memory 204
which contains the data to be transferred, is also illustrated in the figure. The portable
apparatus is for example carried by the user on his person, for example in the trouser
pocket, With this, the first electrode 201 is closer to the body than the second electrode
202. The first electrode may also directly contact the body under certain circumstances.
The write- and/or read module 2 comprises a detector 213 (in the simplest case consisting
essentially of an amplifier; the detector may however alsc be constructed in a more
complicated manner and for example comprise discrirmnination means etc.) which may
detect a voltage between a first receiver electrode 211 and a second receiver electrode 212,
The first receiver electrode 211 may be designed as an operating- or touch surface. It may
be a part of the write- and/or read module, or the module may also only comprise contact
means (for example a wire contact} to a metallic body not belonging to the module - for
exammple a door push piece or a door knob - which funciions as the first electrode, The
second electrode is also not necessarily a constituent of the module itself. If the user 3 is
located in the direct vicinity of the first receiver electrode - for example by way of a finger
touching it or almost touching it - the a time-dependent voltage may be induced between
this and the second electrode, which is dependent on the voltage between the electrodes of
the portable apparats, This principle is known per se from the initially mentioned
documents and is not to be explained further here. Voltage signals detected by the detector
may be processed by a data acquisition- and decoding unit 215 in the manner described
above.

The above-described embodiments are mere examples as to how the invention may
be implemented. Other implementations are possible, without having to forgo the essential
advantages of the invention. As a first exampie, it is to be mentioned that the acquisiiion -
with the aid of a correlator bank or also with only a single correlator - is also possible
without multiple combining. An estimation of the relative sign, for example by way of a



22. A nmethod according to one of the preceding clains, wherein the data
conprises at |east one data bit for a data consistency check and/or for an
error correction. 23. A nethod accordinggto claim2, wherein the data is
transferred in a differentially 20 phase-shift-keyed manner, and wherein
the signal received by the wite- ancUor read nodul e after a spread
spectruminverse operation is represented as a synbol sequence, wherein a
synbol sequence part-sequence of the length of a data word is checked by

way of the 551@&@_ j ] hase:apgl at hopn,bet | p:each
case two ad) ace%‘%*@?}ﬁ%%’f@?%"g?e?%@? ?‘éﬁ out H?'?gt e{eie%i%s 3351 h%lgyl\%?ﬂsédoﬁ%ti stency.
25 24. A m¥R®¥H-according to one of the preceding clains, wherein the data
has a prior known sequence for the synchronisation. 25. A nethod according
to one of the clai | t.o..2 ef, el e ' sm L3
cyclically and/ ethgjﬁ% io%c%?%l?ali S ?/enéogafé"gonng_’%%grd?& %E%Améﬁﬁgagb%&g%i ng to
claim 3 or egampip&PSKnOn ¢ikers. drughermofe. thearelaHpp pithigerc bl eodoler®l parhs tio an
integer nulitigh| €ue@bstd Hab as b oot B, neddddint. Nathed Becfareadfisdaeftatibm _
nodul ation is ef g.g\t(ed t?P\C(n?hr onogsl with a data bit sequence representing
the data. 35™e%2 DR EPRAY FRERSPAF ST s BB Fhe preceding cl ai ns,
wherein the ultra-w deband signal is transmtted via the body of a user, or
via direct, capg@ictdaysn add{sRlonbeHap b dpntEAHP bR BY WaE NadHagn ddsansnl tter

and receiver, to the recejver. i .
the invention may aiso {)e realised with data-aided acquisition methods

It is finally to be mentioned that the terms "portable apparatus” and "write- and/or
read module” have been selected for a better understanding of the invention, and do not
bindingly fix the arrangement of the respective elements. In particular one may also
envisage an apparatus to be wom by the user comprising a receiver for the capacifive-
resistive coupling, and serving as a write- and/or read module. Alternatively or
supplementary, the apparatus provided with the transmitter may also be consigned to a
location at least temporarily, Le. it does not need to be portable at very point in time.



- 27 - 28. A systemfor transmtting and receiving data capacitively

and/ or resistively,

write-and/ or

bandw dt h of

resistively,

10

15

20

25

30

conprising: at |east one apparatus and 5at | east one

read nmodul e, wherein the at | east one apparatus conpri ses:
a signal generator progranmed and/or acigvated to convert the data,
spread spectrum nethod, to an ultra-w deband (UWB) signal having a

at least 20% of the center frequency of the UWB signal,
10two el ectrodes arranged to transmt the UWB signal,

and
PATERT CLAIMS

1, A method for ransmitting data, capacitively and/or resistively, from an apparatus
to & write-and/or read module, comprising:
converting the date, using & spread spectrum method, 10 an ulira-wideband (UWB)
signal having a bandwidth of at least 20% of the center frequency of the UWB signal; and
transmitting the UWB signal, capacitively and/or resistively, from the apparatus to
the write-and/or read module.

2 A method according to claim 1, wherein a direct sequence spread spectrum method
is used.

3. A method according to claim 2, wherein the iength of a code symbol is selected as
the tength of a chipping code.

4, A method according to one of the preceding claims, wherein a maximum
amplitude of the ultra-wideband signal is 5V or less.

5. A method according to one of the preceding claims, wherein the data to be
transmitied is first modulated with a method of digital data modulation, and subsequently
spread spectrum meduiated.

6. A method according to claim 5, wherein binary phase shift keying is used as a
digital data modutation method.

7. A method according to claim § or 6, wherein the data modulation method is
combined with a coding which renders the signal insensitive with respect to the absolute
phase,

g A method according to claim 7, wherein the coding in combination with the date
modulation method cormresponds to a differential phase shifi keying.

9. A method according to claim 3, wherein the signal received from the wnte- and/or
read module is sampled, by which means 2 sequence of sampling values is produced, and
that part-sequences of the sequence of sampling values are correlated with a sequence of
values which represent the stored chipping code.

using a

and

capacitively and/or



wherein the at | east one wite-and/ or read nodul e conpri ses: a
detector arranged to detect the transmtted LTWB signal between first and
second receiver electrodes; and 15a data acquisition- and decoding unit for
recovering the data fromthe detected UgB.signal. 29. An apparatus for
transmtting data, capacitively and/or resistively, to a wite-and/ or read
nmodul e, conprising: 20a signal generator programmed and/or activated to
convert the data, using a spread spectrum nmethod, to an ultra-w deband
(UWB) signal having a bandwi dth of at |east 20% of the center frequency of

the UWB signalyy ang method ac&)%g% gty DABSreRr ﬁlﬁlﬁﬁ? of Ebn.tsé&@cﬂ/@ %ﬂﬁ&}ﬁ'@;{:éﬁ“m
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sequence of values, and that results of the comrelation computations are combined for data
acquisition.

i1, A method according to claim 10, wherein the combination of the results is effected
in non-data-aided manner.

12 A method according to claim 11, wherein a value is estimated for the combination,

10 sad value being charactenstic of the data contents in each case of two results of the
correlation computations, and that one of the two results are corrected with this value, and
is added fo the other of the two results.

13, A method according to one of the claims 9 to 12, wherein the part-sequence or the

15  part-sequences of the sequence of sampling values isfare correlated in parallel with
different sequences of values.

14, A method according to claim 13, wherein the different sequences of values
correspond to the chipping code sampled with different sampling frequencies.
20
15, A method according to claim 13 or 14, wherein in the absence of correlation
between the part-sequence or part-sequences, and each of the different sequences of
values, the part-sequence or pari-sequences is/are either correlated with a further group of
sequences of values which correspond o the chipping code sampled with adapted
25 sampling frequencies, or the sequence of sampling values is produced afresh with a new
sampling frequency, and is again correlated with the different sequences of values.

16. A method according to one of the claims 9 tc 135, wherein the data to be transmitted
is first modulated with 2 method of digital data modulation, and subsequently spread

30 spectrum modulated, wherein the correlation of the received signal with the stored
chipping code, with an inverse operation of the digital data modulation method, is used for
synchronising,

17. A method according to claim 16, wherein code symbols are taken directly from
35 results of the correlation of the received signal with the stored chipping code.

18. A method according to one of the claims § to 17, wherein for the timing
acquisition, at least two criteria are applied to the results of the correlation computations,



30. Awite-and/or read nodule for receiving data transmtted capacitively
and/or resistively by an apparatus, the nodul e conpri sing: a detector
arranged to detect an ultra-w deband (UWB) signal between first and second
recei ver electrodes, the U\B signal bei.ng.converted fromthe data using a
spread 30 spectrumnethod and transmtted capacitively ancVor resistively
by the apparatus, the UWB signal having a bandw dth of at |east 20% of the
center frequency of the UWB signal; and a data acquisition- and decodi ng
unit for recovering the data fromthe UM signal. 3531. A wite- and/or read
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Transm ssi on
5 19. A method according to one of the claims 9 to 18, wherein a sampling frequency is
adapted according to the result of the correlation computation, by which means a funing

and/or a fine tuning is achieved.

20 A method according to one of the preceding claims, wherein a center frequency of
10 the ultre-wideband signal is not larger than 2 MHz.

21, A method according to one of the preceding claims, wherein the transmitier, in a
contimuously repeated manner, sends out the data in 2 manner such that the transfer of a
data word begins afresh directly afier the end of the transfer of the data word.

22, A method according to one of the preceding claims, wherein the data comprises at
least one data bit for a data consistency check and/or for an etror correction.

23, A method according to claim 2, wherein the data is transferred in a differentially
20  phase-shift-keyed manner, and wherein the signal received by the write- and/or read
module zfter a spread spectrum inverse operation is represented as a symbol sequence,
wherein a symbol sequence part-sequence of the length of a data word is checked by way
of the data consistency, and a phase angle rotation between in each case two adjacernt
symbols is carried out if there is a lack of consistency,
25
24. A method according to one of the preceding claims, wherein the data has a prior
krown sequence for the synchronisation.

25. A method according 1o one of the claims 1 to 23, wherein the data is transmitted in
30  acyclically and/or anti-cyclically coded manner,

26, A method according to claim 3 or 9, wherein the length of the chipping code
corresponds to an integer multiple of a data bit length, and that the spread spectrum
modulation is effected synchronously with a data bit sequence representing the data.

35
27. A method according to one of the preceding claims, wherein the ultra-wideband
signal is transmitted via the body of a user, or via direct, capacitive and/or resistive
coupling between the transmitter and receiver, to the receiver.



ABSTRACT The invention relates to the information transm ssion
between a data-transmtting apparatus and a read- and/or wite nodule, in
particular for the use of access control. According to the invention, data
to be transmtted is represented as a dixgi.tal signal by the

data-transm tting apparatus, and this signal is converted into an

ul tra- broadband signal by way of the spread spectrum net hod, and
capacitively and/or resistively transferred via the body of the user to the
wite- and/or read nodule. (Fig. 1)

28. A system for transmitting and receiving data capacitively andior resistively,
comprising:
at least one apparatus and
5 at ieast one write-and/or read module,
wherein the at least one apparatus comprises:

a signal generator programmed and/or activated to convert the data, using a
spread spectrum method, to an ultra-wideband (UWB) signal having 2 bandwidth
of at least 20% of the center frequency of the UWB signal; and

10 two ¢lectrodes arranged to transinit the UWB signal, capacitively and/or
resistively, and
wherein the at least one write-and/or read module comprises:

a detector arranged to detect the transmitted UWR signal between first and

second receiver electrodes; and

15 a data acquisition- and decoding unit for recovering the datz from the
detected UWB signal.

28, Anapparatus for transmitting data, capacitively and/or resistively, to a write-and/or
read module, comprising:

20 a signal generator programmed and/or activated to convert the data, using a spread
spectrum method, to an ultra-wideband (UWB) signal having a bandwidth of at least 20%
of the center frequency of the UWB signal; and

two clectrodes arranged fo transmit the UWB signal, capacitively and/or
resistively, to the write-and/or read module,

25
3¢. A wnte-and/or read module for receiving data iransmitted capacitively andfor
resistively by an apparatus, the module comprising:

a detector arranged to detect an ultra-wideband (JWB) signal between first and
second receiver electrodes, the UWB signal being converted from the data using a spread

30 spectrum method and transmitted capacitively and/or resistively by the apparatus, the
UWB signal having a bandwidth of at least 20% of the center frequency of the UWB
signal; and

a data acquisition- and decoding umit for recovering the data from the UWB signal.

35 31, A write- and/or read module according to claim 30, further comprising a wake-up
circuit, by way of which the data acquisition- and decoding unit (215) may be activated,
when noise- and/or interference level reaches a certain value, and/or when the artival of 2
signal is ascertained.



