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202. 03WD 23.11. 2004 ATLAS ELEKTRONI K GnbH Brenen 5
METHOD FOR EM TTI NG AND RECEI VI NG WAVE ENERGY The
invention relates to a nethod for emtting and

r egei.wswg wave energy of the generic type defined in
t be preaghble of A aim1l1. 10 Such a nethod is used for
Iocatlng targets, that is to I\_?S]for determ ning the

position of target 2TPS ELEKTRANTKa f@Har ea or f or

transmtting identificationBreségnals for the
identification friend/foe, in which 15 identification
signals with predefinable coding are radiated, the
coding of which is known only to authorized parti es.

L e e o g idios

(Us 3 733 552) noi se h can
thermal noi se by unauthorized parties is continuously

t meRs M h{ @Mt 9Ana 4 BNSIH SEoNa Changla Bt henSpectd Utng

of thi.,s.noise, part-s ectra whi ch can be correl ated
R ST M orHes - CHPE5Y: (it For GETEONRT G Dgetined in

t rthes presmbiel Bft ltakbipant - spectra are notched out and

fromthese part-spectra, part-spectra which can be

correlated with one another by neans of frequency

skiuchi Bg matéddhses t ede@dnfort hecgapsgptedgeed. Thas is to

Ry e%thaHe't€§mHﬁ§§@geth§ tpapsbhed,pel le}%tts in a

canoufl aged in the noise. However, the diffi
d€P§8Fﬂéﬁaﬁfeanaﬁﬁéut?ﬁnwfféd Eé@??mFEtbﬂgy kﬁﬁ%Fﬂﬁ%qy?

[ fs:r.tjlme.lbanﬁmdtthh@f idwendiranrsaiss Olﬂrﬁ_aﬂl‘i?@bé S i’I‘?r )Whlch
| ar etﬁkncetg% tgls ;nsure t hat % E thori

pArTY EARTET LS8 f SETPRE sIghRl Rrede %?%@P gge
f maddetedti orthe t hodine tofre wiachable t&anﬁl baly to

agghhbngebh?ag%&%ger di sadvantage i s that when a
nmessage is transmtted fromship to ship, unknown

In a known methtd for the identification friend/foe
(US 3 733 552), noise which can be interpreted as
thermal noise by unauthorized parties is continuously
transmitted on a transmission channel. In the spectrum
of this noise, part-spectra, which can be correlated
with one another, are fitted for information
transmission in that part-spectra are notched out and
from these part-spectra, part-spectra which can be
correlated with one another by means of frequency
shifting are inserted into the gaps produced. This
ensures that the message is transmitted well
camouflaged in the noise. However, the difficulty of
detection by an unauthorized party is only very large
if the bandwidth of the transmission channel is very
large since only this ensures that the unauthorized
party cannot perform the signal processing necessary
for detection within the time available to him. In
addition, the further disadvantage is that when a
message 1is transmitted from ship to ship, unknown

Doppler shifts occur due to the water as a consequence



Doppl er shifts occur due to the water as a consequence
202.03W0 - 2 23.11.2004 of relative nmovement between
transmtter and receiver, which require considerable

ef faor2. catwd he receiving end _ for. detecting and decodi ng

t hes dantiddgscati on signal in order to achieve

unanbi guous i nformati on about the 5 degree of

corres ence of the received signal with the

tra r‘?f)eto]{]agkrl‘é&? JRATCMERE QPRRVARE nErABEML bEeroeatli ngceiver,

tamperh AdRiirSdodbdihla df ansi 4t eEBéa%@E%lﬁg end
a.chaotic co

I nt i.ch
F?r;fr egge§%%%%2€&§ dgaé" NGt Hhavédentiltdégasdguesdonal in
| eRFERTbutcanachibirer aundybseh@cs edi roMemAS & 89l the

Sth@egﬁéky'@ﬁaborgggggﬂﬁghgeoﬁﬁ;hgh%gag%ggft%g Iggf with

10

15

20

25

30

35

can made very rrow In orde

di §PEnEEaPsRatterofignal - 15 at the same tine, the

nunber of pulses in each sequence can be nade very

| a ge in_ordey to achi eve nmaxi mum ran e which is not
limted By thé"28Wi ng. "SHPLodi fps s agtiagt aghmngets

mokEPoPi Aglamd3ara) yzi &g &baﬂéﬁ?ﬁ%ﬁ?15ﬁﬁgﬂa%gggo aN%tarrier
h n ueng n the aut hori z

b U R T A
t r SASHI t I | t Bave f@r tiecqslir pssgueficé ocakhggn but an

t tk e m tted and refle
aagﬁiﬁfifmy |s§ﬁ§g]gt§:avgb d&% hg rrteecselqvtéd %lf‘egnéjf’g?‘gldual

co]ﬂ1 ?3‘(”%‘3‘9% Of e t?’éﬁt‘%ﬁﬁlﬁt@i sPgha¢s The ibedingald overy

25natrowr ial arien t& aﬁeglﬁsgbaél gakion.of r&ESlB@f&ﬁ' 8,

f t t t,.Even_jf the unauthorized receive
8a%%otﬁ dSelSetine. tF%ﬁsﬂP‘F‘PEH of ghaf sesded eAck heequence

wa§a héecamadst itdryeflectei timn dxﬁl@ﬁ_ﬂ:l tle daramth Sm‘.;‘l%l%yum
f tion attereareacw
gorflg)%%t‘f’ﬁgagpégn%%si?ﬁl %&”ﬁg{wl T onTRNt M and iR §PRing is

coT TE5POHYT N3 btk SRORBERE RS . aﬂd]eammmlim@nby sréeseeers
onwitheh objiect mofe spesid ylﬂgea CBEEHQO' QlREEYPe 11 the

'rHﬁﬂﬁ%rQ%éﬁ”%ééQ?%Lrlrhﬁ!%f is placed at the location of
the transmitter itself for the purpose of locating
targets, the transmitted signal emitted and reflected
at the target is received and the received signal is
correlated with the transmitted signal. The indication
of correlation is used as indication of the position of
the target. Even if the unauthorized receiver cannot
decode the transmitted signal coded in this way, he can
still detect it and conclude from the fact of the
reception of the signal that there are actively
locating opponents in the environment and initiate

corresponding counter measures.

The invention is based on the object of specifying a
method of the type initially mentioned, in which the
transmitted signals radiated by the trénsmitting
antenna are concealed in the background noise and can

only be detected by authorized receivers.
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35 transmtted signals radiated by the transmtting
antenna are conceal ed in the background noi se and can
only be detected by authorized receivers. 202.03W0 - 3
23202..20@4¢ According to the-invention, the object is
achibevedabys the features in Caim1. The nethod
according to the invention has the advantage 5 that

thg E%di ated si gnﬁll s.are distinguished by a |arge

baR i AR (Fout P haPXERE PRt | ENEi k&S §OF thRe spetevedn by
sothhafetherasdihoryaimpressi on i s noise-like and the
transmtted signals are canoufl aged well in the anbi ent
noi se of the background. At the sanme tinme, their energy
10Ths Br§hpPPbaceerdiag fowtle finegnenoy hasgensoatiBahtage
naenaw kaad FourH tds | OR. not. he ed fo

acEi e%/ii nﬂ an i rtgi\r/derrswreln |l%rt _eé q%téé%tl%unlsgleer(#éﬁﬁaﬁci?rge
DePBBEIOATRf Wifrdotfarhmnacéerdisgial < igemeriat edhe spectrum
aceor ¢hag tihd heudivenyi ORpkes8NbY RAsSHRIL BY Jreans; of,
15t§a§£%y§%géag.angg%3|s according to chaos theory by
means o Fch°tRE U8t 8F fi AFEPRELS9RdcYett 68 Ehe ambient
t ransaet o8dtbeghakkgruhhdh nannbhe bemdetegséedrhait henergy
t enporgy 51Go; f transm tted signal itself, can

be extract%glfé%yd)cgkr{%gri%g 'Héa strudtoraY ned¥df e So20that
obPAF R8BI E hiFSuaAgIry siransfonnss ircec ecambel bet nieal for

si gonl e pid ednup nphr SRGHC IV i oV he
stﬁggtitr al #negsgn%irq{ the tr ;ns% ?(2%@%?12%?%\1 %gf%omame'
signars 192 tr3nsnitted GGRsmic&sdhe Fépnabby deteetaded

| nacherdinputostigaainaent hénr £6ebNi POp688h b 2O Peneans of
mef had ,a¢6q1.ding atn%lyé%si ngenti(gn can be used bot to

detect targets by means of “So°tatfed dtt iVECs othepsH, by
anfteE®s detfer mithiech hdihe positeronpiatdct oscateyurOUtof  the
cormarmdsatton ke \f\ﬁgg,tr‘m't d.recejiver. 30 whic

can be used, e. Fgfor t he so- cgﬁflgge ibfen%?(la%%?(?oﬁn Qhe
fr Y EHRTE _CPHrgstﬁﬁ%dggg’t{ﬁgsmltted signal itself, can

be extracted. By comparing the structural measure,
obtained by this analysis, of the received electrical
signal picked up at the receiving antenna, with the
structural measure of the transmitted electrical
signal, the transmitted signal can be reliably detected

in the output signal at the receiving end.

The method according to the invention can be used both
to detect targets by means of so-called active
location, and to determine their position, and to carry
out communication between transmitter and receiver
which can be used, e.g. for the so-called
identification friend/foe. In both cases, the
probability of the transmitting party revealing himself
is very low due to the camouflaging of the transmitted
signals in the ambient noise, since neither the target
located by means of the transmitted signals nor third
parties monitoring the transmitting area can detect the

radiation of the transmitted signals.
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probability of the transmtting party revealing hinself
is very low due to the canouflaging of the transmtted
signals in the anbient noise, since neither the target
352bpcated by neans of the transnitted signal s nor
thhsdi1pasgaes nonitoring the transnittlng_area can
detect the radiation of the tran;nhtted shgnalf. .
202.03WD - 4 - 23.11.2004 The_ nethod according to e

i nveht iBH 1 pREFRFABRY tRed Pn TRERRWEPRr iSouRgeferably

t eghad| ogy onndadeawater soaﬁQUSté@Bmcf)D@gt}ngﬁra: §ﬁd?§water
a I jo.th dj of, air, e.g..fqr ra ocat.,i on
or e aFeekee L BT VT Shogidis ¢ REHYISH 1A cnder Jeqiin of
fi@hti ng -geri 8Prt araylet’s. 16ghtabhe @hbodirgents of tthe the
et hed 2ELe% 01 Hig f]piérlﬂ:%/ £oVENT i‘?_{f}]ti‘ﬂg; *Ae%‘séi”tt%%%%%%.
devel opnents and enbodi nents o e I'nvention, are
obtained fromthe 10 further clains. According to an

adsant Sigee Uemdydaaeicirnrt | et tﬂ}ﬁel in_@‘éﬁgtii %%&%’tﬁﬁgerﬁgr alhe
course of the electrical .signa is derjve rom t

chE3Y TRt er mi A ¢ oégVﬂqE\W%ﬁu%S cl@&rvﬁclP@F“ieﬁ:Fc ofand
a embedimehies oodi | thti cmveltaract eairst i sbtafindd cErean the
be i ns of at [|east one paranmeter. An
exfaﬁﬂéggf@%%c é'a nodel is a pendulum of revol ution,
known as Pohl pendulum w th wunbal ance, the

osgdtdadimp Char acieri sidvarboubieh can39:he,desgl bed,.
by. a differential equation. The variable paraneters
ar e {A-EBP 1 ngPTohRTRAT2bf CAUTRR 1k i Hee pprigt cihesignal
anps$ | teddvadd freamueney cladti exieaigial ;ni@t@ctr] a&é@ﬂllé@:gon
d ' Laﬂ% of an abrasive .frictign, the nmass. ang
t%%%%?%?ém 0 théﬁunbaﬁancem(ﬁjbe]and t%gedanp‘i’ﬁﬁlflatl-on
cozaRtorignieddf olricéntcdn ake. vElgedsdbyt meansf of at
trﬂééé&féﬁée%b&%hé%ﬁﬁﬂ'AH‘é§aﬂ?fgagk'%ﬁugﬁtgrﬂbakitwé a
tinme series which provides the tenporal course of the
el RATHCH - SFgridi VoAt 1¥nst kBABN 0Pt hBohY amieaisud um,  with
pawdrElaice of théeodtfiienenbhaknagdatb®Rskt$c of which can
be described by a differential equation. The variable
parameters are the spring constant of a restoring
spring, the amplitude and frequency of an external
excitation, the damping constant of an abrasive
friction, the mass and the lever arm of the unbalance
and the damping constant of an eddy current brake. The
solution of this differential equation is a chaotic-
deterministic time series which provides the temporal
course of the electrical signal. At least one of the
variable parameters of the differential equation is
utilized as control parameter for the iterative
variation of the differential equation. In the example
of the Pohl pendulum, for example, the current through
the eddy-current ©brake can be wused as control

pParameter.

To be able to characterize the structure of the
electrical signal generated, which cannot be detected

in the temporal course itself, by means of a structural



30 utilized as control paraneter for the iterative
variation of the differential equation. In the exanple
of the Pohl pendulum for exanple, the current through
t he&ddp¥Weurrent brake can be sused as control
paranméileR20035 To be able to characterize the structure
of the electrical signal generated, which cannot be

deteelede i t . rse itself, by neans of a
struct uraél 2%%%3@%%&%%@045‘% erﬁﬁgaﬁlpg end for
re(GteeG 18 ttHhe r bEangnAgtedd sfignaldetecthagatberistic of
tramsmdicthsi 0Rghe1d GHAY a§1RLALSE the signal
nam;l y th%d?di mensi gn?of the st%llllj%%aﬂr‘rfe,ggf 4 sSJf‘r%bf)Pﬁﬁe of
inTan dCHREE Ho-Ad niRhsileAst sparelinenss casdor sihaget ds,
5a peeberiied embodi peREeetethenbdaidd@N of PrEdeterm ned
an?ﬂ%@@t@&mﬁﬁ@ﬁt one \é%'ri abl e control paraneter is '
vafied iteratvel JUntif 1Rk d&dSedonai neHsiadn shasontrol
be®ATaBREevedisThiverdedenditeratsvethar aateni sthe Ofjebheeg
el aghehsabnsi gnal [ IS . radi ated, via the . _
trapsni ttiﬁg anten\rq,gb%ﬁd ias&gls%ge(%'or qaéfect‘%ﬁ‘berish‘é’n 1s
r a2t 8at8F§RaLCi nOfhe theceisdeat iigrall agigndle which is
10 r eceidvangdenda AQGOr gi-agsh O @ ¢ ef et eqhqdinent . o
thgegggg%i og 15 the fract aTIp%i_rrenélﬁlg% g?gt hlerge Usd for
twosdr ens? ohaf FREPPRGIoF19RRE énebhei caresvgAabigsal at
caFbal acedimsngi eedsi on. In the text which follows, the
invention is described in greater detail by neans of
an_exenpl ary enbodi nent 20 illustrated in the draw ng,
of PECHEEHBE f6r & heraferved kobatlivanof of twigeinviAtion,
15 t hehdr ava88a1 28iR80n390ki 94 hd EQBWEiﬁ%§£9§§%ﬁg%§£SQ£g of

for.illustratin ‘he part of the net a
Ehe efectrlcag s{gnaf is calculated as dimension.

In the text which follows, the invention is described
in greater detail by means of an exemplary embodiment
20 illustrated in the drawing, of a method for the active

location of a target. In the drawing:

Figure 1 shows a block diagram for illustrating
the part of the method at the

25 transmitting end,
Figure 2 shows a block diagram for illustrating

the part of the method at the receiving
end,
30
Figure 3 shows an angular variation o(t) of a
chaotic-deterministic oscillation of a
model for generating the temporal course
of an electrical signal with

35 deterministic-chaotic structure,



10

15

20

25

30

35

transmtting end, Figure 2 shows a block diagram for
illustrating the part of the method at the receiving
end, Figure 3 shows an angular variation (x(t) of a
chewd igawtet ermini stic oscillagion of a nodel for
generat idvph4 he tenporal course of an electrical signal
with determnistic-chaotic structure, 202.03W - 6

23,11. 2004 Figure 4 shows a diagramfor explaini ng t he
f%‘ﬁﬁw DI ocg r SOQYE med | ALeBEAD| ofRT dicagrlammofng  the

Figure 1 and 2, Subicgiices S1odd Geshow (g di AJLRTS 01,
explaining the functi onﬁglt ock "fractal SI! mensi on” in
Figures 1 and 2. I RIRE hddUdEser #B8d2i n t he text

which follows, for 10 the active location of targets

| ag; st t y a f _which both the |
t gfl?elf%écgn aggl ‘é&iq%{k}o(;g’ t%e%a%gﬁéngt e‘go‘-énSXP. gining tltle
posi ti on (di stané&ngtdobeabiingk of ftdhetal ndimietesion” in

targets can be detigii¥eRed, ;8qupd energy is radiated
intg the nmedi um ofgwater at the transmtting 15 end and
wave energy backscattered fromthe nediumis received

o o oo P04 SNBSS, o, o
f/\n'rt?il%is n@%ix%gel%gaa?tlg&?l o?lf \;%aarcge‘atosr Yo taodhd, thSs Wased aty
t MEah@artf veiely badharihe trascgng n@atmmnbgn?gggigiagzo i.e.
el b e e SR L R ags che
eﬁé‘iddy)iéilhl& i ST PBR SF idRiseHeed,s seted nknedgy is
Fordibitedpuipas ethé heicbians B thdigani enpgel ]l::tla%hsmii;g ing
supp iae[gd%g]&ea vl\/{ede baggll i’(sl ectgl'cal Si grr:lalt at rtnegium is
transmtting end and heSFgnat-Eet af é8matthche
t FERSAVEEI ngt erfthe s réekdotied | end he FogcetMed ShEHRbse, a
transmitting antenna 11 which radiates the sound energy
within a wide sector of space or all around, is used at
the transmitting end and a receiving antenna with
directional characteristic is wused at the receiving
end, by means of which the peak of the received wave
energy and its direction of incidence is determined.
For this purpose, the transmitting antenna 11 is
supplied with a wide band electrical signal at the
transmitting end and the signal radiated at the
transmitting end is detected in the received signal
picked up at the receiving antenna 12 at the receiving
end. The time between the emission of the transmitted
signal by the transmitting antenna 11 and the reception
of the radiated signal by the receiving antenna 12 is
measured and the measured time is used for calculating
the distance between the transmitting antenna 11 and
the target.

So that the locating of the target by the transmitting
signal radiated once or several times with a particular
period 1is not noticed by the target itself, the

transmitted signal is concealed in the ambient noise of
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pi cked up at the receiving antenna 12 at the receiving
end. The tinme between the emi ssion of the transmtted
signal by the transmtting antenna 11 and the reception
30205 . bhgoradi ated signal by the receiving antenna 12

I soxmeassged and the neasured tine is used for
calculating the distance between the transmtting
antenna 11 and the target. 35 So that the |ocating of

t heM% ar GBEIBY t Y t rans@orErAgondiggal foatiadtiet ong® Othe

seybeatricABSsWyhhla fRadingUlte  PEIALS S NPt not i ced,
byAtt:h rgeargfet i.tself, the "transmtted sign I'S )
conceal 8d it tHe A%oi ERE notle GINXEED3WOhe 7transmitted

23s1dn2D0de f hectad getobytRe COATESH AL NGe f 1 MRE L e @f From
theneebggtLical signal -feeding the transmtting antenna
11. A %?%%hﬁec%?slv%gggn ,%ei ﬁgeccoerﬁvﬁﬁ]ﬁ,a?%%n?ei‘ ah$nilft eehe
si freflved | ekl febnrhderacrigeing amtemrel ivzi.nat ed from
5 the anbient noise of the receiving antenna 12 in the

rclaﬁ?ei veg.3| nal of the receivi nf antenna 12. For this

p %SE, l?n%b\ripﬁcﬁepl elnt Relerertei cahesigimltriferl signal

f efoohr ngethentr arisen thhAgmabt eAga akk drshgeper %‘s?dgé&erated
rse which has a determnistic-

Wi temoral cou

chvg\%%r?c_as?&f&plﬂréﬁ af®¥6F t H81g8t eBRFon3at depRrministic-
r Bt Iy emdruatste uct andl feasut@el S ASLEOMICh at  the
chat@acterigze e det L ni.stic-chaotic structure of |
the el ect rglzlcﬁﬁ({s]'i %al .%r%%itg%l%omﬁg?ﬁua& att i the “sich
b|‘§ta«fad?t£g%%ﬁ%f uSeterministichehaenpor abt oot ses ofof

t htheel etbbteatasi @iainds. desi ved {rom the chaolic- . (1o
deglecgcrﬂ né[stl [ os%c%nlagF ation characteristic of a m)dell,
t he osci 13 Bh LT it i It Wi hEemrr el \einse of

bycheeard eoferd cadl estigdapar seretdnivea | edogonthel Ahotic-

i p R I RN W LY

t H&'i PFet bhat Hon egharpotievtishipendulwimai cenobdt ivefried

wigsh upkalancss of agsns&ald e%é:)loéntlletr@xn,du'éﬂlei ucso%q:rol
parameter in the text which follows. For example, in
the first method step 11 "differential equation model",
the differential equation of a pendulum of revolution
with unbalance, of a so-called Pohl pendulum, is used
as model, the wvariable parameters of which are the
spring constant of a restoring spring, the amplitude
and frequency of an external excitation, the damping
constant of an abrasive £friction, the mass and the
lever arm of the unbalance and the damping constant of
an eddy-current brake.

The complete differential equation of such a Pohl
pendulum is:

@-aa=D-[a—ae-sina)gt]+m-g-r,,sina~kd]l—v&l—kd2.va.[z
va

where the restoring moment is

Adkmk==l)hx——a%-sh1a%t],
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as nodel, the variable paraneters of which are the 25
spring constant of a restoring spring, the anplitude
and frequency of an external excitation, the danping
consi agdweef an abrasive frictgon, the mass and the

| ewveriarya®f the unbal ance and the danpi ng constant of
an eddy-current brake. 30 The conplete differenti al
equation of such a Pohl pendulumis: O aa=D a-ae-sin
roet 1+ng-rosi na-kJ, vl al-kdz- vQ1l' va 35 where the

r esti@monemonentuise M@= i a - a, sin wyt] | 202. 03W0
- 8 - 23.11.2004 5 the nonent of unbal ance is the
nonent of abrasive friction is gYoslna, XnkJ=-kd, va
antf- </4-8 To5ihe monent of the eddy-current brake is

Mv, bd = -kd Zva . 12 where: 15 a = instantaneous angle
variable va = angular velocity a, = angul ar

acid¥t éieatson of abndsigrerctisyr iiwg constant of the
restoring spring m= mass of unbal ance ro = di stance
of the unbalance fromthe axis of rotation g =
acMelze@Fa’ckidqﬁ‘—d@ledto gravity 25 0 = total nonment of
inertia Vel

the moment of the eddy-current brake is

Mo = —kgv, - 12

w

where:

o = instantaneous angle variable

Vo = angular.velocity

Ay = angular acceleration

t = time

= spring constant of the restoring spring

m = mass of unbalance

o = distance of the unbalance from the axis of
rotation

g = acceleration due to gravity

e = total moment of inertia

Oe = amplitude of the excitation

We = angular frequency of the excitation

ka1 = damping constant of the constant abrasive
friction

ka2 = damping constant of the eddy-current damping

I = current through the eddy-current-generating
coil.

If all parameters are permanently predetermined and
only one parameter, in this case the current T through
the eddy-current-generating coil, is left as variable

control parameter, the following function is obtained.
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ae = anplitude of the excitation oe = angul ar frequency
of the excitation kdi = danping constant of the
constant abrasive friction 30 kd2 = danpi ng const ant
of 26 heoeRidy- current danping_lg=_current through the
edsly-cursepni-generating coil. If all paraneters are
permanent|ly predeterm ned and 35 only one paraneter,
in this case the current | through the _
eddy-current-generating coil, is left as variable
comt+ of (parpneter, the follow ng function is obtained.
202.03WD0 - 9 23.11.2004 a = f(t,I), which is used for
simulating the tenporal course of the 5 electrica

sivgrEth iwmensed forthibmslgnmhg atmnéh iw@te@raﬁhfcl&%ég IO the
of j | [l gguation. with pernanen
pr%%%%%%ie?%%%et ers and Jt%etkéessﬁr%b‘ﬂ nadﬂf%/lld?we- The
c ot YO Par eletlers | di feesenbial téqun s esiti pdEnanently
Sipralewhieinds @aaked dromdde difd erantjals equation
10 with nmethod step 14 "cal culating of the tine series
of SOHHE 51 FFEPTCtErgut e KERABgERMAL | g y Sshéws thf the
C hesicgriacl Gslaid:lhaiésoaragtta:ﬂe ok t@ﬁnl Mﬂﬂlpr{]eggti{gﬁé I Miation
ment - Fhe. siml a «electrical signa _ _
fgﬂggya.e%%ﬁﬁségy %?e Saﬁguﬁﬁgl?ﬁsP ntafesdSeamsmiegder
15-HAar i hgeasdf - t héidugmals. . dTdgrdime: seiBs OknbWE  the
ddﬁﬁdﬂﬁﬁ'o§EQﬂ§£tiéanﬂpeghénﬁ%hfn$éﬁ§giggn %nag time
space in which its determnistic "structure cam be
r ECEGHIZed, THdSATHLAERS Gl estrrike 12Gs ignaicta® ohet hame
een el erdlined. Whe ddhey %erm{@%st%m%ﬂe@%t arf 1§ tude
t%@g,%%hjesfi%hﬁapped in a two- dimensional phase“space
by “rreans of a 86- EaFP8d return map in met hod step 15.
As is shown in Figure 3, the |ower crest points are

g?@% %ﬁﬂkh%ﬁﬁﬁkﬁ@&fﬁiéﬁé %ﬁ%&ﬂ%&%%hS%E%n%E %gegkéﬁﬁgg in a
ﬁﬁyﬁija?ﬁ;£;i%nggrp%%gbe in ‘which its deterministic
structure can be recognized, and a dimension of the
structure of the map is determined. In the exemplary
embodiment, the time series is mapped 1in a two-
dimensional phase space by means of a so-called return
map in method step 15. As is shown in Figure 3, the
lower crest points are used as the selected
characteristic of electrical signal for this purpose.
Optionally, however, the upper crest points or the time
intervals between the crest points or instantaneous
values of the electrical signal occurring in the same
time intervals can be used. It is also possible to use
as selected characteristic the time segments of the
penetration points of a Poincaré section. With respect
to the Poincaré section, reference is made to Crighton
Dowling "Modern Methods in Analytical Acoustics",
Springer-Verlag London Ltd., 1992, page 698 ff.. The
result of the return map thus produced of the
electrical signal in the two-dimensional phase space is
illustrated in the diagram of Figure 4. The return map

is produced in such a manner that the lower crest
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Optionally, however, the upper crest points or the tine
interval s between the crest points or instantaneous

val ues of the electrical signal occurring in the sanme
tize igdws val s can be used.. ht i_s al so possible to use
302851568} ®F4 ed characteristic the tinme segnents of the
penetration points of a Poincare section. Wth respect
to the Poi ncare section, reference is nmade to Crighton

Xt TG " Kesele P NEth o8BS F T el yEigapl Aegesthlegsted along

pltlnmgﬂdﬂeitt@gof.OEd@WoLaﬂmené-ﬂQ@al PESS B dd -5y el 3ma
res t g t he retijrn map thus oduced of the

TS Gnat TR t fred t ot NGO riatopshdde spareissn .

el'ect ritca signa
i | Tustean edog n sbendi apeam pf Fhaur ea 4. ca'rlrteldeeﬁatﬁlre Mdhta
[ u ne hat t ower_ cres :
RS LR SR 1o LG YL hap. e
el BRRIAI 18] ivgl- Himensiicnedd siaswy rheeat s aatsetmfctalre

t Wwhih nensiOnate COghdiRate syskepyand ; J td%rgrv%\(i' %ljlzsonb the
val.ues .aoi a arﬁéglotted al ong t he absci ssa.

seeFTigar PS5t hatt LoR o d%teab?%lqjdaPanéuie@u@tclc@ﬂfdhas to
ockigured due tcmtl;e r et 5 I’TarreaTé'tﬁls mappiing i rblmpllfled

s JERNSI spac vea a structure. Thi
gt&% ur e, %% cH paalstecft ASEGSE ddiS vsetdntcrtd’rﬁet h<—5’bt~'°1ln<‘3‘<fl
cHRibt TRE e | MeAt |fm¢ﬁofthdwetﬁnfhl spends| unfacter it cal
Figir 13 with Y HOanfRasoRs oL LRk fied 10

representation, also reproduces the structure obt ai ned
by return map fromthe tine series, of the electrica

sr.lgna]be wabhl et heo agphirbdderyaei %@1'1% ade dO-& A & 1 3ot ic
ni sti.c-chaotic 15 structure

h det er
of t]%gtgﬂgna éﬁ%l %‘égg‘ﬁ)h s ACAFEGI QPed St 6o lchidated for
stthgctairalgsfunen eofraphel maphe Iexeinel axerarbedid@dinent

t o] Il ra I ihme is selected as
b&le?ms%ﬁ aggetdhe%g?lrcﬁgtlurgﬂ“%@?g PesBct'® o THES

MRS dRcubBei G reEtule - f Widhal retiprmrisiton, the term

and to the calculation of the fractal dimension,
reference is made to Edward Ott, "Chaos in Dynamical
Systems", Cambridge University Press 1993, page 69 ff,
or Dr. Roman Worg "Deterministisches Chaos"
(Deterministic chaos), Bibliographisches Institut &
F.A. Brockhaus AG, 1993, page 125 ff. Calculation
methods for the fractal dimension dr are, for example,
the grating method (GV), the distance analysis method
(AV) and the magnification—multiplication method (VV).
In the exemplary embodiment of Figure 1, the grating
method (GV) is wused for calculating the fractal
dimension dr in method step 16. In this grating method,
the map is systematically covered with a grating in
two-dimensional space by squares with a side length ¢.
In this process, the side length & is increasingly
reduced and in each case the number N of squares 1is
determined which are encountered by the map.. Such a
coverage of the map with a grating is shown in
Figure 5. If ¢ is systematically reduced in size

starting from a relatively large value, a relationship
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20 reference is made to Edward Ot, "Chaos in Dynam cal
Systens"”, Canbridge University Press 1993, _page 69 ff,
or Dr. Roman Worg "Determ ni stiscﬂ_es rC]:haols Ciut g

rgdwy stic chaos), Bibliggraphi sches Instit
l(:DgﬁlEgj_rBog?g@us AG 1)993, paggg125 ff. Calculation 25
met hods for the fractal dinmension dF are, for exanple,
the grating nethod (GV), the distance analysis nethod
(AV)E%an&lSt hePhagnedi dativesnnus t inpinieat | 5n avet hod (3Adares

r ' nEigurerd, ratn_l _
roLhod (V) e sod Tor GaraElati ng. the I ac 4F d6o 109
diftensish qF & ?rZ{:hod"1 stépaight 1Mt s igr apPhginedhodhe
telapep iof sydtietmt isaldy coarsdmMdtibra gFating iflacral
t wo i ensl qpal space by squares with a side length E.
Inthis procéss, the side length E is increasingl y
reduced and in each case the nunber N of squares is 35

@H ' UiRt er map._ Such .a
gg/%r a;;%ﬂ%]ih%&rrgipﬁqﬁ ?ﬁpl gmg]'r a%%n.gé%aé#pghedmﬁwisn a ﬁlﬁﬂﬁe of
51 PP e 18 SO Ehat? cELPyTrrefucdiniae sizeetstrar tiayy of a

iat | leu Hekatih9Aship.2
(ki | bl i S aIIBLEC UL AR

- 3..11. 2004 S

ofIJethI}l%t%qul;%e% 95‘??’\% ie‘&“ﬁ‘ﬁﬂs’r‘ﬁ% gt de Fengt Rdope pf less

NCERN & |%0y- fngingest bédaovderebmdniatstr aikgttlire 1S the

obtaied: thsurskorg of,whi Ci% I8 an.gpproxi m%t Id%n c?]ff the

the ;Pre)act,al 5 di nensi 6n dF. “SGch a St r At Mifre ©F

WT-CR S/ f dr- Sexdrfpt efrarisla Glgresioin d36s Bsdshewsibn of

Ficguise sGruGitnge .a return map of a stochastic signal

wi thout any deterministic structure 10 results in a

fractal dinmension dF = 2, a slope of less than 2 is an

i Agexclfaindetrer rdhei stémpsfawctdﬁ%genf b{hﬁ tﬁ@r%g%@ltirigal
- I . magni_t ude o e s

 ReTReLs B enaon “HEE e " hon B HoB et npgich is

sEtPEREGRE: £y detecting the signal in the ambient noise

received wvia the receiving antenna, a wvalue of the
fractal dimension dy is predetermined‘ as default
dimension.chv with a permissible tolerance range + s,
for example 1.1 + 0.1 in block 19. In method step 17,
the dimension for the deterministic structure of the
electrical signal generated, calculated via the fractal
dimension dgy, 1is compared with the default dimension.
If the comparison shows that the fractal dimension dy
calculated in method step 16 as dimension for the
deterministic structure of the electrical signal is not
within the tolerance range + s, 1.e. the calculated
fractal dimension dr is greater than dy + s or less
than dr - s, the variable parameter of the model, the
current I through the eddy—current—generating coil in
the exemplary embodiment, is changed with the method
step 18 "input of control parameter". Method steps 14-
17 with generation of the electrical signal by
calculating the time series from the modified
differential equation, the mapping into the two-

dimensional phase space by return map, the
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To obtain in the tenporal course of the electrica

signal a desired determnistic structure which is .
required, for detecting the signal in the anbient noise
recgivedwy a the receiving an{enpa, a val ue of the 20
fractal; digggnsion dF is predeterm ned as default

di mension dFV with a permissible tol erance range s,

for. example 1.1 0.1 in block 19. In nethod step 17,

t h&SHSTBRSRSH Pt Hvled Brerhi®t | of sthacturacofirehef the

' i at Cc ed Vi he_fract al
o aobr s sianalagenas sl e osholgled i L.l 310,
di AeRsrone 3% t?&FCSﬁngﬁéeﬁ dRoRgaiint Comeatedcvath the

di fefeidn daimeasmuhatemginuﬁg;ha@fs%@p ﬂ%&@frg%gfagkgﬂlt
: .det em niLSkic.structure e electrical

gsﬁﬁggﬁfégﬁbtamhﬁ%ﬁﬁn TR S a e ¥ hgB &5 jwighighethe

c a%@&ﬁﬁfﬂ@& e30rdnget &l @i mensfomdFdusigheaties thapadkson,

+ &E?hoﬁﬁ%%ep%hﬁﬁ,fﬁﬁ'Fﬁfbg%ﬁat%;E%%E§n%%B%T§t%Epggtégeby
nodel . t cyrren .
ed8§9EBrF§ﬁPSQEHeF&?iﬁ@néép PATamhseexénphatiiod step 18,
enbodiireat matshchangediwi/&Q. t he method step 18 "input

of control paraneter”. Method steps 14 35 17 with

generation of the electrical signal by calculating the
ti ke serieateéhonishefomutifijd whd f @aribalcequabizan, the

1 i Nt e -_di nensi opal _phase, space by
ﬁgglgﬁgﬁéggliﬁggg%gid%%@??g%%§-§§§gilﬁgﬁgﬁ t8' to sdy the
dePLFRFRatRbn GiSTie HPAEASi B obebhe génercd tied ofi thhethe

mapabye CAlCUtRE] ng. (Deadt ackal AUBNSIONURALLor e che
repea d,and.t he d|g5n5|on i S agai n_conp Fed W the
degau%f UTREHRFohC AES| BARCHAs #6 Falensed Gefafeedsng the

di Feas$OAt dingnandéneasion Bér whhch %ﬁrﬁbé@jnag%%te 20 1is
t e S | nd duri.n the_ conparl ,

et ho ot cna et et e e e B b Gel S kigeh 6@ byhe
ag%%%c%ﬁéﬁﬁlngrﬁﬂéfépmereloﬁat@menamnsmﬂﬁﬁﬂmgiéﬁﬁﬁhﬂ£,11
undften FBledrisgaChle¥efindQion of the bandwidth and the

transmitting period and after amplification in Block
21.

The electrical signal is radiated as sound signal into
the water by the transmitting antenna 11, backscattered
from a target located in the area of the sea within
range of the transmitting antenna 11 and received via
the receiving antenna 12 placed at the location of the
transmitting antenna 11. Due to the chaotic-
deterministic structure of the transmitted signal, the
latter is concealed in the ambient noise of the target
so that the target cannot detect the transmitted signal
and thus cannot draw conclusions with respect to an
opponent located in the area of the sea and which is
actively locating. At the location of the receiving
antenna 12, the backscattered transmitted Signal is
also concealed in the ambient noise of the receiving
antenna 12, but can be detected with the aid of the

knowledge of the structural measure, that is to say the
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tch is found in the tolerance range, the
Lregtp?cal signal generated last, that is to say the
el ectrical signal which has been generated with tﬂe 15
vabue.ofwphe at |east one varjpble paraneter of the 15
nmodel 11 eagdbpg to the match, is released for feedlng0 he
tranénifting antenna 11. For this purpose, a gatﬁ IS
opened and the electrical signal is applied to the "
eIgé???%é?ntréﬁ%fo?@%rsd@termenusamsnlmtmmg;a&benm% Lthe
af teanémitesdingigdgt er m nati on of the_bandwthh_andlt E
20 transmtting period and after anplification in B Fc
21. The electrical signal is radiated as sound signa

i NfBIUEhe2 watleowdy tHe tueiIRId t}ét%tsagtf%%n?ﬁéégri‘één%f the
m.a target |ocated_ i _

?ﬂg&%%?ﬁ%f% |n%§?%%gesoﬁnﬁﬁe tP%ﬁgﬂ¥T?@ngﬂhnFéﬁnariqe1ver

arftf'd ecelvéd Bhark t@eagewei ving aptednank2 g9l aGed @lne 4t

' Qf t sansm tti ntenna 11. Due to
:E?higgﬁFFgﬁiggie?ﬁfﬁﬁg?ﬁcq%%rgggﬁﬁgegfn?%er¥?§ﬁ%nPﬁteﬁhe
.re

signalt’ e FE e el2 i sThoncecs bding atrtteeraiﬂ)im,: huiwei:cs&as
ofsetmaltlsmdjel insart haicdrhe taf geheCaly f$2¥HQMbO$%pent,
s tted signal . _and thus cannot dra oncl usi o
;;ti1 ?;%pecwa?glgélcﬁgﬁone | SEatre@oRcEhe akea @frarmed
séﬁﬁéﬁHSMﬁnﬂiysﬁna@trvwlyshohahiggnfé& %?ﬁehﬁ%a@é“kﬂgwn
ReRIVI t the backscattere _
H&; o ttdéda{%%ﬁacl?pif_gm%l %%a%]‘on%ré%a}iéoaﬁ%ql}?éi difbitdir hull
n %2@5%? Pﬂ@tre@@mﬁqﬁyesaﬁﬂéﬂnaca21e®uB1dansb@ed&b%@t@gl
PR e Sl e e
r hat is.to say the 202.03W - - 235k
g?ﬁ%ﬁ%%ﬂé%ﬁcﬁﬁﬁg%%t8?m%%%ﬂ§%?%ﬁn%ﬁﬁkw@ﬂtputhelgnals of
t t&gs iy decblsdgeal 22F Qur e %Wmé&eb%&h%rﬁ&e%szﬁm a
I @G &leVitRgLRe cLEaps -%tqﬁmfound s|gnal, perforned at
the receiver e gh In am% ock i A§F&M” ?He %%E%@“%néﬁgyls
iEEFESHt' athe t Rripecef viomgakesat iamust icecebNedt ity of
meanghofi st he right angles to the receiving antenna 12 or
can be tilted at an acute angle -90° > 6 < + 90° to the
normal of the receiving antenna 12. Structure and
operation of the beam former 23 is known and described,

for example, in US 4 060 792 or DE 21 14 373 A1 or in
DE 100 27 538.

The electrical output signal at the output of the beam
former 23, called the received signal picked up at the
receiving antenna 12 in the text which follows, is
again mapped in the same multi-dimensional phase space
by means of the same method as the electrical signal
during the generation of the transmitted signal. Since
the return map has been selected there, the mapping
into the two-dimensional phase space is performed here,
too, by means of return map (method step 25) and the
fractal dimension dr is calculated as dimensioh for the
structure of the map (method step 26). In method step
27, it is determined whether the dimension dr

corresponds to the known default dimension dgy within
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iving antenna 12. The receiving antenna 12, used as
gg?igrieg linear antenna in the exenplary enbodhnent,
10 has a nultiplicity of hydrophpnes 22 arrange <noun
eqgéifgi-osantly in a row. Such sslinear antenna |sh nhu|
aszBowedz2aoray or as a flank array attached to t eAI
of the boat, sometines al so called side streaner.

are operated together and by appropriate
%ggiggﬁg{i%%r%%gssﬁaﬁgéofi aft &b ctisteal Costipenssiognal:s and
of EEeh@hytirspideest e Tanee soaagk| ad ¢ bsﬁt@e‘;]]cgl%rz :Tzésg the
i i e (e} A recerLvin an. .
?ofgbggegﬁgnggggéﬁ %?%aggépgag6ﬁsﬁppl§8ﬂgl?F9F¥y2%f If a
vvh‘i“gﬁc% wH-hlngHiheangperance heangeeiwi mgiémgﬁ?égldltzio@r is
hee anOLTRl 101 Lhe T e0n el iy SrentBi1 3 AP diiere Shanal
| f e receilv] . . .
E)B%rl%?ig%%goP 9t Hé'S AT B Helr 1 38 aBt&kERMN1antagescrddeseen
f ofeestnplle ati nthdS 4c66@vE92 0fq DErRd %écélﬁg@l g?trgtri?g is
DEndiP0-21ea383 %%rﬂ%%a%! ectt'rl C.al Ot }lJcIt Sllg énvdde case
output of the béam Tormer 23 ciPY¥ et*eHRleecény
Si%ﬁa@ pF‘@lgé:él ugfattl@ﬁe dimm'idmg faﬁt egna lé)etté‘rrﬁﬂ?istic
t exttrudti e f ObE OWBRel S o, @2031N %ﬁ. %ﬂ Igﬂ%.efﬁﬁgg Gekault
ti-dinensi onal] phase space Dy “me ; _
%Jﬁ%edlsajso? he-Erettthearoseganare dangag:t ke ge@%ftﬁt 13N is
ofordred r atsnivhi en S:ilg_{lha|t-il$| ngﬁgliéﬂt%ort%tﬁFgrthaprecaesiving
begn cted there .the napping ;
t wo- dﬁ%ﬁleaﬁs?ghallrb%tggét%ﬁf&bﬁys PEFf ditredladler ei,aseﬁ 0]03/t b?he
ofo¥eg Xir A3 maps( metbed tst e];heZ%i_P@d?ﬁ@P? ﬁg 11588 3 wn
dia@ﬂ:&‘éa@&ﬂ!;}f cﬁe&%aq}g et‘%ﬂoiﬁsa?gépﬁe%%a%n Jgor the sime
i%fr%ﬁ u{eimg%%ﬁ“?ﬁ n@g wiéehert raves i trtens | wu@kal_ tlﬁlyr'] the
Cmeespanddnigo tdiedaaawn def aylt hgen§éggggﬁgﬁﬂsofThghe
ZQ%a AW I s 23.11.2%04 the tolerancé ran .
defa%lt R = Cied Perhrekephetent@r dnod the
r 4Aggets bar ¢Henawredvinke antenna 12 is measured by means
of a timer, not shown here, and from thisg the range r
between the locating system and the target 1is
calculated. The range r is also indicated 1in the
display wunit 31. With bearing 6 and range 1r, the

position of the target is acquired.

Apart from target detection, the method according to
the invention can also be used for identification
friend/foe. Since the default dimension for the
transmitted signals emitted for identification
friend/foe is known to all friendly vehicles, only the
friendly vehicles can detect the identification signals
which are concealed in the ambient noise. The hostile
vehicles, which do not have this information, are not
able to detect these transmitted signals in the
received ambient noise. As a result, the probability of
revealing the group of wvehicles operating with
identification friend/foe is greatly reduced, on the

one hand, and, on the other hand, it ig ensured that



receiving end and are input via an input block 29. If a
match within the tolerance range s is given, it is 5
determined by this nmeans that the transmtted signa

radf@t ey the transmitting amenna 11 has al so been
rece? vel- 2904 he receiver end. The received signal is

now rel eased for evaluation. For exanple, in the case

of wos®Tth | | NeNns| for. the determnistic 10
structure 0?6?%£§%ﬁ%|aut g%ghaFlWW?ﬁchet &f atfigntification
di nEEBIE wePRi nthue twmreinceamangdags, thagaie @G i 8y an
opeineit sttedvhiddnd 1t dd d forangl &8 Qf, L he recei ving

antenna 12, instantaneously set I'n each case by the

beam former 23, is present. The tilt angle 0 i s shown
515 T besdrliory afcdidinargettid m@ﬁ@i@y_wlrﬁotglr%%hleicted
ting fdomemssion of. the transmtted signal by the
transmtti ant enna 1T t O tH T eepts HOOInt By means of
tr &S t BUS5PPRal Ttef tent edsor backseat tesedehk 0FY hhe ang
tangﬁkﬁhmjgh%yg%gydﬁé&h tenng 12 i S negayred by neans
20 of .a tiner, not shown here, and 17 tH 3999 dhgadar
r BEWEEN ThéFodgGing §fsedm-and the target is

10cal cul ated. The range r is also indicated in the
di spl nit- 31. Wth bearing 0 and range r, the
poggf?%ﬁﬁbfﬁiﬁ% Taryet T%pacgﬂ?r§69nQ5 Apar elbpolpe mapped
t algér dét ecti b - direemetdiod. acesgh Ngshcet N8y poincara
I NypeBtiengcan &S e qﬁztor ideq@ification _
friend/foé. Since the ggfauﬁp%ﬂ%%n oM forPtAkting or by
tr&ns 11t ed SHGFal SeBHPEeRUatbeni denitdH | eakpest30o these
15 fr temosf oethe knowarseusbl! £ Q%Qg! vehi cl.es, only the |

frkgﬁgk¥e¥é icles can detecté$ e f%%n?%%?@g?fﬁh §¥§H§Isls
whi ch-are cofceal ed in the ambi ent noi se. The hostile
vehicles, which do not have this information, are not
able to detect these transmtted signals in the 35

‘recei ved anbient” noise. As a result, the probability of

reveal ing the group of vehicles operating with
identification friend/foe is greatly reduced, on the



one hand, and, on the other hand, it is ensured that
202.03WD - 15 - 23.11.2004 hostil e vehicles cannot
simulate the identification signals and thus cannot
canouf | age thenselves by an imtated identification
friend/foe. 5 The nethod ac¢érding to the invention is
not restricted to its application in underwater
technol ogy by nmeans of sonar systens. It can al so be
used for emitting and pPAmERE \JIpgMd ectronmagneti c wave
energy by neans of radar systens in the nmediumof air.
10 Instead of a return map, the signal can al so be

nmappedne tt HE P @owléﬂi@i‘?ﬁj‘sgﬂaalre@%Qﬁnggf%gvgyenergy, in

Poi ncare plotting, attractor plotting Lorentz

pl oFPiLRE of byramsphésingpavearepr esditat ien. t¥it hwith an
res ese. erns, .the literature reference
spegﬁgﬁggggégvegfééaéef%?réﬁmioﬁrﬁfémﬁﬁ?Eﬂ? CERAFMRRE  the
met hognbdr emidtiag apd teceivhAgmAYengNeBondd (11) is
mhlgh a grgnsn1tt|ng antenna (11) is fed with an

el eBEFFERFIsiighatRat reReivedniqatitigadnds bgeat heicked up

SigE@bmrQQi@é@gi@Ynéh%ﬂﬂéﬂﬁgﬁ(iépga%nhﬁp aré%é& E% end
detected in the recéived electrical signal pic &d uS !
froffa redesitvilisglansbomal (12) grndaderadecel vihng efshtinuous

t he ical, signal is generated with a conti nuous _
ten%§#§§£%%ur§8%r Fcthégga EEFbrﬁiniéﬁ??ﬁ@ﬂﬁ&ﬁQ%F‘ChaOtlc
strectuceurand ehar acheradeslriyed hatn a tductyr e rucrural
nmeasure characterizing the determnistic-chaotic

st rUBREIESi s GSEF3FEFIdEEBEt i ndehe siefrrtmimigthiec-chaotic

recet¥gdrst@nals 2ZscHhesppt hy, i ip;Claiml
characterized.i% fﬁ%t t he té%ﬁ%?ﬁﬁhgogfg% SggPﬁ% in the
el ececetaedssymarlis derived fromthe

chaotic-determ nistic oscillation

The method as claimed in Claim 1, characterized in
that the temporal course of the electrical signal is
derived from the chaotic-deterministic oscillation
characteristic of a model, the oscillation
characteristic of which can be varied by means of at

least one control parameter.

The method as claimed in claim 2, characterized in
that, as a model, the differential equation of a
pendulum of revolution with unbalance (Pohl pendulum)
is wused, the variable parameters of which are the
spring constant of a restoring spring, the amplitude
and the frequency of an external excitation, the
damping constant of an abrasive friction, the mass and
the lever arm of the unbalance and the damping

constant of an eddy-current brake.
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characteristic of a nodel, the oscillation
characteristic of which can be varied by means of at

| east one control paraneter. 3. The nethod as clai ned

i n28FaP#¥@ characterized imnl%that, as a nodel, the

di #PeténtP@t equation of a pendul umof revol ution with
unbal ance (Pohl pendulum is used, the variable

pasametexs Ofmé/’il'i&f arg the1,$REENY nst n;,0f, a ogr 3.
restori n anplitude an requency f
an ext e&g %ﬁ%%?cfionlnt héhagandilify c%h%@’%ﬂﬁitC@f amignal,

abr asi V@elﬁasra:tte@nwlthe dmSSsaidedt ?gllfu@vefgf 35%0Lrgr gﬁ?aSt
bal ons of an eddy-c

b ke 555 O30 1L BeBne O cBe et hod s mapped

cl ai medinte clai MRl bl -@imendtomct erpzesk i nsfoil@é, t hehat a

el ectrigahe st gnal , Ofgen%[rl@t ed, W, Lb, a0 asC{ %al ue of is
the at | east  one variable paraneter of e el M

mapped SFHHEGUREE companeflomalkhplrasée Spalte, dithamsiaon

di mensiamof thdegsheuatubg ofF tthe @%dtsrlc,%ﬁt e{}%@r{ée its
and corlrlpared with a default.dinmension,

gener at 10t of° t hBE8I &ct PrEht- ‘%Jrrberfh‘-’rloriat]s PHﬂESl Fpaicst cand
a mul titheli mérskeomahaphase spacetand 1@iddesion of the

t e Lon of the tructure of the
?rgpegﬁne%dp%% VBVIEI hgl{légeglégh fasECRR AP ert R altie S#ch

t he at J3Estapriel teFsdAbrelupaansieranf lede: moelvariable
until gdmindted 062t edhe WirlddA aa%$£§£ ance, tange (l (}eaet%ed

of the d| S|on1 w th the def {7 di nension has-B .
reached’tt ?hﬁf’ EREVFRafSHIget | iy aht erfa tEl)dimeisicbn

with thetlel eger IdE&lauSItgnﬂlméMQﬁJﬁ hass bpeangeneldtd ang

th t | east. one var.i.abl e paraneter
Y:V:‘ t he é}%&:el tg,_f S“t‘l qijﬁéq RN nd ) h et SHidfesh i tip the
di rrensﬁtir?qtéﬂmam i zeqnaé stirigdt uhab ressur gehekatéle with
det ect itoie afathe HeC/IRG NG €8st one variable parameter

of the model leading to the match, and the default
dimension is utilized as structural measure for

the detection at the receiving end.

5. The method as claimed in Claim 4, characterized in
that the received electrical signal of the
receiving antenna (12) is mapped into a multi-
dimensional phase space at the receiving end, a
dimension of the structure of the map is
determined and compared with the default
dimension, and that, when dimension and default
dimension match within the tolerance range (+ s),

detection of the signal is recognized.

6. The method as claimed in Claim 4 or 5,
characterized in that a characteristic quantity of
electrical signal is used for mapping the
electrical signal into the multi-dimensional phase

space and the same quantity is used for mapping
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5. The nethod as clained in Claim4, characterized in
that the received electrical signal of the 25 receiving
antenna (12) is nmapped into a _nmulti- dinmensional phase
s ' he receiving end &% di nension of the
st+Uctur® Y the map is deternined and conpared with
the default dinension, and that, when di nension and

def aul tth30 digrerisican sabeR1W LAt thket Gher 8NCe a1

s) det %catsi on, g_jcthe signal is recognized. 6. The
met hod Fas™8 &8%Fin Aaim! or 5, characterized in

that a characteristic quantity of 35 electrical signal

i Sy use I, i t : £ri . Sign intq the .
11 o ERR N i U OBl A e eq dn
used f ot afafs FEPEEEIWOticiguandtyl. 2004 t he

recei ved sighledid &1t herdmalddii@ieensi-onal  phase
space. 7. The nethqd as cl ai med i, aim 6,

n C
char acteri SRPUES (o4 SRS AARIACHERI STic quantity, -
t he peaks tdfe tdpmanpldtiwede ahe aimpe ituaegphsarE bhe

anpl i tude -t e en _the. anpl i tude, peaks or
- the spactg{ebestpv?kre!::en%%%g“%éa%pl ﬁ%u&énp rlc%hlggskg?’uisg-ofhe
space bet wéen sirce rhelsve¢mntpei irsnefitibe pedpkst wde the
through amm@nbiclicdl || ¥nsehgkt ehn aMBLbypdg, t iy eshal L 4rq

- anplitude sanples taken in identical tine nterva
or 15 - i AfEddE o dr6rPdinear e sections are

. det ect-ed amplith@enetdiohass cl ehked | Anong geht@-ainns time
4-7, char.%cct %Rfiazlesd irn that the mapping into the two 20
di mensi onal bahase sﬁace is perfornmed by neans of a
return nmapgntenseicthionise vablues Bbibberé  sections  are

.detected.

8. Tﬁe method as claimed in one of Claims 4-7,
characterized in that the mapping into the two-
dimensional phase space is performed by means of a
return map in which the values of the
characteristic quantity in a predetermined signal
segment are picked up successively in time from
the electrical signal or received signal and are
alternately allocated to one and the other

coordinate in a two-dimensional coordinate system.

9. The method as claimed in one of Claims 4-7,
characterized in that the mapping into the multi-
dimensional phase space is performed by means of a
Poincaré plot or an attractor plot or a Lorentz

plot or a phase-space representation.

10. The method as claimed in one of Claims 1-8,
characterized in that a fractal dimensidn of the
two-dimensional map is calculated as dimension of

the structure of the map.
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characteristic quantity in a predeterm ned signal
segment are picked up successively in time from the
?é%” cal signal or received signal and are 25
nat Pg all ocated to one &hd the other coordinate
BPfensi onal coordinate system 9. The nethod
as clalmsd in one of Clains 4-7, characterized in that

t helmapphag retthod hes nehkindd qjﬂﬁﬁﬁéPHaioPh%%8r38@8§1zed
is perfor a%bé’ means of a _ Paj.ncare plot or

attractor § Lbrentd! Gigension ph%s&aslpfa@@wd in
repr esemfa@r@aHCQOmﬂhethet hadnasiehaiorRd-i AudRep@fication

dai m Js8pnog Xg:%anr erize hat a fr
di mensi on o7 th %%[ m%hsn %%Jé T WapCTs "@aﬁbult%‘le d9zating
di mensiBatePd tQﬁé’st PHCt iR e agkorblencep. w20R. A0 didBance

23. 11. 20041 143 s Ther wed hpdyas clai med in daim 10,
characterized in that the fractal dinension is

calculated in accordance with the magnification -
nul2i pl Tleat i owrethoet hCETb(VV)La@ﬁ\etin ageor gapes yhthdhe 1,

gratin ccordan eV\/lththe
di st ang%éag%%{]‘%%s et Ve H@ nefhofhgs fractal

cl ai med3wenss Bdm @@tweelllo ottaracter iszac duadt hed Q@efault
val ue ddigdes{fg@ctal 10 di nension between O and 2 is

sel ected as default dinension. 13. The nethod as
claimed in daim1l, characterized in that the

t ransmTHe NgeEindd r &€ et Va Nge @NL£NABa 1 51 AT LRRESA LD T e |
wat er ﬂﬁ;& el gﬁt YO%COUStI % transducers
ransmitting and rece1v1ng antenna,

arranged in the water, has electroacoustic
transducers.



