- 1 ATLAS ELEKTRONIK GrbH Brenmen 5 IMETHOD FOR EM TTI NG AND
RECEI VI NG WAVE ENERGY The invention relates to a nethod for emtting
and receiving wave energy of the generic type defined in the
preanble of daiml1l. 10 Such a nethod is used for |ocating targets,
that is to say for determ ni nd"ifhée FESHIRONIES CrdHgets in a
surveillance area or for transmtting seempdhfication signals for the
identification friend/foe, in which 15 identification signals with
predefi nable coding are radiated, the coding of which is known only
to authorized parties. In a known nethod for the identification

friend/ fog 20 (USy3rh33 %5%)EMEQE%EG“@&BhRﬁﬁgzggﬁérbﬁ%g;gﬁgﬁggfed on

t hermal noi se by unauthorized parties is continu
a transm ssion channel. In the spectrum of this noise, part-spectra,

whi ch can be mas el 1M { BeaB@eanothera AERAL! £ T ALn N QITRLLGN
25 transm ssion in that art-%gggtra are notched out an %ronﬁ%hese
part - spect r a, T part Y ¥ c VR CWHitIF BanChe theor genared wivie obef tired hen

by means of ftleguereambbhidtiqpastierjnserted into the gaps produced.
This engyres that the nmessage is transmtted well 30 canouflaged in
t he noi se. However, the difficulty of detection by an unauthorized
party is onlyudtya|meghodi fist neebarfiw dtdradfindiecdranss sshap is to
channel is vef lfed9e & des QG t iy engur hat_t he_unaut hori zed
party cannot Eﬁ;fqrn1the sigﬁgglﬁiocégéiE%gﬁgéé%%afg BEang%ﬁetéEtL%n
within the tiTH @4dildBi® FERI nPT| nfordditeinemi tthed uitherification
di sadvant age digyridiat \Heen 8heNess@geif scaf M ided,d rm shisp t Qi cn
ship, unEQOWQdentification 'signals with predefinable coding are
radiated, the ~coding of which is known only to

authorized parties.

In a known methdbd for the identification friend/foe
20 (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
25 transmission in that part-spectra are notched out and
from thesé part-spectra, part-spectra which can be
correlated with one another by means of frequency
shifting are inserted into the gaps prceduced. This
ensures that the message is transmitted well
30 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
35 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 conseguence



Doppl er shifts occur due to the water as a consequence - 2 of
relative novenent between transmitter and receiver, which require
considerable effort at the receiving end for detectlng and decodi ng
the identification signal in order to achi eve unanbi guous

i nformati on about the 5 degree of correspondence of the received
signal with Phe &latdmia t&vaneal betvieen khoansnethed bnﬂlnmmﬁmwa;

targets (EP ©h6dh Ya3nBhk, cﬁ)ﬁél@i&rﬂﬂlteerefﬁfy@t%? @hgag 8L 5 A0
signal onto WPI ch_.a chaotic C%d%gl S .i.nmpressed e code does AoF FA%e
a fixed sequende FSE frthde @ CRALRGr ithe d6easiddcosaonAsignal in

resul t, the mz;iderduad: @C&B@Mdtﬁh@ﬁbigﬂﬁ;dé’ anstAddnRd iR SEPHRAN Qﬁf
made very s nagg n grde di stance resol ution and

at the sane t| ng%%he%:lun%rggoﬁonu?gcé %e%tééﬁ §§&§éﬂ@§ B Hadh
very large i nt’é?d%?altl%maéh@?ev%lmexl mum range which is not limted by
the coding. The coding is resistant against nonitoring and anal yzi ng

by receivers mhlch do not have the codi ng sequence. In the 20
aut hori zed retiver® whidHWs pl &t&dhast t hdorocat ilewasfingt he targets

transmtter itseld ef:o:r HIB PUy pose afrdRGatddd targekss the Lorrier
transmttgd si s%g,ﬂ ecgg1 L dhlnlg reflected at the target is recel ved
and the received &i gnar®i & eor? ef 2R Gi $RAE haSt FBREAFSE@d Ehgnabde
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initiate corre ondi ng count er measures. The | nVenti on i
the objett of }2’5 "g?g E MGt R Bimhee ¢ peulses i bh | sacente onatce

in which thecan be made very large in order to achieve maximum
range which is not limited by the coding. The coding is
resistant against monitoring and analyzing by receivers
which do not have the coding sequence. In the

20 authorized receiver, which 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

25 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

30 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
35 transmitted signals radiated by the trénsmitting
antenna are concealed in the background noise and can

only be detected by authorized receivers.



35 transmtted signals radiated by the transmtting antenna are
conceal ed in the background noise and can only be detected by

aut hori zed receivers. 3 According to thé invention, the object is
achieved by the features in Caim1. The nethod according to the
invention has the advantage 5 that the radiated Si gngl s are _

di st i ngui shed®6§Ca%1aBgeC bartiwidvanti chouthehartaietcar i 54 | echisesdi by
the spectrum t56 khatuthg aHd-t QLY hnpression is noi se-|i ke. and ]'Eheh
transmtted signals are canouflaged well in the anbient noise of the
background. At the same tinme, their energy 10 is distributed over a
wi de frequencyheangehsa hbabrdnagr ew Eﬁ@%ﬁ?ﬁh‘t@t&ﬁt ngtsfégtéi”"%%ibgﬂtage
cannot be use r chi_evi_ng an .i rovement in the |

performanér)g. g?)%?egplgoﬁao AR ¢ T tEF STyt yehmhtlag a large
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structural ang)yshsragey ding, h eory neans .o
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detected in tHeANT®HpeR@l StFurbe afet pemovihsgedteelsi gnathét sebfent
can  be extrasiish & enepBacRgrébgastivcturalofeasipe. 20.obtalned,
by this :itBaI ysi sgi%:‘ﬁ t.he received el ectrical signal picked up e
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both casts, the tructural analysis according to chaos theory by
. means of which the deterministic structute of the
transmitted signals, which cannot be detected in the

temporal course of the transmitted signal itself, can

be ' extracted. By comparing the structural measure,

20 obtained by this analysis, of the received electrical

sigﬁal 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.

25
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
30 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
35 © located by means of the transmitted signals nor third
parties monitoring the transmitting area can detect the

radiation of the transmitted signals.



probability of the transmtting party revealing hinmself is very |ow
due to the canouflaging of the transmttgd._ signals in the anbient
noi se, since neither the target 35 | ocated by means of the o
transmtted signals nor third parties nonitoring the transmtting
area can detect the radiation of the transmtted signals. 4 The
met hod accor dfR§ BT | AFEREASASI stor dihe abhnyentded | ¥s updefwardly
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unbal anc gqg Jlation characteristic of which can 20 be
descri be by a éferé(:ln%l Tl equation. The variable paraneters are

the spring constant of a restoring spring, the anplltude and
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characterlstlc of which can be varied by means of at
least one parameter. An example of such a model is a
pendulum .of revolution, known as Pohl pendulum, with
unbalance, the oscillation characteristic of which can
20 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
25 and the damping constant of an eddy current brake. The
solution of this differential egqguation 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
30 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 used as control
parameter.
35
To Dbe 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 paranmeter for the iterative variation of the
differential equation. In the exanple ofsthe Pohl pendulum for
exanpl e, the current through the eddy-current brake can be used as
control paranmeter. 35 To be able to characterize the structure of
the electricgl iu%nal gener at ed, which cannot be detected in the
tenporal course itself by neshs A IS udkurdie - S eetwdsgr eendii cior
i s required atetiketiegei sthengtendshartedetLeriag tﬁech%%%%kﬁég];c of
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According to girslr?g?%{;l?ed EibodPRERt AR §hventhér, dBnemmidn actial
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cal cul at ed asrgiiEASh oy 5! € ich foll]ows, the invention is
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target. In theherasdeiky g 1 shows a bl ock diagram for
illustrating the part of the nethod at the 25 transmtting end,
Figure 2 shows a block diagramfor illustrating the part of the

met hod at theéidewEiMiqigto a preferred embodiment of the invention
15 the fractal dimension of the two-dimensional mapping of

the electrical signal is calculated as dimension.

In the text which foliows, 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 wvariation a(t) of a
chaotic-deterministic oscillation of a
model for generating the temporal course
of an electrical signal with

35 deterministic-chaotic structure,



end, 30 Figure 3 shows an angular variation a(t) of a _

chaot i c-detgerm' nistic oscillation of a_ godel for generating the
tenporal course of an electrical signal with 35 .
determnistic-chaotic structure, - 6 Figure 4 shows a diagram for
expl aining the, function block return map in the block di agram of
Figure 1 and 2299 Fi4ures 5 HRFS showdtaerdinagrfans ferpexpliaidi nghe

the function block "fract alfﬁd@iﬁ OIIB:'IiOJ:]e r]lcéigrgl%iént 2Qgc%hvelenb£ggk
net hod described in the text. whic ol | ows, (
| ocation of targets |ocated PRI Wit FL9WB¢ Imdafis 2of which both the

targets can be acquired, i.e. detected and the position (distance

. e I ) q
and beari if i du targets can be determ ned, soun
energy i s§93 a%gé%lke% ién'[‘lzglm%/héej ?rgehd?“ﬁmgg? %A theT t FameiiinAg gl
end and wave energy backscatfecéd ofr obilbhe nmediranths aesehyesnat {he

receiving end. For' this PUERQ$Ees? 1 gggnyp’ tting antenna 11 which
radi ates the sound energy w thin a wde sector of space or all .
around, is used at the transmtting end and a receiving antenna with

20 directiondln ey and enost Hesbsibs@diAl thhe tggeiying, £nd. Yy neans
energy and its directidn o

of which,the peak of. the received wave ts
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12 at the rec@fVaguadndarHris i penbéeweiatarie e sséomaf ehbegy is
transmtted radiated into the medium of water -at the transmitting
15 end and wave energy backscattered from the medium is
received at the receiving end. For' this purpose, 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
20 directional characteristic is used 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
25 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
30 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.

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

transmitted signal is concealed in the ambient noise of



signal by the transmtting antenna 11 and the reception 30 of the
radi ated signal by the receiving antenna 7,12 is measured and the
measured tinme is used for calculating the distance between the
transmtting antenna 11 and the target. 35 So that the | ocating of
the target by the transmtting signal radiated once or several tines
with a particthar teerded iksynot natmnﬁb;h}hdlhﬁ_;tafg%ati§§l foft h&he

transmtted sj o] d i ent _noi se of -
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5 the anbi ent gm se_of the receiving anten
signal of Y hetP8c&MANTTanteh?a £F. he rarsipirposerennaprincipl ehe

the el ectricakesegnadl signafeedi sget hectiansgi Ltidganienna 11 is
generated 10 with a tenporal course which has a determnistic
chaotic structure, and for the detection at the receiving end, a

Ztructural ne%@Eréhll§ @B@Wﬂ,Chl?cmrlmt]_@rlletze&liefleelectzlrlc%]é s1gnal
et ermni sti ceshagiday ugct r | ectrical signa
3 l%%r E‘lﬁé’ Enenints FIguraa, l%l rst ﬁﬁé‘erated

shown in deta|I in the ock |agramo
t enporal ! Ocoufstlofd tiRMRI%R: ricurss gndlidls dersi ved ﬁeomrtnh]ﬁlstlc—

chaotic- det efiadi 5¢ i CsosaEthatbi onaghar agherigid ¢ 9 %t@c@}) thghe
oscillation characterlstlc of ich can be varied
sel ected paranmeter. ¢l 1B coft r AE2F Bdne fier sl et héSt e)atseWm whlch
fol l ows. For @mqﬂtasm@sthmeflrcﬁterm{ﬂg@tifcel@hla% 'ffs%E:EBEhi‘Je of
equati on m)deg e g%ggre tial 1 eqyation o pendul_.um o
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a restoring sMd N@1eche:2aRl I 644651 is derived from the chaotic-
deterministic oscillation characteristic of a model,
the oscillatio_n characteristic of which can be varied
by means of a selected parameter, called control
20 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 variable parameters of which are the
25 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.
30
The complete differential equation of such a Pohl

pendulum is:

. . v
@-aa:D-[a-ae-sma)et]er-g-rosma—kd,—“~kd2~va-12
[l
35 where the restoring moment is

M pu= D[a —q,-sin a)et] ,



and frequency of an external excitation, the danping constant of an
abrasive friction, the mass and the |ever armof the unbal ance and
the danping constant of an eddy-current "brake. 30 The Sonplete
differential equation of such a Pohl pendulumis: o -a"=D

a- aesi nwet | +ng-rosi na-kd, v"-k,zZv"lz v" 35 where the restoring
nonent is Maack = D[a -a, - sin wt , - g - ;he ?pneny ongnbal?nce
is Memg r, sitpR e brasive friction is M, nref_
-kd~ | vg andtgg T8é?%2 %gﬁgﬁ?gégﬁfﬁeigddy-current brake is

Mv bel =-kd2V J2 where: 15 D( = instantaneous angle variable va =
angul ar. vel odf,tymag- -=sangul ar acceleration t = tinme 20 D = spring
const ant the restoring spring m= mass of unbal ance ro = distance
of the unbal ance fromthe axis of rotation g = acceleration due to
gravity 25 8thetwotaéntpoBnibphsinertidcegor adplitude of the
excitation oe = angul ar frequency of the excitation

Vo

Mschleif =~k }v I and
Q

10 the moment of the eddy-current brake is

M, ipe = —kgyv, - 12
where:
15
o = instantaneous angle variable
Vo = angular.velocity
= = angular acceleration
t = time
20 D = spring constant of the restoring spring
m = mass of unbalance
Yo = distance of the unbalance from the axis ' of
rotation
g = acceleration due to gravity
25 ® = total moment of inertia -
Cle = amplitude of the excitation
De = angular frequency of the excitation
ka1 = damping constant of the constant abrasive
friction
30 ka = damping constant of the eddy-current damping
I = current through the eddy-current-generating
coil.

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

control parameter, the following function is obtained.



kdi = dampi ng constant of the constant abrasive friction 30 kd2 =

darrpl ng constant of the eddy-current danping I = current through the
eddy-current-generating coil. If all pararreters are permanently
predeterm ned and 35 only one paraneter, in this case the current |
t hrough the eddy-current-generating coil, is left as variable

control paraneter, the following function is obtained. 9 - a =f (t,
1) , which is useddofy simulating the temporal course of the 5

el ectrical signal, vvhere a is the signal anplitude. The solution of
this differential equation with permanently predeternined parameters
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15 wvariable of the signal.

The time series of the electrical signal is mapped in a
multi-dimensional space in -‘which 1its deterministic
structure can be recognized, and a dimension of the
20  structure of the map is determined. In the exemplary
embodiment, the time series is mapped in 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
25 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
30 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
35 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



of the electrical signal occurring in the same time intervals
\églnugz used. It is also possible to use 30 as selected characteristic
the tine segnents of the penetration points of a Poincard section.
Wth respect to the Poincard section, reference is made to Crighton
Dow i ng "Modern Methods in Anal ytical Acoustics”, Springer-Verlag
London Ltd., 1892¢spage 698 the. eThetB5cadsuligrafl tde: rel s fedmplbhys
produced of the elecasteabeohonph LanLhe,tuordinensional phase spage
is illustrated in the diagram of Figure 2°"he p _
produced in stich REFEHME? TRAESS heohod® plested dDonyathesannewnsss .

lectricatr signal wee pbeohtediaheng theeordi nate 0hafapy
:\r/]vg- Si ﬁgnr: onal c%bt?di nate system andn}gi ts previous val ues 2ot a _%?Ea
plotted arong THE aBE] glsazf OFFutEheduBent?| ddie y nettatrra map. The

consi der abl e i@ ISy r _édumcemjh@qsm?::lr eﬁab%‘fu%t@af%gﬁsr %‘:Ji@ﬂrl@@urghe
mappi ng in twedi SPILE 1 ey i 'S ders

st Irogct gr e, vmw?lcl% %@%’se‘%%e erlflv&glf;r GfSthe S 04%12"(‘1@63 frﬁm the
osci |l ation ¢Madte Ponrchbhaulom afcordi ngohd thguéLem ’aCﬁ?Iﬁlr@r to
reasons of simplurdd @d 10 rgpresentgliion, xﬁééﬁoor@pro Sfes oﬁfr’i’?l]eified
structurg obtained by return map from the tine Ser'(g;’m| Wi ined
electrical <SEEHASSRIENiRe AMAQ tIRRE QA e, sTou ebttaine

charact eri ze byhirsedetrermapi o Chaotd fine 1581 LHCT Wie Gf, téﬂfﬁcﬁ!xginé‘all
a di nensi on Irs{’% llc%li%ﬁle%ﬁ;f or h%u truct uyr ellgf he map. Ini ; e
exenpl ary ' enbodi ent,  the SOPCAEE FRaLRRICdPrensi on dF A
sel ected as dimension f](c)r Lhe struct gg. V\g}gnreggeféf;?eﬁlcg }gr?ade
Tt S AL e e A R
Press 1993, nggcggrﬁfpf(ﬁhqyslg@%@n yodgmedetenniisi stlsohasechaey’
(DetePWiniSttﬁeCE&Q@btd@dﬂdﬁxﬁﬁﬁw%§ﬁhe§nlEﬁ%‘%&Eﬁ%lary'embodiment,
the so-called fractal dimension dr is selected as
dimension for the structure. With respect to the term
and to the calculation of the fractal dimension,
20 reference is made to Edward Ott, "Chaos in Dynamical
Systems", Cambridge University Press 1993, page 69 ff,
or Dr. Roman Worg "Deterministisches Chaog"
(Deterministic chaos), Bibliographisches Institut &
F.A. Brockhaus AG, 1993, page 125 ff. Calculation
25 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
30 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
35 determined which are encountered by the map; Such a
coverage of the map with a grating is shown in
Figure 5. If ¢ 1is systematically reduced in size

starting from a relatively large value, a relationship
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required, fotnhdstgel|,pg,t-ae signal in the anbient noise receive
t he recelisvi ng antenna, a value of the

a

To obtain in the temporal course of the electrical
signal a desired deterministic structure which is
required. for detecting the signal in the ambient noise
received - via the receiving antenna, a value of the
20 fractal dimension d 1is predetermined. as default
dimension dyy 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
25 dimension dgy, is compared with the default dimension.
If the comparison shows that the fractal dimension dp
calculated in method step 16 as dimension for the
deterministic structure of the electrical signal is not
within the tolerance range + s, i.e. the calculated
30 fractal dimension dr is greater than dpy + s or less
than dr - s, the variable parameter of the model, the
current T through the eddy—current—generating coil in
the exemplary embodiment, is changed with the method
step 18 "input of control parameter". Method steps 14-
35 17 with generation of the electrical signal by
calculating the time series from the modified
differential equation, the mapping into the two-

dimensional phase sSpace by return map, the



ractal dinension dF is predeternined as default dinension dF-
3V|Qt];1 g perm ssible tolerance range s, for exanple 1.1 0.1 |tn b![ lcj)(rzlé
19. In nethod step 17, the dinension for-4 he determnistic s Iru<2:5
of the electrical signal generated, calculated via the fractﬁ
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cture of i p al:cu - he fractal dinension
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i i i dFV and
di mensi o’ As long as no match of default 5 di mension .
di mensi on dF ®hi ch iwavthhinst heoutdl eirrgnctg,er angs .,313 fglé}ln}%ﬁdurlgggd
the conparisop, . &t hog st.egps 14, 15 and 16 are continuou epe
by again chan%;?%gr%%% cSMIPGL 2Rt 'erd | hambt hddadt eps 180 amti tha

match is achieledtrigalf a(?rlmt;ghwhtsﬁg?uimsbi (@;%215 %ﬁ%@fe €8 HARgS chbe
2! gﬁgl“ ﬁﬁ: cﬁl\ﬁiﬁh%gggerg%%r fed With CRE ‘YFaII”jL?éDJo? Pﬁ§a§€tﬁéa§1f obke
variablelﬁarﬂﬁﬂ@* Wadieg to the match, is released for feeding the
transmitting antenna Il. For this purpose, a gate 20 is
opened and the electrical signal is applied to the
electrical transformers of the transmitting antenna 11
after filtering, determination of the bandwidth and the
20 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
25 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
30 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 Ilocating. At the Ilocation of the receiving
35 antenna 12, the backscattered transmitted éignal 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



i i d for feeding the
el leading to the match, i's rel ease (
Efagggitting an?enna 11. For this purpose, a gate 20 is ?psgggsagg
the electrical signal is applied to the 18l ectrical transfo

i i i nati on of the
itting antenna 11 after filtering, determ nati _ _
Lgﬁd&{g?ﬁn;nd tﬁe 20 transmtting period and after agpl!fhg?t:gPoln
Che vt o by thatrancuit Lond ant ense ST B o Ve aSH OB ¢ bl the
b it ntenna 11, I
:gfggft?Lca?egggﬁgﬁ%g%gbeglggaﬁhe sga mnthlﬂ rsgggisrnghgntenna i
transmtting antenna 11 and received via e nna 12
Chaot | - det et tenrst fe oreher uFhEoT R e RRR  SrET T 1 cipsi gresie L img Sohe
iC- termnisti ' . .
rgﬁ?éicis gonEEﬁPéﬁlFHe@hes%m%ﬁeﬁﬂsnuﬂ;e @brﬁbegéaLgﬁicéﬁﬁzt %g%p%r
ISR b byl o I L g AT
i - a - -
gggcggzlaﬂfcﬂtég G§§€%3§F¥?|&@§ﬁﬁﬁ@n Ai?theﬂkbbakiobyofmiéﬁiregplthg
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the hydrophones 22 in a so-called ‘beam former 23, a
directional pattern of the receiving antenna 12 is
formed, the axis of greatest acougtic sensitivity of
which is at right angles to the receiving antenna 12 or
20  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 Al or in
DE 100 27 538,
25
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
30 Dby 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
35 fractal dimension dr i1s calculated as dimension for the
structure of the map (method step 26). In method step
27, it is determined whether the dimension dg
corresponds to the known default dimension dpy within
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ant enna h&§ gpgglﬁgeﬁf the target in a display unit 31. The time
from emission of the transmitted signal by' the

Lransmitting antenna 11 to the reception of- the
transmitted signal reflected or backscattered from the
target by the receiving antenna 12 is measured by means
20 of a timer, not shown here, and from this the range r
between the locating system and the target is
calculated. The range r 1is also indicated in the
display wunit 31. With bearing 6 and range r, the
position of the target is acquired.
25
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
30 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
35 received ambient noise. As a result, the probability of
revealing 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



received at the receiver end. The received signal is now rel eased
for evaluation. For exanple, in the case;s0f a match of the dinension
for the determnistic 10 structure of the output signal with the
default dinmension within the tolerance range s, a gate 30 is

opened at whi %h ttgﬁ tilt angl e 9 of the receiving antenna 12,

i nst ant aneous Y ¢@t S n VERCH1E8se CHYnPke Sheuhnter nehe 23 démst Pf esanion
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reflected or backscattered fromthe target by the receiving antenna
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defaul t di nensyehefiorinhehe tmadsamt bedssignals emitted for
identifigation 30 friend/foe is known to all friendly vehicles, only
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sinmul ate tThe identificationdterature reference specified above is
referred to.



signals and thus cannot canoufl age thenselves by an imtated
identification friend/foe. 5 The nethod according to the invention is
not restricted to its application in_u?éie_rwat er technol ogy by neans
of sonar systens. It can also be used for emtting and receiving

el ectromagneti ¢ wave energy by means of radar systens in the nmedium
of air. 10 Instead of a return map, the signal can al so be mapped
into a nulti-dinensional phase space by Poincare plotting, attractor
plotting or Lorentz plotting or by a phase space representation.
Wth respect to these 15 terns, the literature reference specified
above is referred to. - 16 - PAT %IEAIIVB 5 i. A nmethod for
emtting and receiving wave ener gy, 5 WHrEh a transmitti ng ant enna
(11) is fed®with an electrical signal with a deterninistic-chaotic
structure at the transstidd ngoenshiandnthangi gpabidihyg agivat adeby,t he
{ransmtting antenng, (e s, deleghediln Lhe recehyed el eelr 'wcgi
signal picked up froma receiving anteni a? ei)) at the fecervi'n

end, characterized 'h $HHt-treleFédtd} caltisiygrigtermdngehermhedtiith a
predeterm ned structturnaltutd measuvee twhhehi deher nAesntihehe signal

det er i ni stpc- chaotify; SLRUCKHYT el theqgoNALoUS,Lempor ah oufge of
the signal, and th tt the structural neasure i s used for c}et,ectl ng
the signal in the re€d&iVEd SPghif. Toer Y edTiRd et hortd ast ¥eai Pedkrh
claim1, characterizeddom a hgrethend enponak cour set ofhd heeceliecty i cal
signal is derived ddgmdrheachapti&s dgt epmddi std Co1 086HILat 1598na1
characteristic of a nodel, the . ,

ls “gernerated with a predetermined structural

15 measure which determines the deterministic-chaotic
structure of the continuous temporal course of the
signal, and that the structural measure is used

for detecting the signal in the received signal.

20 2. 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

25 by means of at least one parameter.

3. The method as claimed in claim 2, characterized in
that, as a model, the differential equation of a
pendulum of revolution with unbalance (Pohl

30 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

35 the unbalance and the damping constant of an eddy-

current brake.



oscillation characteristic of which can be varied 25 by neans of at
| east one paraneter. 3. The method as clained in claim2,
characterized in that, as a nodel, thedi £ferential equation of a
pendul um of revolution w th unbalance (Pohl 30 pendul ur’r) is used, the

variabl e paraneterg.of ,which arg thglﬁg&%gg cplpstaﬂt a, resiggri ng
spring, the anplitude an d the fr %encgﬁE cﬁle ext er nal  excitartron,
ti

the danpi ng const &ht*of ﬁﬁlzﬁﬂraéﬁ t heLRESS1GAd t Heldreller
arm of 35 the unbafafsetand wh@hda@pw@sm@tmﬂxw af eddy- aturlreentt

brake. - 17 4. Torenetdwotaiase cl@ r@set & cloH rrtaeormédelchaiﬁctn%@tp@%ﬂ
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altered val ue of the atd9exstivneiari &l e tb&r angtBeneiophe abdelthe
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dimension is utilwzed aset hie predet erimened orstiiust bealn neasdredf oknd

the detection at ¢fe: tne transmitting antenna (11) is fed with the
electrical signal which has been generated with
the value of the at least one variable parameter
of the model leading to the match, and the default
dimension is utilized as the predetermined
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) 1is mapped into a multi-
dimensional phase space at the receiving end, a
dimension of the structure of the map 1is
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



receiving end. 5. The nmethod as clained in Claim4, 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
di mensi on of the structure of the map is determ ned and conpared
with the default me nd , di nS| n.

di mensi on nat ch mnt |n9§ gQFS ergggg%%ange qEI 6};tlon %n%ﬁ%§al
signal is recogni® Byse 65PaRR: met hod as clalned in Cla|n14 or 5,
characterized in that a characteristic quantity of electrical signa

is used for mappingethetnshecl! icalingdgnal ¢niont Be Myl tﬂa&'e%ri%uorﬁ'
phase space and t gts%gecg%fné%tyléglcsgﬁaégr mappi ng - 18

received signal into t hase space. 7. The
net hod as cl ai ned i Ah€l &ER<6, ochabscrEriliéddenort hat as
characteristic quantthky troudhe pdaksecotmiphe tampl otrude or - the

troughs of the anpl%%%d%p%%e b%@%e%@a%%eb%%ﬁggﬁuhge anlltag:noghé

t he space between the a roug

transition points of %e g%agﬁp% tw&gntﬁisuaﬂp&ﬁt598|$F8P9§§ 8¢l ect ed
anpl i tude threshal dté?re -Seant | bedeesanpiles tarkealthondemtinga ofmghe
intervals or - inteessettitons of tRaiongar e $ecti endiareridet ected.eBed
The met hod of clalngg?q@tg@% ot CalA% 457, characterized in that
the mapping into the [4o: dUmensl ohAls PNIss.SPace,’s PSLICIIRY PY i

nmeans of a
intervals or

- intersections of Poincaré sections are
detected.
8. The method of claimed 1in 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 «c¢laimed in one of Claims 4-7,
characterized 1in 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 1in that a fractal dimension of the
two-dimensional map is calculated as dimension of

the structure of the map.



return map in which the values of the <characteristic quantity in a

predeterm ned signal segnent are picked up successively in tine from

the electrical signal or received signgl, and are alternately

all ocated to one and the other coordinate in a two-di nensional

coordinate system 9. The method as clained in one of Cains 4-7,

characterized in, that the pi.ng into the 5|onal

space is perforr?r%ad gfglenear?gla%f a S‘llrr%(e:%r éngﬁgfm&r Etrragéfﬁf %fot

or a Lorentz plot &é” atfmfaséh%péééc’?@préslé?ﬁ%mnonls 1Qal<‘-l'¢ﬂeatr$@1thnd as

clainmed in one of ClazichsBddn&s wicharaet eidzied danibhat mufdigetabtion

di mensi on of the t\ﬁgt%gena;vgna(gr n'%%ih@ccco@dggggt% as glmsﬁm ong%f
ai

the structure of the as clai ned |

10, characteti zed F‘ﬁtf’ﬁﬁt Ge fYactBl 2AFHEIREIGN Tisthcabewl dtaBenas
accordance W th theamagpnsfs oatthod {Awul tiplication nethod (W) or in
accordance wth the grating 5 nethod (GVY) or in accordance with the
di stance anal yfé S t hod %QVA 12. Tge nmet hod as clained in daim1l0
or 11, charactetized®i nhat%a 981 ué'8t™the tFactad ™ 10 ditrensiion
between 0 and 2 is sékeetedrigsddetaulthatdi aensilor. 48. tHee fetdiod as

claimed in @ aiml, sgeharacderbaadenn o that ot he td.anseibt hogqand, 1«
recei ving antenna, 15 arranged in the water, has el ectroacoustic

dIfmension
transducers.

13. The method as claimed in Claim 1, characterized in
that the transmitting and receiving antenna,
15 arranged in the water, has electroacoustic

transducers.



