A METHOD AND SYSTEM FOR DATA TRANSMISSION The invention relates to a method for
transmitting information from a for example portable apparatus to a write- and/or read module, to a
system for carrying out this method, to a data-transmittihg apparatus as well as a to write- and/or read
module. A multitude of channels are available for transmitting information signals, in particular
digital signals, between transmitters and receivers. Such a channel is the capacitive (more precisely:
capacitive/resistive) coupling between a portable apparatus and a write- and read module. The

application of such a coupli%%@ﬂcm beres Ritis-pifestetdithemsman body as a

transmission medium. Corresp g systems are disclosed for example in the US patent 4,591,845,
the US patent 5,914,701 and the US patent 5,796,827. A user carries a portable apparatus with him.
Information flows as sStsrirasthenrsérieoicheshad ivhreoradEsomplagaera feadz deamodule, or
is located in the.gieet vigininoidhetabciheurfage iracRxamplestan tanmligyousiRccesacnde may

be transmitted ffom the portable ARpArANS 9 e W2 AN [RaRMAdWB g, For practical

applications, in particular for access control in its broadest sense, the following demands arise, which
in combination are not met by any existing system, and which until now have prevented a commercial
breakthrough of this typensttiffdmeatibarmanstifiseiaiable Spynsnaicre ionnisa eaplie in

signal-to-noise gadi:ig:0 g possiplelywite@dang eamplitid eanl thetrensniasion sigaakiFucheations of

potential which gxistindhe s DighstesiSanss s AUBRABPAY. AN HRISRATE IS ssshh lgeirical
apparatus, are of an absolute valge of e\év%]loa mV, in th ranglenof. Sug)fto a% I\gfz-ilrz{n@ergwsg%h larger
signal amplitud® YEEe g BREYEES the BBRNATHSP &t eSS IEA Sy &

or a trarismission Stem 15 owever not olerated by
the user. The niethsteskrutdt R BfEvanalse Tan GEHIWRHBSITAVSFED| & SGRINGHEETHEGE B.
Inexpensive componentsokihesperiahte afppratus, Whédasith& Sipapest S pd6sivedchmponents are
sufficient for exgimplesfos SHD-IRLMaHIN UAASMRISsig:AROURRIGAPRAAMIEJRHEIRALTY,
transmission must comprise an actlv%t[ar?gcrylttgrl\é\gtg a i){/aol age sou crem)% d t{}r}%r-%%é\!%% I;[rh%problem
of synchronisatﬂ?ﬁ}\f/?fﬁ fﬁ%u%g%ﬁl/éor{f recise ¢fo generators crysrfaﬁ or ﬁiei/wses) are however
expensive, anddiecsyiepsrsalioroat Auitie SB SHP|8s & FIRBRIBISEK FeABTARIfsMERbeC Speed:
the complete infermatied fransihrssingragessun clusingsynaint orid atipivie.

For practical applications, in particular for access control In its broadest sense, the
following demands arise, which in combination are not met by any existing system, and
which until now have prevented a commercial breakthrough of this type of information

{ransSMISsion:

Al 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 amplitade (ie. high voltage on the body) for a {ransmission system is
however not tolerated by the user. The method should therefore alse 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 wransmission, 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.



should last a few seconds at the most, even better less than one second, and at the most 300 ins or at
the most 200 ins, depending on the application.  .Ithas already been suggested in the US patent
5.914,701 to apply the direct-sequence spread spectrum modulation method for information
transmission. The noise sensitivity (in particular the interference sensitivity is meant by this) is reduced
by way of thig; and ispecomespasgsibte ifdosembral tiransisitierspodsssimidting cysbhactisaiowherein

each transmitter hagits ownmogulation aode {greading.codal ndeath fagSRiear sprcium method
which per se has been known for some time, as kn(éyé% ésmtabﬁ%for reducing the

interference-pronen8¥Stot Ygrags %H&%?Oé&&%’%ﬁ ARSI PE PR ASBific manner. However,

disadvantages also result: the computation efforts at the write-and/or read module, and the

SY”ChfoniSStion effoft ﬁ&é%ﬁ%a%k%@eﬁg\g@ﬂ@ ﬁ{%mdbgaaéﬂﬁsm?,mmgtmﬁ@w@wr@ﬁ:@tttUS )
5,914,701 does not suggest how the synchronisation m e accomplished without cempromising the
demands B a?‘f@kffl Eﬁj .5? 5?3,0 %en&%?é%ﬁ)%hrg%p%ﬁ}lg |pllz1%,c(|)prlrl1aat)? 3I§%1€gn ¢ Fgg%vcgrﬁ?aéglg%s ifitis
simultaneouskpsadsitl éfarasevasaltho it EppRrasiive e shinsanicatdimps e WAt Pread
module. For example ifeetbmanpliciienefavaacutaaccess conirdihumnecshdyldotatherlensure that
the data recelyed by, igieie A0 gad masiule anvcguolugienfiom el uspL e lagated i the
direct vicinity of an operating surface of the module, and touches ths for erfample. .Proceeding
from this statERSCHHEPCIRRS HEIER RS 16 ProVIER: AMRth oo PR fS A BANEn S BRNSY Way of
which the disachaitaghs oftthierstate pbtirecast aif oi gwe scameloansdingcthatsigasts partyrepages-the

demands A tq (.. Fhe metbodiaheuld pigfatabiyhavadheatvantagas.ef-canagitve ntiabesye-

information transmission via human_body, and be able to.ensure that data.received by a write-
and/or read nﬁf)’gfﬁé of ﬁ%ﬁ%ﬁi‘@ f}f}or}é‘b‘%‘gl%‘ﬁ}ﬁ%ﬁ% use%lxc‘/%ritcha{htefl%s%?g%%lae‘”teacp?rﬁ%é%ir%%t vicinity
of the moduleceasiibssabiehithe maniensyjedessmerieVd hthhitHe doga tBbestasrsinifiey jghe
represented agA-digitaksignaly 8o (elienmpHableitattiesbbptbeivser)appRriaiugs dhchitkistsignal is
converted Inq SRR Idghand sional BYWRKALANG Shread SnAcl I Mot and capaciivel

and/or resistlvelfy -via ( e user or | irect manner - is transferred to.a write- and/or read
module.  THETRKHKEHE aReHbiGdeisive @l RarARASHARERISIE FEMHREADIHARD BEte-
understood asiti&signal irahsmissioaxbetplecfoa transpittatiandiaaréemiver anizeraioniiala 618 -

transmitter intgrfage, aizional maybe.coupled oy RiedRRsMIUSRINONERQRYe BRH (ABHesbody

into a receiver_interface. The co_uqlin%%ar,ou h the body is eﬁgcte&grimaril ina reﬂﬁgvn%rgl Qner. The
yﬂ

coupling betw&aR (@ R Hiter ‘Rt thdrie fn‘iléflé%/e(i BvaHt EapAdEve or prlma}iﬂ

resistive, or a ashitsinhtiohiofdrotkadplsending on the situation. A primarily resistive coupling between
the interface and the body is effected when the interface comprises an electrode which is directly

touched by the body;otherwise it is g(tﬁ.lnseg%u[g canacitive goyp Qﬁ@%@% W &Clﬁr%f@.ngtﬁm?@§ fyype of
signal transmission Via capactive andlor résistive coupling is aiso called infrabody signal transmission.
Intrabody signalferarSiesSRIRTIE SSHM ARy D A& B B8 SHERVEEBRIIAG PR AR &l aRF & TifFarticular
in US 5,914.7Q0%}rcomd/Itiatwitiehand is:cefineld ascthe thsedfonthés inforon&lticrhtransimigsibnyidf a

frequency ,ra”g?ef%fre?oﬁﬁmi% Qi akiGas! 89 %Rl ReCRILEN JHE HeNEY A IO BR300 MIZ -
Transmission frequencies of more than 100 MHﬁgﬁze disadvant %eous or, m%é(rig)t be aeallsigﬂ for the

method accordigad MENindRhitn2¥s RatHureifheP FrFSShEt D and 1SS ubd WA ™at least
20% of a middiegramsmissiothdtguuishbytppatahs thibidasdes mssr becatad lwalbe 200% b wiodFridr the

frequency”.  module carries on him.

This object is achieved in that the data to be transmitted is represented as a digital
signal by an (often portable, carried by the user) apparatus, and this signal is converted into
an ultra-wideband signal by way of the spread spectrum method, and capacitively and/or
resistively - via the body of the user or in a direct manner - is transferred to a write- and/or

read module.

The capacitive and/or resistive signal transmission via the human body is to be

understood as the signal transmission between a transmitter and a receiver, wherein via a



Spread spectrum modulated, ultra-wideband signals, according to the state of the art, are used where
interferences with other transmission channels are ta;he prevented (for example in personal area

networks). Such signals are (for example UTMS) also used, in order to be able to communicate with a
large number of users simultaneously and without any collisions. By way of the invention, one utilises

the new insightuthatiithedkansissionohaspreasipRadtimiracinatedeuilin widelsnansignal may also

pe advantagegds it %&bﬂ&%@a@%titr{%'eé@e?ﬂ%”éow'wn%%&%&?@em@%g Rropfarsaian chapnels - with

such pomt—to-pqln(f IYansmlssmns -1t1IS t e case o%l?he Ccapaciive and/or resistive fransmission by the

human body. TesisiEa8HEER fOLRh EOHANEOEASRIHe SIBMHESIstve ﬁ%é?ﬁ‘?é%%ﬁ%?% e 18

ultrawidebangsignélisageantagequininipartisularwithregartitatite sighathtcinmisdingtiorahsmall

voltage amp"%%gséoﬁn Ragﬂﬁﬁﬁﬁfy the;procedupmaceriding tthe iyantion Pt PRe daeperate with
u

voltage amplitudes of a few mVin the body - correspanding, for example of up tg 3V or Jess.on
electrodes -, WHEhTE BUFSREA SORMBTSHEBF ST ?aY%VﬁW’c‘r?%%%@u%%%‘?ﬁ%%hee%ﬁn?{aﬁ 360y By
electronic apparaggsdniinyapast v hengproteds rehidcordimpto fHesituriongpelHsthiesgiat as a
IOSGUdO‘noisec§i%§iv|&0aﬂ%j§@%%@ﬁ$e§$@% BM@J‘%%EE&@rc@f]é@)ﬁﬁhﬁhﬁﬁ@@ﬁl&&iﬂ@ﬁifﬁeﬁc&tﬁbﬁdﬁerefore
causes no measurable influence of the flows of.current in the human A WiEh
implementatiosll%?lthéd g&%%%ogclcsopcﬁr?lga{g th%}?%%%%dﬁg) %h% ?gl#g?g,?toig%%% glré%ra{glégé%éaﬁ%mplitude
at the couplingastisetroéleS vPS VA dhd- particularly preferably 3 V not to be exceeded.  Preferably,
the "direct sequence-spread spectrum method" is used. The code frequency (chipping frequency)

then, 1 accountof e e U ANINSRAR" S Ok XA AHaA: 2 lhalds sianalcenter

frequency, preferably at least the signal center frequency. In the particularly preferred e, the
chipping freqUERFISYeGaF &F ﬁlgaﬁfbﬂﬂ%ﬁfbﬁf‘?r@aﬁ&%@u 8E H){'f'h‘i?él% ﬁ,%qggﬁ%ﬁ{eof GEAE 500 The
data word befbfEthErspneading frmebeenotulaetwitdd Method dhaiyralagacansauianohbOne
example of thi%dﬁs@l?fﬁpﬁﬁ%%i%&%&gdﬁﬂ%ﬂp@lé?15/'6%@511P%t'tﬁui&fe%@l@t@ammﬁasﬁi@dmﬂdkeying

method (BPSK)), or also a quaqr ure- or.other hase shift keying method. Preferably, hn ata

modulation m& t?goe%l%%m}ﬁeaa%ﬁﬁ%“égp fﬁ%aw' 1@: erzfﬁl ers Kégs%ﬁgfe ﬁ%’é’eﬁlé?fi\%%v%tﬁsaggs}p%g to the
absolute phades. fait bxaimpie byasayier Bedyidseking at phase differences (differential encoding). In the
example of PSK, this in combination results in a DPSK (differential phase shift keying), for example a

oBPSKmodulation. K2 meiiedhsapmAton W NS RICAIHIR agearding I8 the dyertio, entalls

the advantage that the a ute phase does ot need to be known. Rather, with the differ?%ial phase

shift keying, ita&-GhRyuITE FAMSTR/ESHE S HEEEP DS FBIPETP ?8&6&&%%%‘%%’@%% Rich is of
significance. Granphyialsorusel adiferewtfol. dkamplenelsorcdfre ctiagplode With sieilarsed. in
characteristics, for exampie & rolatiansoyarianh sade--asabaleraativeiadifaeninkeadingour
Preferably, the data word ¢ nftains one bit or several bits,, Whi%h on V\tjt}g P%rtt %; tpt% é‘%%%iélﬁlrsﬁgﬁmit a
consistency chBEKY hgé%tkg-'s%}nv%%tolﬁ%%e%‘?%g@&f) g%nue&%isf_tofe exampiera cydlic redundancy check.
This is particutdrly prefetreptitreombasatredwithiraiffedebins ctnitgranyctatobRiRdaAAEIHeS By way
of applying the,sensisiRRayehesksiitheaiisinasdatangnetheaydeterminedsito-whethih ancartefact
was obiained insicad 9l dala el an deaofing by ey oL SYSISMALiG RASS aRaIEalaans between

two adjacent dode symbols. Suc systematic phase angle rotations may arise on account of a
non-fixed relaﬁﬁﬁgﬁ%‘lﬁm; on the one hand the frequency of the carrier oscillation modulated on
the part of the transmitter, and the sampling frequency (as the case may be, with phase correction of

the code used in the fageiyeE) 46{he SARSiRERSY.ARRCk (BF RUMNIEGRG ehask) Faslis.in a lacking

consistency, then the obtained symbol sequence |.s(grfject d, %ndd% rﬁpewedletva%u%ti%gd'g é;(arried out
with a systemaHETHESSI BRI ASHATRSTREI0T SXRABRA Y o BN IR Bs o SybS!

small voltage amplitudes. In particular, the procedure according to the invention permits
one to operate with voltage amplitudes of a few mV in the body - corresponding for
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 different modulation, for
example a (non-differential) phase shift keying (PSK-modulation), a different modulation or even no
modulation. In such a case, under certain circumstances, the absolute phase of the received signal
must be known. One may for example use a phase locked loop (PLL) as is known per se from the

state of the art, for detgrmiRingmabsaluiephaselanciivaueney ©f theireegived sigréhrdlthdugh this
entails a relatively large effort and a certain control-in time, this embadimentis practicat opeyen
preferred, de&iﬁdﬁﬁ%ﬁﬁ%e%ﬁp%aaﬁl 5.1 fude %é@?dfﬁ&ﬁéﬂ ee?%%(re%tigon, the d’e-spr(et%(?lllhg (tr}ég inverse
operation for gprEaPspbotRhialsdNeErsstarried out on the part of the receiver) is particularly
preferably combined with the demodulation. According to the state of the art, modules for spreading

and de-spreading on,{he qne hand.gnd.ihe.medulation and,demadyiatisnondhe.atherpagdicare
independent of one anather.” Thi is illustrated in Figure 11, g;er ta methag,ﬁlé%how$, as |s for
example appliEeIHESHERNBLE dEa FaarSEigh ﬁﬁ?éﬁltt'd’év'[v ﬁj%ﬂgtﬁ’ﬁn etted 18 Fr%mf!m%)sdulated,
for example with ¢henBieirtethod]fiherdin sipisahvod afionuaray . alsdaeb lnedpstb bal bda eoittihg.
Subsequently,the spegading andhthsamedulation patia salrier hegypRck e eifestegud he drverse

sequence takes ﬁs}ctoursfe on the g%rghof tpeﬁgg%gh\{grﬂ'rhlilsé Irl)ggcedure has the advantage that standard
components rﬁﬁ’y PE et 4 e For exarﬁ’!rsxlé)a spreacferf(?e-spf’éader known per se may also be used for
a newly developed system, A newly suggested combination according to the preferred embodiment of
the invention howevambagthe advasiagaithapradieparate Bynabiohisdtieitiprocedureésadésiieicessary

for the de-spreadi [ iehj for. th ion. i -mode.
Rather, the si%}%%%%%%ﬁ%h%%%%ﬁ?%% %%13% gg%’}%ﬁ%ii?a SODQTS}%%%%E%%%%%\. The

de-spreading direikdetRAsFsSBHHE SynsoIELam i GhdePtaRain BIRUATHENRESVET RERY (e
decoded/demaidkilateddinvire: tparhtiondf mdaulatiohldtoexantipld DRSKHOsduiation) cfeinghich

M G e A el s g e A
code cycle) peﬁ%%@l’éﬁi%%@?é%@gﬁég%%&% ?é'\lgf%%rétféi] EB 500‘(%%%‘%% %ﬁ).(ampl%?é eﬁﬁi?&{,l?r}fé signal
is modulated entobanetsricrsidnah sftBPiHe shftaanspeohain Mbdletin.deg peroricretndfer. As
already mentigneghisheicarkier-Hersency sRayheequahiaiherobipiegfeqiency. Hbdmeadisation onto
a carrier signal has the adyaniag %.aiﬂ%tgaaé%%%&@e"fgﬂaé?é H&%ﬂ@%%%g&%%@&%&m%ﬁ&g Weicxsange

which is sufficien fy |stanceg from the very low frequencies Z etc.), which are

rone {o
interference. ThEEsREalTES: BRENHBIERH S &bl HEFTRENEF BRI R ?n%ﬂggﬂ?&? oBecarrier
even if this is najpaciecessasyrpbetonditian dosithefiouentiOmeanaythiscspreadisfeettufnrmodigéted -6
signal (with regard fo informalip {aahaolagy cLeresRends (a.akpgisRandcrgnalimarasabe
transferred dlrec%i/ - as the Cﬁ%g ma}/ 1be - ,afger a suitable filtering with a low-pass filter. Itis
possible to trafSAIEWHIHE MEMRGHAESH g to the invention, in a burst-mode, i.e. immediately and
without time-consuming synchronisation steps. The acquisition (synchronization) and the tracking

require a higher signakipqngiseatiaihas e aciuabiraaivingeFopdl this reasdHRERFENG thea
preferred embodiment, the codes are, addedup. and ayerpded) (eompiRIng) |.ordss sotpbave to
rely on a pilot sequence feampie Tor xampl 3 the codes are averaged with the help of & combiner
not aided by dat&! e ERRaTdeacN DAY, T RA HakabsRErEs B R sHmBRaHosr L d8tRERbols, for
example with adaRgK-dembauatanant cikefdablyywheppbombiningpatsteast thalpteférably directly

consective sighal Rerenass Al NERdR REBaIR GG UmSiABGes e imalady denaih of adata bit are
correlated in each case with the s orel(?%éode, and the results are addeéj adégsted foc{. the god symbol

value. The add¥{AIBEFHRANREY WA SHOAHSARPHE EEIIEHYR SRYHE BAKHG T8 Shtain
signals with a partieusafycopssignialfesoisgleatitatiDrackingaidstoobaenesisl stootoas thiedtracking of the
reC(laivler with regargieht %é{h@@ééﬁﬁﬁ%éf SﬁélE&E‘&ﬁmqﬁéﬁcpgﬁﬂi@&gﬁiéﬂbmﬁm\ﬁl@%ﬁéﬁhed ]
early-late-gating method, The adjustment for the sign,.with PSK- ulation, is.pr ected by
way of a muItiﬁﬁ%é’ |on0E)§}mfélt j%-tglér%%%é B |orﬁpv%ﬂ%ge\%ﬁgﬁye af%%t%%%ﬁ}éa L(jfgﬁ\%%s%g]r% %r the
r-lative complesoargtiniepibe sreedues égharseatesrdingas esiriessintigy. (for compinglGlso
envisage the datacwakehinshe dnacismittedsheing séoh dut db@aicehtinubokiyqepeatsddararicmdo that a
constant bit floy s, iransmitied: Ehe Jgeelyslman ie desianed aichiihal iBedsroringahiile data word
may set in at any starting point in time, thus as soon as the receiver has recognised and acquired an
incoming signﬂéﬁ%%ﬂﬁ?ﬁ%@ﬁﬂ?‘ﬂ%se measures ensures that the transmission and recording of
data may set in at an earliest possible point in time. There is then practically no temporal delay
between the point in time at which the receiver recognises that a signal arrives, and the beginning of
the data recording.



Alternatively or supplementary to this, one may of course also envisage the apparatus transmitting
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 actiation by way of a movement detector, a
suitably designed wake-up circuit or any other means. -7 According to a special embodiment, a
plurality of simultaneously applicable correlators are available for the correlation method. With this,
one may take account of the condition that the frequency relation between the chipping frequency on
the transmitter side, and the sampling frequency on the receiver side, under certain circumstances, is
not precisely known - SFEEHRES %H&?f?@%ﬁd&%@ﬁeﬁ‘é@&fﬁ?‘&?tﬁéeﬁﬁ%ﬁ]ﬁ&éﬁa@ ot Fetif atelrate.
Virtually, differentddiipipingfire gxrengies dretebtéetaieivitithe differenyimpridiitorsdmatignifieant
correlation onlysgegurs witluthematehings HRping fsequency, angatmpstouithogiacestieguencies.

The different copEBIBIS IALCOIERRONS LA 3 IMAdIIAN-SAIRNG AAng! of a.gHpR'NG aadeth
different sampling frequencies {)or_- which is eéxﬂlva ent and comes to the same thing - to the imaginary
sampling signaleGrERTERiRg-EbaEES D Bifkt Shiem R ey JRhETe don ApSRiviE S5 ARRNge
frequency). Thiphmeans thaftheendih andiphbserst thékiiigrahiscordintorgdarelidameditorthe
respective frequgnayshift, Jypicalyidthe warselatons srei g yantisised d0.a segeiver; safemling dnterval,
preferably 1/2 %thae cihégtygirqg length (corresponding to double the chipping frequency). According
to a first variant, &lgppfuraﬁty of correlators - the correlator bank - covers the complete width of the
chipping frequency uncertainty. The acquisition may then take its course in a completely parallel
manner. As further altématilieg the tborieiangpbatic raayroriios drcaipasofpaapossiplestigidiency

inaccuracy, andsibesamptnadieduanad aruviiche guivalenhdodbisihacolripiatorybprkeasia whole,
may then be changed g &&gg&;%%é&@%&'%@%@ RosailedraaHensiss Mt a.rofrelatps results in

significant data signals (co (partly parallel acquisition). A caqrrelator bapk may be fixed
and have a fixe@f‘%é&ﬁ%ﬁ%}i}‘?ﬂa‘ﬂbH‘?oﬂﬂ?eh-aﬂ%an-ds% &%%’%Sa‘béﬂ%ﬁe}ﬂ?g%%&i{}‘eﬁﬁ Bgﬁe%h%y provide
a fine tuning, adeording iodaredethel samphieigareguie ncitisssngHty Hirastell badet oriedird)dtion
values (obtaineghfarexamplefrenmihle tgakiagh contAtending terambiipmalive érbetlineebt, which is
particularly suitahle for systemsith comparatively aceiiatesiockgepgratrsan thadpar qhithe

transmitter., one uses only a sj_rlg?le orrelator. T, lis ma%f?e usgc!}to&fetnr{ier vt\(li'éhsargx(%g s%rr;gptl}i]rég
frequency in the S8R BPh S &S IGETRRLISHA. AftEHRatVRIY R Sambling fréGuéncy may be
changed in stepswidrtipeenaia tagRsiraamaneigHiicHt htd MRS HIAFSIRIakes 18 ERtcHa are
available for thejacguisitiane efcelhichTaideastoine: piefieaiiy dhothraher appliedt erwgmpeisdesyor
absolute value gjitetgn. ;and.a L GHtETigRd0%AMPHECe L RRSULE YalyaRHtBHoRHS Rased on a
comparison of a{pe\-"f ys%%%Fo%édagﬁgeg{eKaé%%y suggested combination according to the preferred
ernbodiment of the invention however has the advantage that no separate synchronisation
procedures are pecessary for the de-spreading and the demodulation, which is
advantageous for the operation in burst-mode. Rather, the signal acquisition carried out for
the de-spreading is also used for the demodulation. The de-spreading directly delivers code
symbols, which under certain circumstances yet need to be decoded/demodulated (inverse
operation of modulation, for example DPSK-modulation}, for which however
synchronisation is no longer necessary. This embodiment requires the existence of a fixed,
predefined relation between the bit frequency and the chipping frequency. A chipping

sequence {a code cycle) particularly preferably has exactly the length of a code symbol.

Preferably, the signal is modulated onto a carrier signal after the spread specirum
modulation and before the iransfer. As already mentioned, the carrier frequency may be
equal to the chipping frequency. The modulation onto a carrier signal has the advantage,
that a large part of the signal power occurs in a frequency range which is sufficiently
distanced from the very low frequencies (50 Hz etc.), which are prone to 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



- 8 - maximum (peak) with a noise level. lithe average 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 correlator- (code-) -Length or defined fraction therefore. If 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 mustigsdolrgriyesntantiovertipr riEsskEs. (5 etrIaprithid & bRsiryidotisRathease that
the chipping freguepeyrgiatlyclianges betwear different hitsr a sufhigdfiventigrvishpaitictanly
preferably carrigg Qut, such that from the very beginning, one may rule out more than one portable
apparatus (as a transmitter) participating in a data exchange. This may be ensured for example by
way of the transmission frequency (or the center frequency) being smaller than 10 MHz,
advantageously not lakgisrrpsdle I ansaiteiia e JrefepsorycRBtTgr et B TRz DA AWEnally, the
transmitting powesdshiod ishhedaramall thabth eraapacitivene sistiiecnaingepnl fierctionsiat small
distances. The flfiment ot ihese conditions is.ef partichlarintgrast fonthe spplicatiomefamsecure
access control". Then spgcifi%all}/, the condifion that th?e%[ Q%!T{gc%atiecg]rt\ @e inJormatic%%t ansmission
ulfi

past the human%??d‘if% rARSMTSEls A FHeat t%g Pomsay may Rot be Fnef'i\scﬁreesd,a‘lrsef/1 ?Iea. It is then

ensured that thanlAfreraser resdinaee By e dercesyé PoSSITaRa SridRiaratrdnT tReEHBRAGR
apparatus whickshegiseritouching thesgeratiit swrtate i Jeoateddnnits ddetbyiditityneadaes on him.

On the other hagdan glegirogesemiltingsionalswrulshalse actaaan anganrabhigBrs Frguencies
than those specﬁ'kgék demTph%invention also relates to a system for transmitting data, which comprises
a-transmiting

atr, .
at Least one da t(?or example portable) apparatus and at least one write- and/or read
module. A corresponding data-transmitting (for example portable) apparatus and a write- and/or read
module are likewise subjdetahiattendaf thebinepntionicificwpparitublzotitaitls twosehatirodemtetween
which a time-de&%gg%eé%q@q@al Meltagermay &@@ﬁﬂ&%ﬁt@hrﬂaﬂaﬁthe@@eﬂﬂ%t@fﬁg rentgrflow in the
human body of i user, when, ane efihedus. cledtiaden aranasd n e diecbuieipiabie body.
and the other orie Somewnat distanced thereto. 1che write- and/or reag mﬁgule comprises, a detector
Pa

which detects afvalEEkt¥Y ol addrb ERCARE IENRS BERICBPHTT PR ARt Be. The
first electrode istgekimmlly abtamgéshde chitthapantihédpexstihgoohditioidatgitodateling theo b - direct
vicinity of the huag-hady 2f thaugansibmay felcexample ReAesionedrasaniopaaiisgsutidce, as a

handle surface, a door knob et [ t or,.exan S 2, lectrode.
The currents in fﬁaeyg%dﬁ?ﬁ%%e%%éﬁ%ﬁgt%g%gg atiL"i%g] g:)&#d;%;(g%%z%gg% mﬁggéﬁé%sg?ﬁ%s%ive

coupling betwedRaHEBIctid Fo SPPAAIRM- arsHiRMG SRPATLES M dtha B OFHE W ReY ahd/or read
module.  Thelif§iadzmedsitien vontrotieidhsasintbas the tetebdepeadert fetaclatat Vol sends

out an ultra-widebant-spread-spectinmnedotated:sighrl dprtbeigperating condition. The write- and/or
read module has a data-acquisition- and decoding unit, which decodes an incoming spread spectrum

modulated, ultra-wideband signal. ) . . .
One may also envisage the data word to be transmitted, being sent out in a

continuously repeated manner, so that a constant bit flow is transmitied. The receiver may
be designed such that the recording of the data word may set in at any starting point in
time, thus as soon as the receiver has recognised and acquired an incoming signal. The
combination of these measures ensures that the transmission and recording of data may set
in at an earliest possible point in time. There is then practically no temporal delay between
the point in time at which the receiver recognises that a signal arrives, and the beginning of

the data recording.

Alternaiively or supplementary to this, one may of course also envisage the
apparatus transmitting data-containing means, the effect of which is that the signal is only
emitted temporarily. These may include the rnanual activation of the apparatus, the
activation by way of 4 movement detector, a suitably designed wake-up circuit or any

other means,



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 subsequentty-described embodiments. Preferred
embodiments of the invention are hereinafter described in detail by way of the drawings. Thereby,
there are shown Fig. la schematic diagram of one embodiment of the method according to the
invention, Fig. 2the method steps taking their course in the portable apparatus, according to one
design of the method according to the invention, Fig. 3the processing of the received signal in the
write- and/or read module, up to the sampling, according to one design of the method according to the
invention, Fig. 4the progessing o themamplingsighatindhsiwiite- andiafutaasbmndulghlicable
correlators are available for the correlation method. With this, one may take account of the
condition that the frequency relation between the chipping frequency on the transmitier
side, and the sampling frequency on the receiver side, under certain circumstances, is not
precisely known - specifically when the clock generator of the transmitter is not very
acourate. Virtually, different chipping frequencies are tested out with the different
correlators. A significant correlation only occurs with the matching chipping frequency,
and at most with adjacent frequencies. The different correlators may correspond 1o a
imaginary sampling signal of a chipping code with different sampling frequencies {or ~
which is equivalent and comes $o the same thing - to the imaginary sampling signals of
chipping codes with different chipping frequencies with a fixed sampling frequency}. This
means that the tength and phase of the different correlators are adapied fo the respective
frequency shift. Typically, the correlators are quantisised in a receiver sampling interval,
preferably V2 of the chipping length (corresponding to double the chipping frequency).

According to a first variant, this plurality of correlators - the correlator bank -
covers the complete width of the chipping frequency uncertainty. The acquisiiion may then
take its course in a completely parallel manner. As further alternative, the corretator bank
may only cover a part of the possible frequency inaccuracy, and the sampling frequency or,
which equivalent to this, the correlator bank as a whote, may then be changed in steps over
the whole width of possible frequencies, until a correlator results in significant data signals
{code symbols) {partly parallel acquisition).

A correlator bank may be fixed and have a fixed frequency relation to the — fixed -
sampling frequency. Alternatively, one may provide a fine tuning, according to which the

sampling frequency is slightly adapted based on correlation values (obtained for example
from the tracking).

According to an altemative embodiment, which is particularly suitable for systems
with comparatively accurate clock generators on the part of the transmitter, 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 availabie 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



according to one design of the method according to the invention. Fig. 5the processing of the sampling
signal in the write- and/or read module, according to an alternative design of the method according to
the invention, - 10 - Fig. 7one design of the tracking, F&g. 8one design of the decoding of the code
symbols, Fig. 9a schematic representation of the "combining signal” as a function of time, to 10very
schematically, one system according to the invention, with a portable

maximum (peak) with a noise level. If the average 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

feast roughly to a bit length. A bit length is simultaneously a correlator- (code-} —length or
defined fraction therefore.

If several correlators are present, the signal is searched for peaks, not only as a
function of fime, 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, Le, i 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, one may rule out more than one portable apparatus (as a transmitier)
participating in a data exchange. This may be ensured for example by way of the
transmission frequency (or the center frequency) being smaller than 10 MHz,
advantageously 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 funcrions 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 &
fransmission medium so 10 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 thao those specified.

The invention also relates to a system for transmitting data, which comprises at
least 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 a
write- and/or read module are likewise subject-matter of the invention. The apparatus
contains two electrodes between which a time-dependent electrical vollage 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 vicinity 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 electrical currents between a first and a second electrode. The first

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



apparatus according to the invention, and with a write- and/or read module according to the invention,
Fig. 11a schematic representation of a system for theyinformation transmission by way of radio waves,
according to the state of the art. The system according to Figure 1 comprises a data-transmitting,
portable apparatus 1 and a write- and/or read module 2. These are have the ability of communicating
with one anotggdn ﬁ&ﬁﬂa@f'%ﬁeaﬂ&%r%kﬁﬂ\@ MaNRer. \fla e, gy efapis el iigaidikegh
capaC|t|ve/reS|st|ve couE)H betwe mlttegiand he rectelver Th% la fer is the ca, ﬁefgpr

example wheRHR& USer S (E)ur} readin ing Sut” ecty onto areceiver elec ?rgdaeecg}w cted to the

receiver.  AXEORKNGHG ﬁﬁe&ﬁ@@?ﬂ‘i’oﬂe%ﬂfﬂ%’c J@ﬁ]@%@@p’(’é&& deRtAl st BstarsEERe
ultra-widebanghsigfiah isfiransfespack capaciivetysandiorresisiivelyfromithe:potiaiide aparatus via the

body of a user, to a.wr g g%%g%pcgﬁ;git% ggﬁhgg@ggga&,g}% for.gxample be digitally present in an

EEPROM-memory, an to 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 dirbt spgaenceisphead spedirdniusiethed ffantrtiveteford cmbntiinisithe wibesation
with a per'Od'ﬁéUa/sr&&%fﬁt%ﬁrﬁmﬁHH%Q&ﬁﬂH@i&F cEDEShiRBING SEILRACE, '&QBH%B{’%@C@B@&UM

pseudo-random bit sequence and is o.called code, spreadin ode or Chl he time
duration Tc=Ilit" S AHneIATATIhS 0@ n%lgﬁearcd{ﬁa" suo % erlo 53%7% T; 153 pit

actﬁe mbo eng
frequency). mﬁ@m@edE@@hSP@@%‘@@p@é&@@éédﬁ@ﬂMﬁﬁgﬁmqwhlso concelvable for example the
frequency hopping method or pulse position modulation method. Hereinafter, embodiments of the

method according o fhe IpyeRtan sre isgased whish 1k based a0 the dietcausnegRread

spectrum method. S, 1.e. CO engt I‘ exam B at the most are

particularly pré‘PQrFE%I Wt%@%f@dﬁéﬂé@ é‘*ﬁ?%%“gpt@c‘t}ﬁﬁﬂﬂﬁliaﬁ]l’aﬁ@ﬁ k&nﬁeﬁ)‘éﬁ?éu’f&m Bbterably
codes of the ldngytmiB cleuitedsuresiiod GRaMA(gadedivisicghenubitipielasodss) areyrevided yin most

embodiments described embodiments.

Preferred embodiments of the invention are hereinafter described in detail by way
of the drawings. Thereby, there are shown in:

Fig. 1 a schematic diagram of one embodiment of the method according to the
invention,
Fig. 2 the method steps taking their course in the portable apparatus, according to

one design of the method according to the invention,
Fig. 3 the processing of the received signal in the write- and/or read module, up to
the sampling, according to one design of the method according to the

invention,

Fig. 4 the processing of the sampling signal in the write- and/or read module,
according to one design of the method according to the invention,

Fig. 5 the processing of the sampling signal in the write- and/or read module,

according to an alternative design of the method according to the invention,

Fig. 6 one design of the signal acguisition, for the method according to the

invention,



Data is again multiplied by a signal 21 of the carrier frequency (demodulation) in the write- and/or read
module, whereupon the received signal is synchroniggd with a code signal produced in the write-
and/or read module, by way of a correlator 22. A decoding 23 (i.e. the production of a bit-sequence
from the received signal) subsequently follows, whereupon the decoded data is processed in a data
processing ur}:i{gZA}. The praesiesingipé theidata may for example consist of the verification of an
identification code: on agreement - in the application example of access control - the release of a
property is effected, for example by a control signal to a mechatronic unit. The processing of the data,
alternatively tBighi%, howeveriHASRPEBMERTWHRISH M6 RO flsr BT Sieps, and/or steps other than
merely the verification of a code. Furthermore, one may initiate a further data exchange via the
capacitive andigr gesistive jnfarmation rRosmissian ARdiowa athetehanngls AThe Gapagitive and/or
resistive information transmission as a whole is typically unidirectional, possibly other channels may
likewise be unidirectional, or permit an information transmission in the other direction or a bi-directional
information traisrhission. Farexampletchidytramsfesiofeantesdmgednthhenneyideseiibediserd]enay
serve for building up a compupigatian.-channel (R acapAGHivad esisly BNl aniQr ivaudifferent
way). Examples of information tr. nus{nit%sionvn;l 1ﬂhods are also described in the international patent
application PCT/C11 2006/568 Ié‘,’vx(/}hlcéhulﬂs eexp{fre?ssly referred to here. Hereinafter,
implementations of the method according to the invention in a write-and/or read module are described
by way of exepaplary embogligaigsisy reaysehfigues 2 4a8nT herdleyinthesiallowing pnibklemttasks are
dealt with: A direct sequen reag [ i at the receiver as a sequence
of chips. If the ratio betwee%ﬁ%@ﬁ%ﬁ%%%&%g%%%ﬂ i\&g%ﬁ %?u%rf@é%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 ascert@ir wiyerenimeacticase; aligwecodecsymbetshegidstirtansanivigg ¢hipablguence,
in order to Obtgiga«:@aaig seayence kyway plehipwise muliplicationoe- depepdingren 4Bgity of
representation/resolution of th datarbg/ \ﬁa{y of an XOR-operation) by the chigpi\zn% §9de alsg stored at
the receiver. THE'BPSEEHUIR SH R FUEIRTTAN b tRE Lode™ M I symbole Bt a bit length in & chip
sequence is heeidafterealisdt seppisitoncsiar: s Proides DEE SR BISTS B R BRI RATRSRI(6F-
XOR-operatiomhgatfiad out ighktheasauisitionhantadditinnlef thechdesndinchip, dasesequenaes is
called "c:orrela};(éo&".6‘1!'e e avera iH .Q em[% q;%{szg%tg __Q{fe}he correlation with different chip part-sequences,
which is purifiecfo?/co e symabo values, is cal eg "combining”. 2. Systematic, time-dependent
deviations which are not caused by signal and which may be represented as rotations of number
values in the complex @lasdén g aslienitl g samiplisig sign dhgivenadsimperfe crsindhdoisation

between the cagriel freaueNcyganelalpron.the tapmitiay sidevandhesampling fieayrpeyigenerator
on the receiver side. This situgtion must be taken into accqunt wit eaghiopﬁ;atl n V\ﬁh which
consecutive s{RIIHES SR Qfgldqg BREENStReFTATT r‘?fﬂﬁ‘z &t oA S 10 be Ut é)ata 0

0-be undBrstood 'S5 complex in
the following desorptidr: {hgitis contestitive AphBEBROM-veimehdRagtds thebigenentisf thEabmplex
value. 3. SpecificalinthesRoystematic devatiorehavernifestivid RRSK-demadatatiosiondiere
artefacts may ?é‘i.s?h‘évré&”eéﬁ‘ %5&&%1@%8&%&%&%%@% %X%&let%esﬁggpg%e@ Qéza%&qr%quence
spread spectrum method, and therefore contains the medulation 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
Te=1/fr of an individual chip is smaller than the symbol length (bit peried) T5=1/f3 (/5= 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.



Figure 2 shows the implementation of an embodiment of the method according to the invention in the
portable apparatus. The data to be sent ("data in") is for example called up from a data memory of
the portable apparatus. It consists for example of a shdrt bit-sequence of for example between 40 and
500 data bits, particularly preferably 150 or less data bits. An introductory or concluding "sync-word"
31 - a bit sequence known by the user from the start - may be joined to the bit sequence. The bit
sequence may be coded in a cyclic manner as a possible alternative to joining a "sync-word". The
cyclic coding has the advantage that the method may take its cour%e maore ra i(;% on defoding (as will

|
be made yet more clediEF BYivaPotais S BLERRIR Y FEECHGSh Srmig! B Mos $RPYHEATS

1rythe error
recognition andfeferedroohndotorsisreodediread ferhenstapdtaihisanthyafordramprigsdbifected for

example by way,aéjoining ematkleastaneneiRGebit@sEERC wded ddhighh paumifteaacyakt redundancy

check (CRC). Op&@ea%}a@%tmxﬁsmethods instead of a CRC check, which may check and/or
correct the conglstency of the received data. Systematic or non-systematic codes are possible. - 13 -

The whole sequence of bits - including the optional constituents "sync-word" and coding-bit(s) are
hereinafter called "dafaawdsdtain mpiiafbedisly akswhit whilidssert Beguarachlsmslsigidpeated
manner at leasti@using-admasailtingdperieteaipan tviriasudtedhit #ennatisesed hétidrmwikg-up of the

data word by th [ inat ' {ptdn ti IGhdSHebW Reexpiaine
hereinafter. Sﬁ%%%gﬁgn%ﬁtﬁt%%q{%%ﬂ%%%gé%%ghﬁthﬁgﬁgéﬁwod of t?iffﬁarl?c%;t?; phase

shift keying DP &#-rStREH & SRt ﬁf’éeﬂg?&cﬁébo%t. h& digite I%‘%ﬁ%l WhIcH Tias arisen, is then
multiplied by a vgerapatihssieeiisd dadopProshipising i BoceasiBatBalietfoon modulated to the carrier
signal 36. Finally, a low-pass filter 37 is yet (optionally) arranged on the output side, by way of which

frequencies of more thgp %R%Q%&E%@Qﬂée&d‘{@%%ﬂﬁ% denthacasghaldenle arigRasobmare than
fc+fcamer are cli E‘eg In the case that the ck%lpplng]frg%%cna%%/ ise.;j,(mall r {;['Q%Qcthbe gﬁaﬂr{riglr jr&l%uency, a
bandpass filter {§% ﬁ?ggecgﬂw L& ReEha of a?oﬁ-pass?ﬂter%?? He emitted signal is indicated
in the figure at Tease of a property is effected, for example by 2 control signal to a mechatronic unit,

The processing of the data, alternatively to this, however may yet contain one or more
further steps, and/or steps other than merely the verification of a code. Furthermore, one
may initiate a further data exchange via the capacitive and/or resistive information
transmission and/or via other channels. The capacitive and/or resistive information
transmission as a whole is typically unidirectional, possibly other channeis may
likewise be unidirectional, or permit an information transmission in the other direction
or a bi-directional information transmission, For example, the transfer of a message in
the way described here, may serve for building up a communication channel {in a
capacitive-resistive manner and/or in a different way). Examples of information
transmission methods are also described in the international patent application PCT/CH
2006/000518, which is expressly referred to here.

Hereinafter, implementations of the method according to the invention in a write-
and/or read module are described by way of exemplary embodiments by way of Figures 2
to 8. Thereby, the following problem tasks are deali with:

1. A direet sequence spread spectrurm modulated signal arrives at the receiver as a
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 to
obiain a bit sequence by way of chipwise muitiplication (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 recognition of the code



A (single) clock generator 38 is available for producing the chipping code 35, and the production of
carrier signals 36. The joining-on the sync-word, the computation of a CRC-code, the
DPSKmodulation, and possibly even (as the case may13e) the up-sampling, the spreading, and the
(then digital) modulation onto the carrier, or also only one or more of these steps, may be computed in
advance, and do not need to be effected "online" during the data transmission. 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 js located jn thé—:'adirect

vicinity of the electrod®BPAB R REE % e A Q8P RTARESS S OHEMLA F el RS et e i¥hiagnetic
radiation, primarily in thesfdeguehtye rdnpeibetwésp isoipy andChd wemtignd wYrndpef tisheffects an
increase of the "noisexctanalitactuadly dtisirn injertacercedevathsingg withthauwapiured sigials, it is not
(he case of noise In (e eI Can e, ol Sé%meﬂa&ﬁgtuﬁkﬁs%wamﬁcm'aﬁﬁf&§%i§wto .

operation only after the wake-up circuit has ascertained such an increased signal level. - 1

wake-up circuit of the FEEEHIBFIFSy 4SS ﬁ@%é%%ﬁ%%?rﬁmc%}%?? ﬁ&ﬁ&fﬁrﬁ%ﬁ%’l’%rhaﬂvely to the
above, one may envisage the circuit being woken up by the signal instead of by the noise-/interference
level. The wakezup mgyseamiainiiwne gifedil-ateteaaimmsweicn fusther aliern ayveghulisst arécheacts to

the noiseinterferenceeys), WhlslA5e4000 AN SeRFEN searshes rpe atRiplela signal

wherein depending on the situation, the one or the other wake-up circuit sets the re&eiver into action,
%% On . Derw & CarT

or wherein after asceﬂ%ﬁn?ﬁﬁ’%ﬁ%né%e%‘wgis@in@ﬁe fé%tcéwé PBY e firStWake-Up-circuit, the
receiver is only activafesdghenagnerseleoti e WaRSIHFTHeEH 2t e SemeH g Jor s AFRSTHE presence
of a signal. Figure:3shews thesinpUtrsidespraeessing ofithensignab&xwhith isdeopivetat the

electrode and transferged thraughthe hodyjnarapacitup AdloLIesistre-Manneit: filawoRass filter 41
on the input side has the sarr%}(g cut-off fre(%f%: as tlg‘]jeiloI -Rﬁss ilter.37 ofElh ortable aratus,

and trims noise compSh&fitd iRt e BpEvah Q3G A SEESRd %;@Sag%nlﬁ§gﬁﬁ% may be

1 4
& But=ot thres
arranged after demodUipheissn ¥y walyednaisatsy & mgmrmsttichespariaiiaisignal 42, and the cut-off
frequency of this second low-pass filter corresponds to the chipping frequency fc. The obtained signal

is sampled (step 44), whesginihe samaing,iegHensYds psferabii2! ioih stonk asnaiataids is also
present on the part of the Wl’i}{e- a‘tnd/or? read %d%% svsi It ieﬁigtag\y\]/a .g‘ll} I%rigrtrjlrses % &qg &%% (yivgll as - as
a variant to Figure 4 - Elé:ﬂ%is%?(hso{/nva diethod s epYoFrt%e‘acqum ion mayytgré Implemented using a
combining which is notdafaiiged. 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 multiplicagign,and addition af thedasulis: in Sedsalisase afinoisedimesignalg with a
known carrier si%nal \p@gtgg relggio{g}t arkgeigultsairrg1 trge transferred code bit (or the transferred code bit
sequence for co e & dFmore than one cﬁi%, 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 dTthelxhippingeootdeidnnthesHiguranople raksdrexiignisedshifmesyisteysBe 1, 52.2
which are connegieshin series.0tthe:enath: ohanshipping sedeipssipdiicoiidhedmgst peefested case,
corresponding t9.a cole fitperiod) for the corelalion. of 11 sRing. AghR! Wihihe shipping code.
concluding “sync-word” 31 - a bit sequence known by the user from the start - may be

joined to the bit sequence.

The bit sequence may be coded in a cyclic manner as a possible altemnative to
joining a “sync-word", The cychic coding has the advantage that the method may take its
course more rapidly on decoding (as will be made yet more clearer by way of the

subsequent description of Fig. 8}.

The data for the error recognition and/or error connection is coded in a further step
32. This may for example be effected for exarnple by way of joining on at ieast ome CRC-
bit as a CRC-word which permits a cyclic redundancy check (CRC). One may also apply
other methods instead of a CRC check, which may check and/or correct the consistency of

the received data. Systematic or non-systematic codes are possible.



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 favourablel315 - signal-to-noise ratio, it is sufficient, in
each case to use one shift register for the sampling signal, and a register with the code, in order by
way of the absolute value of the added products, to effect the acquisition and the tracking. The
contents of the shift register always correspond exactly to a chipping sequence when the obtained
sum in the absolute value exceeds a certain threshold value, and with the (complex) sum, it is the case
of a code symbol. This is illustrated in Figure 9 - again for the ideal case of signals without noise, and
a known constant carfier sigpialsphesecreidtion. ThedneriE opfiohd restiiseithaypaltierdypdiue
multiplication - gorrespeBtinghiadherettpidDfthe adder 54.1, is shown in the Figure as a function of
time. The sequence of code symbols 1, -1, -1 (before the decoding, i.e. the sequence does not
necessarily represent a data bit‘sgﬁgence) results frotm the signal in Figure 95Since ;ha% geigsttance
between the code symBHTERYkiBW AN ot eSBoRts To 2 BT HRIAEH TH PEHET récognising a code
symbol for the flsstrgnadrisimiripgineisd ho Phyeinfeceiehitdcansseut the SeEaferChvits the
sample frequeniay: prisingy it itdssuflicignbigieas yuoutstheicg mpntdtahsewithianbit frequebey pulsing
(in Figure 9 on%x%myngggépé{;gﬁé{alues of the signals at the peaks, not the data between the peaks),
which is described in more detail hereinafter. For the case of problematic signal-to noise ratios,

according to a particularly preferred embodiment of the invention, a combining which is not data-aided
is suggested. Figure Milisthatashdottseibembrmng, BreisbtieaprifafarsBedestetitfewitat as well to
triple, quadruplghNetimiesepmPDIfY - Savedat sHift wegistens:52tdp 52 . Zharégehsigotddncsdres for this
purpose, and in,gach case.argmultipliad with the.cege yalihaoyni@iie. AAthping code 35, and

thereupon modulated to the carrier signal 36. Finally, a low-pass filter 37 is yet {optionally)

aranged on the output side, by way of which frequencies of more than double the carrier

frequency (for the case that fo~fcame) ot of more than fo+fcumer are clipped. In the case

that the chipping frequency is smaller than the carrier frequency, a bandpass filter s

advantageously used instead of a low-pass filter 37. The emiited signal is indicated in the

figure at Tx,

A (single) clock generator 38 is available for producing the chipping code 35, and
the production of carrier signals 36.

The joining-on the sync-word, the computation of a CRC-code, the DPSK-
modulation, and possibly even {as the case may be) the up-sampling, the spreading, and
the (then digital} modulation onto the carrier, or also only one or more of these steps, may
be computed in advance, and do not need to be effected "online" during the data
transmission.

The receiver may comprise a wake-up circuit, which is not represenied 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 termmy). The actual receiver electronics are set

into operation only after the wake-up circuit has ascertained such an increased signal level.



the obtained values added. An estimation of the relative (in comparison to the respective next result)
"sign" is carried out, in order to be able to add the approximate absolute values of the results. The
estimation may, as shown, be effected by a DPSK-demietulation-type operation 55
(sign((Re(to2ck-i))); where "sign" indicates the Signum function, "Re" the real part, "*" the complex
conjugation, and rk, rkm two consecutive values. The result of this comparison provides the relative
"sign” of the two values, by way of multiplication of one of the values with the result, both have the
same sign, and with a subsequent addition (adder 56), the signal components representing the code

symbols are added cahstdeivR §iriHHeehd aBes 6T tREY VB sVrirst thB ABige IBEAKMdShat an
improvement irethgiple, alternatively to the above, one may envisage the circuit being woken up by the

signal instead of by the noise-finterference level. The wake-up may contain two circuit
elements as vet a further alternative. A first one reacts to the noisefinterference level,
whilst a second one selectively searches for the receipt of a signal, wherein depending on
the situation, the one or the other wake-up circuit sets the receiver into action, or wherein
after ascertaining an increased noise/interference level by the first wake-up-circuit, the
receiver is only activated when the selective wake-up circuit set in action also ascertains
the presence of a signal.

Figure 3 shows the input-side processing of the signal Rx which is received at the
electrode and transferred through the body in a capaciiive and/or resistive manner. A low-
pass filter 41 on the input side has the same cut-off frequency as the low-pass filter 37 of
the portable apparatus, and trims noise components whicli lie above the cut-off threshold.
A second low-pass filter 43 may be arranged after demodulation by way of renewed
multiplication by a carrier signal 42, and the cut-off frequency of this second low-pass
filter corresponds to the chipping frequency fe. The obtained signal is sampled (step 44),
wherein the sampling frequency is preferably 2%/, A clock generator 46 is also present on
the part of the write- and/or read module.

It is shown in Fi gures 4 and 6 as well as - as a variant to Figure 4 - Figures 5, how

the method step of the acquisition 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
muktiplication and addition of the results, in the ideal case of noise-free signals with a
known carrier signai phase relation, results in the transferred code bit {or the ransferred
code bit sequence for codes of more than one chipj, 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 sampling 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 rwo muliiplications per chip, when the sampling

frequency corresponds to double the chipping frequency. With an adequately favourable



signal-to-noise ratio of maximal 3 dB brings. The obtained sum and its absolute value (absolute value
formation 57) no longer contain the actual data (on account of the nation of the relative "sign"). They
however may be better used for acquisition purposes-or account of the improved signal-to-noise ratio.
Alternatively to DPSK- modulation-type operations, other possibilities for estimating the relative sign
are also conceivable, for example based on a decision tree. For example, the complex plane may be -

16 - subdivided into sectors, wherein the estimation is effected by way of a comparison of the sectors
in which there are consecutive values. == ) o .
signal-to-noise ratio, it is sufficient, in each case to use one shift register for the sampling

signal, and a register with the code, in order by way of the absolute value of the added
products, to effect the acquisition and the fracking. The contents of the shift register always
correspond exactly to a chipping sequence when the obtained sum in the absolute value
exceeds a certain threshold value, and with the {complex) sum, it is the case of a code
symbol. This is illustrated in Figure 9 - again for the ideal case of signals without noise,
and a known constant carrier signal phase relation. The sum Ze, of the results of the
value-by-value multiplication - corresponding to the output of the adder 54.1, is shown in
the Figure as a function of time. The sequence of code symbols 1, -1, -1 (before the
decoding, i.e. the sequence does not necessarily represent a data bit sequence) results from
the signal in Figure 9. Since the distance between the code symbols is known, and
corresponds (o a bit period 75, after recognising a code symbol for the first time, it is in
principle no tonger necessary to carry out the correlation with the sample frequency
pulsing, but it is sufficient to carry out the computations with a bit frequency pulsing (in
Figure 9 one only computes values of the signals at the peaks, not the data between the
peaks}, which is described in more detail hereinafter.

For the case of probiematic signal-to noise ratios, according to a particularly
preferred embodiment of the invention, a combining which is not data-aided is suggested.
Figure 4 illustrates a double combining; the concept may also be extended just as well to
triple, quadruple, N-times combining. Several shift registers 52.1, 52.2 are connected in
series for this purpose, and in each case are multiplied with the code value-by-value, and
the obtained values added. An estimation of the relative {in comparison to the respective
next result) "sign" is carried out, in order 1o be able to add the approximate absolute values
of the results. The estimation may, as shown, be effected by a DPSK-demodulation-type
operation 55 (sign{(Refn. 1 .1))); where "sign" indicates the Signum function, "Re" the real
part, “¥" the complex conjugation, and ry, 1.1, two consecutive values. The result of this
comparison provides the relative "sign” of the two values, by way of multiplication of one
of the values with the result, both have the same sign, and with a subsequent addition
{adder 56}, the signal componenis representing the code symbols are added constructively,
independently of their value, whilst the noise determines what an improvement in the
signal-to-noise ratio of maximal 3 dB brings. The obtained surn and its absolute value
{absolute value formation 57) no longer contain the actual data (on account of the
elimination of the relative "sign"), They however may be better used for acquisition
purposes on account of the improved signal-to-noise ratio. Alternatively to DPSK-
modulation-type operations, other possibiiities for estimating the relative sign are aiso
conceivable, for example based on a decision tree. For example, the complex plane may be



With a triple- or multiple combining, the DPSK-demodulation-type operation is for example effected in
each case between the output of a certain adder (fon gxample of the first adder) and in each case the
output of all other adders. Alternatively to this, the combining may also be effected in a cascaded
manner in different ways, etc. Depending on the application, it is desirable for the portable
apparatus to ggnpistif inexpensive-asRassiblescompeonerddeticiay then ke thegasadhatftthe clock

generator of tpe%tgrosr}gg@gi%p%%%gt&%' Eggﬁggg\;gltg&(ated in an integrated semiconductor component

(chip), and therefore may be relatively inaccurate. It may deviate from the clock generator of the write-
and/or read module by up to 2%. According to the state of the art, such a situation may be countered
by way of systematieity wariyileg dhenshipiplioginemae oy P tHe-dearmdeloba- tYpnierprorocedivte, until a
high correlatigq, yalue briween the samplsdinputaiopaband the stargdeade fis-ashieyrdoSush a

tuning procedure is also co#&dere for theﬁmethog a C(Illrdcl)t 1to e Invention, it is ngl%\éerﬂllrenportant

for the importdFht PpithitBh 8t Fedesties S isTtieative

_ ‘fré’lu,t%f eacomp _ét%_acqum [o]g] procédure not to take up
ore than a fractivhioing secoieh % wifiagdnthisaipaeedgamieh Bt PoSsiBleNAlestthe inaccuracy of the
clock generator is too large. For this reason, a particular variant of the combining and (in

conbaion i I BELUE EpgR I lolpliele imaytens g

( ( ave an inaccurate clock generator (no q_ucgrtizg and with
which a rapid BEEHRABRGHES RSERihTARRASGHISIHTRTH Y Frthe SaSmis it s esISifigl By tvay of
Figure 5. Wheseabihigyatantiissekplainekpyadincithesexampleri-tudratondetvandesa feditive and/or
resistive data fransmission,via thedurnan hady.with the.heli oftbeshrerd spactummstbogand
operating in the burst mode", it is also swtable%g{orgn other systems wi t‘iWh'Ch c_owgargb{e n
requirements PIE5 - PEAT read ARROVATY 1P Eigurss ,Cgoé e 6% iS4ppliedin'thalthe stored tode 51
is sampled withaglitfe rennsaedding freouentiostispbcificzing theenslag HlecspetyihBre M a8Empling of
the code 51 with,a gampli ?%%%Dﬁﬁt@fﬁﬁ(ﬁimmﬁ&ﬁefamw@B@%@éﬂ&i&ir’sﬂh}:ﬁ&d imghessamipling
step 62, wherely pvarics between a(negaliye) minmalyalusn).Ad AmRImAl AliGaRO- The
minimal- and maximal'valué depend on the doc gen%r%tor accuracy. In the example with 511
chips/bit and ascartinedeytst Posnfiprok LohoweagoEmorEw tiat e EBrericIRiGIP R YA Between
1001 and 104&:s mebtioneddnifiaily sa@ysiematioqeliase mngle rdtatipnoresthitts erfaccountiaf the
lacking precisg. 17 - agigement of,{be, glock generator,aldhe. ttansmitienand igesiverihisis:

compensated (phase rotatiofy 63) by way of correction’of the phase by a value 2x/n per carrier period
(nth per sampfJFREXASINGESdes of a length arises, which is in each case 2*(#chips)+n.  Itis of
course not necessary with the particular variant of the correlation described here, for the series of

codes (the code bank)taihe Rvalmatedinieash casmbymay ebasampling: fihecodambank way already
be stored in the electronics, or be already.set up directly in the register 73. So“{t{%l%hs R t%th regard
to hardware a éggfecél?gglglg%qﬁlggls? 1leV.V% 1§ﬁ}§ orre g 101 Sv%fﬁ)ger%ét Vgt Ana ogou§ to %tltgure 4is
carried out forlsasmigsteohthEedter bkl rd 16, WatRCOFrstatbich 85 EBHIPIEe MSEAS T a
simple combining: ariddmultiplecanohising:(daublecopibiningisitiguner®)] time - is important, is
explained by way of Figare 5. Whereas this variant is explained by way of the example of
"ultra-wideband capacitive and/or resistive data transmission via the human bedy with the
help of the spread spectrum method and operating in the burst mode", it is also suitable for

any other systems with which comparable requirements play a part.

According to Figure 5, a code bank is applied in that the stored code 31 is sampled
with different sampling frequencies. Specifically, in the example shown here, a sampling
of the code 51 with a sampling frequency of 2*(#chips)+1 (per bit length) is simulated in
the sampling step 62, wherein n varies between a (negative) minimal value min(} and a
maximal vaiue max(. The minimal- and maximal value depend on the clock generator
accuracy. In the example with 511 chips/bit and an accuracy of £2%, minO= -21,
max(O=21, so that the correlator length is varied between 1001 and 1043, As mentioned

initially, a systematic phase angle rotation results on account of the lacking precise



max0-min0 signals as a function of time result on the output side, wherein as in Figure 4 1/Q the -
complex, i.e. phase-information-containing - signal values and Abs absolute values, as the case may
be, with the previously described improved signal-to-née 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 t and - inasmuch as several correlators and thus several signals are present - as
a function of the correlator index c (i.e. the frequency difference). Respective maximal values are

compared to a threshold yalue 82 (step 83); a maximal noise which likewise may be determined from
tho absolute vAIE- TGP Cihre 5 I it TR ey 1 RS o BRSPS Araging
over all correlafpitases@igéafs htthraah oldovarid@pol BBk h thdekdEe d I B rESHH PVlitie are

stored in a datanesannsiemeni(fei-exacdipiein ErdikOmenticy witheadevam@hionispaces),
wherein the time t and - as the case may be - the correlator index c are stored. In a further step 84, the

time- and correlator difference between stored v&l%es are c mgared. I E[ored maxima m%k sense
rﬁ‘k? cmﬁ:]se not ne essarg Wﬂ ihe parkicular arfarsto £ Orrefka 101} esi:m &
and represent code s IS, they are temporally presentin regular intervals of a codé len few

chips, and havéesh &irésinefies e radisiiiexcetoREHR P EEVRIB e SAERAIn 88t WaY O Re
acquisition methegrisfinisbeddsmabnras alsededotsuch maan mgiubmaxion&h asdbéendoynd, and
the time s, as wgll as theqegrlatdime intervahd @ty andbeCaRe MaYRe.tbecosrelatian index c of the

"correct correlator are transferred to a next step, which here is indicated as "tracking" and which is
schematically r%?asfsésghted in Figure 7. Tracking is to be understood as a procedure with which the
receiver timing tracks the - 18 - transmitter, see below. For this, the early-late-gating may be used.
The regular time intersadcfrgarirespihdsmetbiod bitlengthitaRgte & coderfed gilt, ifrlcaddengerbit was

selected). Undeycetiina ouinstancasnit slegshohRavsdp:he takan fiomsthpiacaisitipg step, but

rather the knowmnuptl.t- or cn?t()iigihen(%%g Ac‘xcz-)m%l;% %?n Leéjn.2 ) The tracking step comprises one or more

tracking receivers, WHich IR €aén case process the signal of a correlator. Typically, in each case, a
tracking receiver is available for the signal of the correlator C selected in the acquisition method, as
well as for both adjacent-Gorelatspsdls bani@:Hbn Metiodsearlt conceimgbie sidierehesin @Gand C+1 -
receivers mutugily,help the fackinggfthe sopplationpeakpasiiomidhis meansdhiat whensm tracking
receiver loses the signal,.it gbtains information, on.: i iti ol t ing receiver.
The example sf?g@v&n%ﬁ f&ﬁ(%'eg?g‘fe%%e@% ﬁﬁ%s%%gm%}%&ﬁgly%%% %g&%ang abs%?ute value
of the extrapolieHT &S RATREPBeak 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 eachmase-prCRAIGIFOMER cansalidated Mk dind ebadeak {tepiesenting a
code symbol), %eg'ﬁatssa&%gﬂ}%ece%gf%&fgﬁaxgkﬁe&.%Oragapgmmrsg 1+I4to iheshspected paint in time
of the next peakf, t+T-1 and t+T+1 (the directly adjacenf signal valuesI). One dl[ferent ates petween
four cases in a gléﬁ;&g}z:arai signals are present - as a funchion of the correlator mdex ¢ {Le.

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 cormrelators or an averaging over all

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 7 and - as the case may be - the correlator index ¢ are siored. 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 ¢, as well ag the regular time interval 7 and, as the case may
be, the correlation index ¢ of the "correct” correlator are transferred to 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 fiming tracks the



The largest value of the three data points is the middle one (corresponding to (+71. The peak position
was then correctly extrapolated. The position of the next code symbol is t:=t+T. 2. The three values
represent a monotonous, descending sequence. The nEkt peak is then earlier than is extrapolated.
The position of the next code symbol is c:=t+T-1. 3. The three values represent a monotonously rising
sequence. The next peak is then later than is extrapolated. The position of the next code symbol is set
a.s 4. The smallest value of the three data points is the middle one (corresponding to t+T). It is then to

be assumed that the peak position was completel ssed, The peak position t is rejected for the
gating receivertf,a('i‘ﬁ@é”ﬁre(f.gfng %‘%&s%ﬁ?’géﬁn&é&%@%ﬁe@f‘% B‘gslf Bh %l‘h eﬂgﬁsaerv%nrlael times (or
inasmuch as ofeviak GatrgsreceiEr isplasémethdphtingarsedivirediedtslopelpasiiBh) “iie
procedure is - &cieOimplalelyahortadandatihesatginsitian step is Betikta dciiorhagedgnisasthe case
may be, after fygther, cIectionmechaRisPsode liFA eGP RRESignal values, a second decimator

93 selects that one which in its temporal position t 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 surfifiFaciethrIe SRS SEURN AR ERI4NE SRABNTEY) Viee BURMRIRG ST three
temporally adjagentssigraliyaluetanakekserSepwhign sot:dole dive.chippliggfrequendy haddbéen
selected as theféém@m%gﬁr%@lwgar;éﬁm;@&@y@m@%ﬁnﬁgbm&mwmm%ﬁ%mwe values
may make sense,n empodiments-with igher SampINg, fredyendics, Thegatag fngtion may aiso
contain more ¢ 6%1)% Agoritiis in these meoglments, wherein one always follows the principle, that
the maximum oPEEE 56 BKITSAE AR S WaSHING A GAResiiomprik FOgHOBOBESTBRES FESBORY to the

prognosed point irktithe dbeverdgnasisefoipthd podkipasititnrisadaptediacicond ipgiiyion frok eode

s_;:jmbol or a segyencs: af.aqde symkels as a function of time, result per grating receiver on the output
side.

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 vatues 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 +7 (to the suspected pomnt in time of
the next peak), r+7-1 and +7+1 (the directly adjacent signal values). One differentiates
between four cases in a subsequent decider:

1. The largest vaiue of the three data points is the middle one {corresponding to t+7).
The peak position was then correctly extrapolated. The position of the next code
symbol is £i=¢+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 £=t+7-1.

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

4. The smallest value of the three data points is the middle one (corresponding to
t+7). It is then to be assumed 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



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 withtBifferent gating receivers and which represent
the code symbol. For this, firstly it is 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 to how frequently in the above decision, the situation occurred that the
middle data point represents the smallest of the three values (case 4). Inasmuch etahs that - depending
on the selected criteriGAP S ORATFEFAT BRAFBHUERS R S FIRS, A LRSS HE Yo% ctive
sequence of code syrboifiasirdtesnsiidtedssaingssignificant, and for example the determined
value is replaced by zero. Otherwise, one uses msgLen+1 code symbols for the further processing

(msgLen: number of datg,bifs inglyding; syncaard and Gasling (R Ihi(s): Theaddiianaicode
symbol serves for DPSK-decoding. The three code bols are comb r!)ed b 20 dder 103, wherein
an adjustment iﬁi@%.%@f‘ﬁ?ﬁ BPEBSTY 0vh u@@[ﬁf&ifﬁgﬁftﬁé 4 é}?%c EG A wherein
represents the RESjRaetivererefietioheoflhaccoriatatotindeieadssidhetl ot gatin gHBEeN 81 Fbm the
selected "centraliigayratatQuemiy heliffes thearecipeqealiofidbe Carfienfragdpntye andiiigldsa the

reciprocal of the,sampling Sieauesy the shown.examnle. Gsah mg@tgpggﬁg;ﬁ tdigg fadjustment
104.1), 6=0 for%}rl?e midc?gr!(ine, ang}{é):é%fok?t ie lowermost Ii%e :ia%(ljl%smient 104. é- 2%%1 ﬁé{) The
out o

I 0 .
resulting seque e B?E&R?rﬁcetgicasde S %agl&smr%a%veﬁgegaﬁe ‘ e -C}I‘f{eaf n%_ ? %rﬁﬁ%{ r%g%ssarily in
data transmissiéHEEREMONISCHNEr J8tHes tMahravisuissa sscrmefsnsps, HEb thighd BARIRES

generated by a f2RSddemddulaidie] Omirom they stimmentdodesymbolsexthéseitepsesetitphase
difference data symbels. R sEeRUNLRS IieRRdlrsideRREKReduRlAN A3qkere dpmethefarmula
sign(tRe(rk.r*k.1%)39&9{jl be&? plited for. the Dan%K_- %nogulsatigtnmo_r a%%gwgrtgeroced%rs%ﬁfogh(%e%mple
based on a deciSion tree. " IR Combimation Wifh ,'f’ %-cfémoé‘u?aﬁmn, the p%qgl%m of’a rotation of
the phase by in &@8eh &8 5ecaiers fRathearrak AR EOBIHCEBEdEEEIAS the previously described
uncertainty with regard to the phase between two consecutive code symbols may result. The formula
sign(Re(rk.rsk.1)) thendogs nokagsut in s drapsieras databil sequense.but aaymbalsgsuence as
an artefact which trovi%ta&{rgﬁc{g Eg}r}n‘t rm tigpgicli:gr this reason, firstty the symbol sequence of the length
nisgLen is takerf 5’7(3 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 cof$isteafdnginhle:donmgutadiosy withsregard thstrdbpldsentspinbabfre8uency, even
if the sequence ig-nokknewn . ithisis neldhercase sihe:crAsRUAR) serMenee! asdrwRpust be
rotated (112) maimally, msgh.ep. fmes, i oflet 1o 984 in e ot siaring aoint s aqansas he error
test indicates a consistency of {ﬂe_sym ol seguerice, It Is the case of the searched bjt sequence. The
method with errdifessn £aing, BEiErtase MR hEHTSHIbIE FotaHBIF TP may s b Ehsdn/dd as a
cyclic decoding.decidadidigonmhnaepsiirosionaypdbegpiogidedi witreswiict thepiausibiliyiof héheceived
symbol sequencg it exapyRad:lay exampie, indhatadditionaliydothatiwhichdas heafqresionsly
described, at least, l:fl}%vplitré JEs ﬁ%etgefg% &gcaga%%n% ﬁ%ﬁ%%@%ﬁrﬂeﬂtﬁ%ﬁ{gﬁ&ﬁeﬂﬁhﬂﬁy be

designed as a CaFief:-test or as an equivalent chec BX way of such a c one m@o/nreco nise when

y h a check,
for example one B e T Es e 508! hmibere ilkrd ‘éﬁ%ﬁWgﬁ{Fﬁs@oﬁ? magPE it the
probability that ss@ediedsyritdishis borrectettdrrethensyong dirbetion e atéoghttofcs fABEESCorrection.
The symbol sequepeads srasfersadubisthe hiordonihprearacassings(gaatah ohtheisy acamprd idescribed

hereinafter). Otherwise, t ' [ W --IN7C/2
for e, .5, e B e o
once again, untif & 85h RSN BT 5 RIBRRE Qiﬁétgé’ﬁc’rﬁ%ﬁlﬁgﬁ%ﬁaﬁé‘ﬁ? & ég%%% ?ou%' . With
regard to the rotaii6m ATy, 2iidisend cade b ebRIVES TSR N-dcariinghdse Brenepleca®iyibol is
rotated by a valugeAfdhbitsdher thardbe P viorsone; kgjufamexaniple Me=l? iiedphasesoby a
consecutive Syn’@l%% %ﬁ(@}%ﬁt@y@’&{&%@&%&?&?ﬁ %résgrgts' the respective deviation of the
correlator index assigned to the gating receiver, from the selected “central” correlator C,
Tearr=1/foar the reciprocal of the carrier frequency, and Tg=1/f the reciprocal of the
sampling frequency. In the shown example, d=-1 for the uppermost line (adjustment
104.1), =0 for the middle line, and d=1 for the lowermost line {(adjustment 104.2).



With this phase angle rotation API1),, it is actually the case of a fine correction, which is carried out as
a supplement to the (coarse, i.e. samplewise) phase angle rotation according 63 to Fig. 5, and one
takes into account of the fact that even with a found co#€lator which fits best of all, a small deviation
between the transmitter- and receiver-side pulsing is present, which manifests itself in a phase angle
rotation between the code symbols. The necessity of a phase angle rotation ACD", may be avoided
when the correlators of the correlator bank are selected lying closer to one another, than previously
described, so that a fi corrthlon IS no longer necessary. It is not known a priori from the data bit
sequence, at which bllilw SHHHPBSGHE S Oftﬁb\“?f&%ﬂéadﬁf*é’ﬁ%ﬁ)ﬂ’%t? BT ERIEES a itiori.
Rather, the actusf-begineintEesipktana ditestqueniceanusibéndoternvipeitain Lofifkt qegyisisize the data
is sent out in a gesnlifko uslysidheated mannew angefhe:sianing poiskiadinaniithe teceiverside signal

26 has alroaty FoLR LS gLp‘”:“d%‘?‘g‘eEq‘q‘%%t”‘s B ol the.
rotation 121 of tHEHit'€8 l}%%r%(c:jgl oasér |3h|§5t fon BEIHY: a‘ihf'h% ﬁﬁ%{ﬂ%ﬁg‘ﬁﬁhégnﬂg %8ﬁp§§ it has
been found, thef@yise- Wgﬁﬁ@f}é@%@c@s@%ﬁw h’é’ctﬁéf@d?ﬁ@(ﬁﬁéi‘aiﬁ@é@rﬁ@@é@%t@w@%) and the

remaining bits are led further as data (data out) for further processing. The method with the search for

the sync-word, and, ag{heQaa&BayBEIARIAN-LAL SRl mmme«wl%@at?&%@%ﬁéva%s an

anti-cyclic (i.e. hased on the |dent|f|c%t|on?9{ an exactﬁy deﬁned startlré[g oint oft HEH)
decoding. The pl)ocecf’ure JESCANEE HéFe Fundtidhs WAk n?ﬁeaﬁg?tlert}n e%ﬂ?ﬁ%” or E&% ot occur

in the data bits, EICNAEIHIR vesySMalQPEBIDIRICeT B peRtIRg Bh theée siiblsdnient rehdterror
check may only HisflaydengistRecyrwhemthesaquenselofithe codgsyrikials Has:arnrambiguous,

stationary starti%m@e(g@melg%wa@@th&y@k%%m@% ilfosiahd GaseniDRS8arehior ttte
sync-word (and thug tlhe sgnc WON its n) not necessayy. TB tarti )Pomt Is th then dlre
tﬁ%gstartm Sin ?@] d‘gt ?ﬁ ¥|e code

recognised by tRe error IR th 5 ca point A vord resu

(comma-free co%ﬁ“mncb‘i’té"fﬁé ehisEPhdsiEcting @Fherr@swﬁégﬂsé éﬁmﬁ@ar@t@eﬁ%ﬁéeﬁrég@ﬁ&e of an
adequately longesymctiwoid 1 Thesconsistengyl chirklevddichd smiede ssatytforrasobgingthispseviously
mentioned U”C%@@M&ﬂght&%ﬁ Kvﬂ?%@@d'ﬁi'% %H?sé& @Pﬁx%%t igcihenimited te @s Qf the
sync-word bit, WhICEJOI’ Itsip% corg]t%l set(pae ro atlon of th tseqfuence v%ﬁhlch 5 s msglen. tgnaes at the
most. ConS|stency IS 25Sumed when the sync- Wor B 8 Shtf the sfa Ing piom”t iS850~
simultaneously ﬂé@d“’?ﬁ@%ﬁﬁ&%ﬂt’ﬁ%ﬁé@%ﬁ?&% Y ‘@Z‘gt’éé@%m@s HPRAdDHBoUS bit is
not recognised, @ extordortect onsarenotpiissiplebol hisjembodiment sdhefdliorepantic biarly
suitable fc:jr Sr)l’Stgé@&MéiCﬂx@r@aé@Q@%Mi%Qﬁéﬁttpdﬂt(?taaﬁ@ﬁ@%M@Qﬁé??ﬁaﬁtp&&@@k&ﬁgﬂ N
mentioned, the rd. may a e cycli ed. Then, the search for the sync word is omitte
A system ac:c:oréln n% at\fégtt%%vxerﬁ%%% ?1% '?r%a%ggﬁ%ésmn 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 modidiZonia theshoedyrofyabesar Bdebrthis pighobe, thespolitabie thp parared 1
comprises electigg@si2QLu0R hebuesmayhieh @med@n@md@miat@@ttgcad veltagaimandeapplied by

a signal generalgl 203 dRBMEMADL LIS contene e datpiabe nansleedu lsg

illustrated in the igure. The port le a arattfﬁg{s:efor example carrie e léggr on person, for
example in the tPoHSEEROEREL. lﬁ’ﬁ‘? e sIEttro g Q’C’Jf%‘b%eg&”ﬁ?“t 08%? ﬁ‘tﬁé%econd
electrode 202. THedirstieleetrodecsiay alserdpe cilyapintens tHellsopuksdepdemaieirdaimistances. The

write- and/or rea@glyraeguenzis emniisesid geleciehd3Hibithe simplesicasehebRsistiagessentally of an
amplifier; the det;%t%' maniheweysehalsade sonsticted ina more complicated manner and for

example comprise discrimination 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 tou€hestifEsd shapsagebe HapareoitHerhatdonfidiberremsesiotulesariiig thedule
may also only cempriser¢ontaatime ansitfareXxainplesdsyyimcphiacthdavaemetallicobodymiatibaionging to
the module - for gxamplE. A HeRlRYSRISER /013 daar knob.; WhichduRclonsas.406 fkstelpgirode. The

second electrode E also not necessarlg/d( constlt ent of the modul itself..If the user 3 is located in the

direct vicinity of tHe APEEPL RSB Ctioe ofr“éxa ﬂ““%ﬁ%%ﬁy%’f‘ HARIERRTG Ot SRR st
touching it - the atifrfeagdise RN gE8IMERLD NG CEH BEEESH Hifi s piHEsedontheRetrode,
which is dependeii exlathe valtdge betivepimthektedirodiessofidin poctataié appanatuad hismrnciple is

known per se from the.ipiialyagationed documenisiand ishaqk g besxpiaipehiupitarsigeyoltage
signals detected gy th&det?c}?r may be processed by a data acquisition- and decoding unit 215 in the

manner descrlbe abové -



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 example, it is to be mentioned that the acquisifion - 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 - 23 - DPSK-demodulation-like operation for determining the relative
"sign”, is then also not necessary. Methods of digital data demodulation other than BPSK may be
applied, for example QPSK or others. Furthermore, the relation between the code length and the bit
length suggested here is in now way a necessity. Other, preferably defined relations between a bit-
(symbol-) length and ¥ gébdbiarbassensbssiieon ARNhirsasdrrbicaiisiEenh Byaviy cPEEHBMIng not
aided by data hasdacenrgescubesh thegpeertion may@sedd cealisprwill) gaiseatded @egiaisition
methods It i5 finally te:bg mentongd fhatthe terms pariakle genataiis ard wyiler adior read
module" have beer&seTec%e%fpr %ett?raﬁnd%%ﬁndmgﬁof :Ee‘mven ion, and.do not |nd|r1%!y fix the
arrangement of tHE PEEpE Ve Eieirafts* i TS BN SY & B UKL APRAFSHIS To be worn
by the user corFigtisiginereqaRsenrtioytite saphestiviseEsith ehestpliag, rarndsebitigastac\wpife- and/or
read module. Alierpatively necauplemetasysrile mppatali® providedwithdhewramsmitielamay also be
gznggned to aJpaationAtleAsh R MRAALLTGL dRRS NGt AReGIMDe RALBRIA RLNEALLAREIN time. -

so that a fine correction is no longer necessary.

It 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 stariing 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 {sirip 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 (Le. based on the
identification of an exactly defined starting point of the message) decoding. The procedure
described here functions when the pattern of the synic-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 i3 then directly recognised by the
error check. In this case, the siarting point of the data word results from the code (comma-
free codel.

One the other hand, the CRC-test may be omitted 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



PATENT CLAIMS 1. A method for transmitting data between an apparatus and a write-and/or read
module, wherein the data, using the spread spectrum method, is transmitted from the portable
apparatus as an ultra-wideband signal, capacitively andfor resistively to a write-and/or read module. 2.
A method according to claim 1, characterised in that a direct sequence spread spectrum method is
used. 3. A method according to claim 2, characterised in that the length of a code symbol is selected
as the length of a chipping code. 4. A method according to one of the preceding claims, characterised

in that a maxwr;,ggnggyhtuﬂe of the uItra-\ﬁ/]Jd.ebap nalis 5V, or less. 5..A method according to one

d si | q
. t O sed, i i€,
of the preceding ¢ a?msf’:cg dracterised in that the gg{ﬁ%‘l (gfir[ginesrlrr?ﬁtcéa §7$ Eirsf modutatad with a

method of digitaldataieguttatich Resefda sty syrebls dpeckitrrmBbitheg. reby.intdthod
according to claiga:8,ickaractessédiim tratbinary phase shift keying is used as a digital data
modulation method. 7. A method according to claim 5 or 6, characterised in that the data modulation

method is combined ih 5, cading. whiel rendgcs tae, Hanal InRensiiyg il fesRes! e, e apsolute

phase. _ .
search for the sync word is omitted.

A system according to the invention for the wansmission of information is shown
in Figure 16. 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 exampie 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
gssentially of an amplifier; the detector may however also be constructed in a more
complicated manner and for example comprise discrimination 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
example a door push piece or a door knob - which functions as the first elecirode. The
second electrode is also not necessarily a constituent of the module iiself. If the user 3 is
incated 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 apparatus, This principle Is known per se from the imtially 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 10 be mentioned that the acquisition -
with the aid of a correlator bank or also with only a single correlator - is also possible

without muitiple combining. An estimation of the relative sign, for example by way of a



8. A method according to claim 7, characterised in that the coding in combination with the data
modulation method corresponds to a differential phase shift keying. 9. A method according to one of
the preceding claims, characterised in that the signal réceived from the write- and/or read module is
sampled, by which means a 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. 10. A method according to claim 9. characterised in that simultaneously, a plurality of

consecutive pagjzsequences of the,sequence of sampling.valyes is correlated in each case .- 25 - with
the sequence o vaiugg?lg%aaﬁﬁ%% reg'u%jsel%}ﬁ?e %{orr%i%#}jn c%mglfga%?é)r?s al é&m&nea%%r ata
acquisition. 11, K%Ethbd according to claim 10, characterised in that the combination of the results is

effected in non-data-aided manner.

Methods of digital data demodulation other than BPSK may be applied, for
example QPSK or others. Furthermore, the relation between the code length and the bit
length suggested here is in now way a necessity. Other, preferably defined relations
between a bit- (symbol-) length and a code are also possible.

Whereas an acquisition by way of combining not aided by data has been described,
the invention may also be 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 womn by the user comprising a receiver for the capacitive-
resistive coupling, and serving as a write- and/or read module. Alternatively or
supplementary, the apparatus provided with the transmitier may also be consigned to a

location at least temporarily, Le. it does not need to be portable at very point in time.



12. A method according to claim 11, characterised in that a value is estimated for the combining, said
value being characteristic of the data contents in eaeh case of two results of the correlation
computations, and that one of the two results are corrected with this value, and is added to the other of
the two results. 13. A method according to one of the claims 9 to 12, characterised in that the

part-sequence Qt ihempant:seauences of the sequence of sampling values is/are correlated in parallel
with different sequences of values. 14. A method according to claim 13, characterised in that the
different sequences of values correspond to the chip&gg code sampled with different sampling

frequencies. 115. A retRBBOScEddTABSTBI EIRE A BPH¥e%h AFa ARAIEEESIa? WitH SR dBYetsed
correlation betweelz thehpaitr shqubncewsimpatiteseguencescanch eactholf, the differetitddogueribes of

values, the p@f&@%@@sggﬁa%soggtaﬁqg&%ﬂéﬂ%@raggﬁ%w@%ﬂawgﬁalaféeﬁt@@ag raupwfigequences

of values which correspond, to the chipping code sampled with adapted sampling frequencies, or the
sequence of @%ﬁ.ﬁ&‘%ﬁ}ﬁ‘é %s 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 5 to 8,

and one of the claimg $utanba, sharapierisadhimthatiig:comatalion ehihe: reseivedsignal witadhe
stored chippirggﬁ%e ggfw(?&énﬁlsee&se operation of the digital data modulation method, is used for
synchronising;, me Rod according to claim 16, characterised in that code symbols are taken
directly from results of the correlation of the received signal with the stored chipping code. 18. A
method accorgling tosonetbfithe elading H ta17%, Thakackatisaddrnhhs fohdhentithioheacisitic!at least

two criteria arg applie :EQ}%QJ&?{WB?%IE&E%@@QO” computations, of which a first criterion contains
u

a comparison of the absolute value of the results to a noise-level, and a second criterion a comparison
of the temporal distance of an absolute value maximum to a last absolute value maximum, to a bit
length. - 26 -4. A method according to one of the preceding claims, characterised in that a

maximum amplitude of the ultra-wideband signal is 5V or less.

5. A method according to one of the preceding claims, characterised in that the data
to be transmitted is first modulated with a method of digital data modulation, and

subsequently spread spectrum modulated.

6. A method according to claim 5, characterised in that binary phase shift keying is

used as a digital data modulation method.

7. A method according to claim 5 or 6, characterised in that the data modulation
method is combined with a coding which renders the signal insensitive with respect to the
absolute phase.

8. A method according to claim 7, characterised in that the coding in combination

with the data modulation method corresponds to a differential phase shift keying.

9. A method according to one of the preceding claims, characterised in that the
signal received from the write- and/or read module is sampled, by which means a 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.

10. A method according to claim 9, characterised in that simultaneously, a plurality

of consecutive part-sequences of the sequence of sampling values is correlated in each case



19.A method according to one of the claims 9 to 18, characterised in that a sampling frequency is
adapted according to the result of the correlation computation, by which means a tuning and/or a fine
tuning is achieved. 20A method according to one of th&preceding claims, characterised in that a
center frequency of the ultra-wideband signal is not larger than 2 MHz. 21. A method according to one
of the preceding claims, characterised in that the transmitter, in a continuously repeated manner,
sends out the data in a manner such that the transfer of the data word begins afresh directly after the

end of the transfer of a data word. 22. A method according to one of the preceding claims,
characterised i’ {?E‘aq%sg%“gf‘ﬁec%rﬁ%ﬁ%smﬁ% (F %%Cté %{ﬁéebﬁ??g}aé‘(ﬁ’a?g’&%%‘i]s%snc Eﬁrg@ﬁ‘%dnd/or for
an error correcfi@rfiaIcquigiidnRod according to claim 2, wherein the data is transferred in a

differentially phase-shift-keyed manner, and wherein the signal received by the write- and/or read

module after a gpreadsspeaitMJNVEHSE BRELRHOND IS ASRIERSMEH BS RSO RERUERCS the
characterised in thiat %%}'{&bﬁl sequence par -S(;)[%uence of the length of a data word is checked by way

of the data cong?éltletﬁcy, an a“ﬁﬁase %‘%’é‘ ETotation between in each case two adjacent symbols is

carried out given a lacking consistency. 24. A method according to one of the preceding claims,
characterised inizhat therddiadhascedprian kixdwn Sefjaaroecford be thyin ehromsatisimabdd Aomiethod

according to ong.Qbihe £laims hiomhLharacisisedimhatihe datasi s iaps auliest g ryclically

and/or anti-cyclically coded manner. . . . .
y o(‘;‘atl% corrgiatxon computations, and that one of the two resuits are corrected with this

vatue, and is added o the other of the two resulis,

13, A method according to one of the claims 9 to 12, characterised in that the part-
sequence or the part-sequences of the sequence of sampling values is/are correlated in
parallel with different sequences of values.

14. A method according to claim 13, characterised in that the different sequences of
values correspond to the chipping code sampled with different sampling frequencies.

15, A methed according to claim 13 or 14, characterised in that with an absent
correlation between the part-sequence or pari-sequences, and each of the different
sequences of values, the part-sequence or part-sequences is/are either correlated with a
further group of sequences of values which correspond to the chipping code sampled with
adapted 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 5 to 8, and one of the claims 9 to 15,
characterised in that the correlation of the received sipnal 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, characterised in that code symbols are taken
directly from results of the correlation of the received signal with the stored chipping code.

18. A method according to one of the claims 9 1o 17, characterised in that {or the
timing acquisition, at least two criteria are applied to the results of the correlation
cormputations, of which a first criterion contains a comparison of the absolute value of the
results to a noise-level, and a second criterion a comparison of the temporal distance of an
absolute value maximum to a last absolute value maximum, to a bit length.



26. A method according to one of the preceding claims, characterised in that the length of the chipping
code con-esponds to an integer multiple of a data hiblength, and that the spread spectrum modulation
is effected synchronously with a data bit sequence representing the data. 27. A method according to

one of the preceding claims, characterised in that the ultra-wideband signal is transmitted via the body

of a user, or vig direat,capacibe-and/es !.‘ﬂ@iﬁfiﬁ%@%ﬂﬂi@tbqueﬁﬂrﬁt@eﬁmwﬁﬁttﬁﬁt&n@mﬂeiger to the
e oo SRR o e Mg A0 NSO Sesl BE AR ABAN AP Sgh one e

and/or read mo Re apparatﬁs comprises two ectro es nd - 27 - a signal
generator (20B}a8y Wayed Meick aft tﬁﬁ@ﬂ@ﬁéﬁﬁ@ﬁ?‘éﬂ@ctncal voltage may be applied between the two
electrodes (201, 202), and wherein the write- and/or read module comprises a detector (213) with

which an electgical voltage or an gleclrical qurient may.he delsriedRatyaena diat Aad Asecend
receiver electrode (211. 212), as wellbas(? dat acqur ition- and Mdrng unit (215) for determining

data from a s@ﬁ%"d‘éﬁ’eﬁ&? Bﬁ\/@@ﬂem@ Legridaetaléfelectrode (211, 212),

characterised in that the signal generator (203) is programmed and/or activated such that an

ultra-widebangsignal may,be REaskiGed BYdhebyrway vt datads reniRseBRddIsingithelspread

spectrum met odS H%gd that Erg)% tdlg}llta 3 |srt|o and deggndéng L{nh?(gJTS)L C%m %&S mneans tfi%r
recovering data from e Uitra-wi Ar apparatus for “trans erring data to a write-

and/or read niedster @6%@@#15’%@&%@% @@Eﬂfﬂ@fé?faﬁd endightegenstatsr wb Widvay of

which a time-dependent electrical signal may be applied between the two electrodes (201, 202),

characterised o \hat e AN OSNRIBIEr R08) iRatammMed AndlRAriAed sYef el

ultra-wideband signal may be produc of which data |s[e resented using the spread
spectrum metﬁ‘dapéﬁ?sﬂt\%iarﬁé OBn G bgaalmédlﬁl‘éofdrs@é‘éﬁf\ﬁﬁﬁcdéﬁad WHRH b EWERE Hitted

capacitively and/or resistively by an apparatus, comprising a detector (213) with which an electrical
voltage or an %ect“%hﬁwrr@@%&ardhrg detasted-betneen afirahand asreand ecelver-algsiinde (211,

212), as well a uisition- and decodin t(215 or deter in data from nal detected
between-the fi?E? %@3‘5’ S‘ZWB%ewer?e%% r‘%1 e Els_ng 2560 araclfgrrtged in %afmi}h d%?a
acquisition- amaodelsoafiisy mnrezdap@@rmpn@e‘seweaﬁ@%@re@owwn@ data pomvArseettideband
signal, by way.phwibicRdataisuepresented usjnenthepspreaf pectiimemetind, 34 ddawited and/or
read module a%, 012‘3&‘ fo.glaim ﬁ@srgﬁaég £%¥e§1‘?~9 %é? V@h& HRLGIECHIE Y ERNREW R G dhe data

acquisition- an eco nrt may be activate oon as noise- and/or interference level has

reached a cert#i %@ﬁ%ﬂ’i&?ﬁ%‘rlaﬁs%ﬁﬁ%’%%I‘é‘?ﬁ%f"ﬂ@ags?ﬁﬂgﬁ?%certarned

24, A method according to one of the preceding claims, characterised in that the data

has a prior known sequence for the synchronisation.

25. A method according to one of the claims 1 to 23, characterised in that the data is

transmitted in a cyclically and/or anti-cyclically coded manner.

26. A method according to one of the preceding claims, characterised in that 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.

27. A method according to one of the preceding claims. characterised in that 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 recetver.

28. A system for transmitting data, comprising at least one apparatus and at least one
write- and/or read module, wherein the apparatus comprises two electrodes (201, 202) and
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a signal generator (203), by way of which a time-dependent electrical voltage may be
applied between the two electrodes (201, 202), and wherein the write- and/or read module
comprises a detector (213) with which an electrical voltage or an electrical current may be
detected between a first and a second receiver electrode (211, 212), as well as a data
acquisition- and decoding unit (215) for determining data from a signal detected between
the first and the second receiver electrode (211, 212), characterised in that the signal
generator (203) is programmed and/or activated such that an ultra-wideband signal may be
produced by it, by way of which data is represented using the spread spectrum method. and
that the data acquisition- and decoding unit (215) comprises means for recovering data
from the ultra-wideband signal.

29.  An apparatus for fransferring data to a write- and/or read module, comprising two
electrodes (201, 202) and a signal generator (203), by way of which a time-dependent
electrical signal may be applied between the two electrodes (201, 202), characterised in
that the signal generator (203) is programmed and/or activated such that an ultra-wideband
signal may be produced by it, by way of which data is represented using the spread
spectrum method.

30. A write- and/or read module for receiving data, which may be transmitted
capacitively and/or resistively by an apparatus, comprising a detector (213) with which an
electrical voltage or an electrical current may be detected between a first and a second
receiver electrode (211, 212), as well as a data acquisition- and decoding unit (215) for
determining data from a signal detected between the first and the second receiver electrode
(211, 212), characterised in that the data acquisition- and decoding unit (215) comprises
means for recovering the data from an ultra-wideband signal, by way of which data is
represented using the spread spectrum method.

31. A write- and/or read module according to claim 30, characterised by a wake-up
circuit, by way of which the data acquisition- and decoding unit (215) may be activated, as
soon as noise- and/or interference level has reached a certain value, and/or as soon as the

arrival of a signal 1s ascertained.



