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-1 WD 2005/ 119291 PCT/ EP2005/ 004476 ATLAS ELEKTRONI K
GrbH Brenmen TEST METHOD FOR, A METHOD FOR PASSI VELY
OBTAI NI NG TARGET 5 PARAMETERS The invention relates to
a test method for a nethod for passively obtaining
varzfH5/dasaskbout a nmoving target whi chedtyeRabbE ) dk476
wave energy, in particular sound, by 10 neans of which
direction angl es AEBASEE&EKE?OH$Kaﬁhb?| target ?atalat
successive track positio of a vehicle, in particular
of a water vehiclg, mhicﬁia%Wg}nines its track
posi ti ons using an on-board aut ononbus navi gation

&!@ﬁeMETh@Dp@bki@UME&HQB_Fﬁkegﬁéﬁ?gEﬂ§Vb§?%£ﬁfN§y§£§ T
15 by finding the direction of the target by neans o
an on-board-based di r FAHBHHIRNRII ng system with the
target range, the target velocity, the target course

. By bei det iLned f t hi
BES: Shvrar: o1 Dl P59 oo "Bara=t 6T hodr G8F  RonasbeRniAE

bhaesposlyi obtathényelteoidet adatat hbotourssen®fing t 8696kt
X Le.of..a_s C el, of su rine or o
R I e A R S LM
Fornexakpkeighs girectierorzi es aund aueavessel as wathoal
£evgat i agrht s€l buctBsbDoe CRBECK Obodi FBLHO, écp?h§cle,
known_as a TMA (target notion analysis) method for
bRsBATEIFEI Gt Ofafa "HtSET NG 16 Yoty odepermimes jts
soackl pbéthibﬁseﬁ%iﬁ@daﬁreﬂlbbgrdt%ﬁg@h3M§%£G%§VY§?tPMn
rodpr iLon-finding syste and, the, direction
%T’]%?e tog%lhggggrg&lel?afs aﬁgajs%tre Tgteé)a?‘?‘fjr%atfjr%?n gpstem,
bﬁiﬁﬁﬁﬁiEGSﬁhﬁoﬂinﬁqﬁﬁﬁﬂiqﬁltﬁethergéar@ﬁ memns of an
sstborted{Lam t bissdichectironsangl e ég&ﬁé&?er, Wb Thg
track position of the vehicle or the Vvehicle' s own
PRETET om0 h &M s TAEIPEI off IR ity t hbewtiagivathec@Brse
andfet whiechadrgyeVibdgi Bio@Nbeshy Malced ridnget MelPCilys

as further actual target data.

In order to determine the position, the velocity and
the course of a target, for example of a surface
vessel, of a submarine or of a torpedo, as so-called
target data from a vehicle, for example a submarine or
a surface vessel, without revealing itself, in the case
of a method which is known as a TMA (target motion
analysis) method for passive target data determination

(DE 101 29 726 Al) sound which is emitted from the
target is received by a sonar direction-finding system,
and the direction angle to the target is measured.
Starting from an initial position, a position of the
target is estimated from this direction angle together
with the track position of the vehicle or the vehicle's
own position, with this position being that which the
target which is moving at an estimated target velocity
will assume after a time interval, and an associated
estimated direction angle is calculated. The difference
between the measured direction angle and the estimated

direction angle is reduced iteratively until an error
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will assunme after a tine interval, and an associ at ed
estimated direction angle is calculated. The difference
bet ween the neasured direction angle and the estinmated
direction angle is reduced iteratively until an error
WO 2005/11923d1 - 2 - PCT/ EP2005/ 004476 IPCmykPian5/004476
undershot, that is to say, the estimated direction
dngh&.cdsreapdeﬂshbe th@hmeasugedxﬂiéegtioﬁhean@%@amated

Gent for rr nc basic esti
S%S|t|on9ﬁs£$ %%tl Eg? 5955 55%@35ﬁ%$ﬁ§10n
esdlieat edxcERfe tﬁpn hetltar g&aﬂ;o:nt he:cbmlgn’(ce vel T t ybanict:

the hanget CRYLSE:iahe C@ACUL&&E EEQHH dtchgct'toa&get
b

angl e and the target position. e vehic
RSSO dhE SHes tasiee & e é?amgﬁ.‘-‘d, |trh<-“a target

kRQwe 1FgNNatd bt%/héfe@ﬂﬁgéi aaugaebe%d c%gt&lrl%r&last f]rQJtm dthe
atlon S em nmeans of an integrate
BT icth SR ndy R Bai s Bt e Care i PR TR e =
tqvm/qboaarmhdrlrm dhdt ameekt el eicbrar eatet aéﬁrbﬁfadnba in a
ri the vehicle The el oci IS
de E%hnm? %g % %og,%for mhléh mavéyeﬁEF: qpus
I@Whgéﬁgmmt@cst@ﬁmecnoumauy dyd neanecefved, Duppimrted
%ﬁﬁﬁ@%%ldﬁté¥sﬂéﬁleE?'Q@aQB Qﬂ@ @ﬁP dtHE Qﬂr@%%ggilof

in the transm ssion nmedium The Doppler sh is a

E2dGle 2Bf tﬁ%evéi%ﬁﬁ%%Fel)ﬁﬁﬂW%lqdog§r6n @ﬁ¥%¥mlned by

viehistirésg tumsmlo@myldoﬂvawé vwBheh1ar e Thef hegted tfr am
20 .SE i n_.the_case of t "botton1track" and

RSB ol DoBE R BB PRLeSTipRE erszpY. is
Iuraﬂ$m1t¢&§e dﬁrEh61bwaﬂéy taadk"isthEe¢éﬁvgﬁﬁH(ﬂbppler—

wfwd' ogftlé%sfetﬂ%ét W idh the ?}3% Qﬁ%%moﬂ Qon.da,

pro uce epen dent trac position are su Ject to
fohew taser spg- seriere flacdered Ty Mopw ldat sHifdmifs gwmeasure

Al ases iveDsdefy. t oOpgsheEA n@ogbe vehi 683 owHirdig s
% ositign fromthe neasured track positjon. A so-cal | ed

ATTEIES afCBPPant8VEdst YRE SR cafFf ed Bt e F RS 30E lerthe
tseabed, f yit heheal casé y odf ehd MAboetbaed tstedk'®s and from

water layers, 1in the case of the "water track". In the
case of the "water track", the integrated navigation
uses the flow in the measurement region to produce
dependent track positions which are subject to flow and
are corrected by flow data from flow atlases, in order
to determine the vehicle's own true position from the

measured track position.

A so-called SAT (sea acceptance test) is carried out in
order to verify the wvalidity of a TMA method such as
this, in which the directions of one or more targets
from the vehicle are found using one or more sensors in
a sonar direction-finding system. When using the TMA
method, target ranges and target velocity, target
course and target position are estimated as target data
from the north-related direction angles obtained from
the directions that are found, which target data must
reach specific error tolerances for validation after a

specific run-in time.
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this, in which the directions of one or nore targets
fromthe vehicle are found using one or nore sensors in
a sonar direction- finding system Wen using the TMA
nmet hod, target ranges and target velocity, target 35
@@u?%@ﬁéﬁ%&zﬁérget position & e estinat edPEs/EEA0PEY 0064 76
fromthe north-related direction angl es obtained from
the directions that are found, which target data nust

C i fi rer. | eran for. v Iid tion after a
SR AARLLE £ Bk RTTEES L0 N 581 LoDt
P@$ﬁEP@ﬂ@Eﬁb@¢¢ﬂ& CHﬂabmv@%@dOWlth baséﬂToan@h@yﬂm&anS

f t h d
of specid ying %cée%%aﬂiq hod whi g e%&f psed Wih.an .,

SAT and by neans whi ch "t he acc ity of a
ﬁiﬁFﬁéﬂ‘lPéngat@% ydast@ef:éflmhﬂ neeteFpetedagaiekpvpand

geteerhped guickhy . and preferably on-1ine. According
to the invention, the object is achieved by the

features of claim1l. 10 The method according to the
Aaverntliiog has tihee advantaga, that dbdjearal 1di byhatvele by

%ﬁ%hQQaEBrQE ggsggglﬁa? pe assessed even during the

test run at sea an results are inadequate,
can be followed by one or nore 15 repeat tests

Tﬁ@eﬁb@h%HYac%%rﬁﬂﬁb the tBAT 1ingeh@Ibhl §h8d tHeN ddviBrta age
g9 Itslﬁgaa conS|derabIe cost savin si nce every

BYr & atheedoh PR drie' BeoweSthasseprnt e
thecSAfdasvdie dehind ethe whisth #he adi@@ﬁlémaflmel&%e

fltte and . wth one. target shi
is%gégg]gm ated™ %t SEHREGH coaﬁs € Tﬁgﬁ[ 588 PT hore
sepebti tesbaseampdiptiedw. Bbndhag Mhas&ﬂ@n&mtres¢$u@med
9R Ongns. owniyessel, ofs the syrface and target o shifd g

which is used as a reference tar%et produces
EAFER- PEPAY eH2Bo¥EFEN 1PaFee8 16EIhAGh Saac Uiady onfer' Gmops

whiehli t fbg p@ﬁ&ibBﬁTth@a|%%bathﬁﬁbieeX%%t AP UL € he
al u for .th irection ang t ar.get, These
85 8rEe 0% 41 08451 SPRESH: Foertohoange anan: Afgepr Tote
target ships is associated with high costs. The land-
based or satellite-based position-finding measurement
system on one's own vessel on the surface and target
ship which 1is used as a reference target produces
earth-related position values of high accuracy, from
which it is possible to calculate very exact absolute
values for the direction angle and target range. These
absolute values of the direction angle and target
range, which have been determined at the same times as
the directions found by the direction-finding system
for the TMA method, are associated with the track
positions which the wvehicle has determined using the
on-board autonomous navigation system at the times in
which the directions were found for the TMA method. The
track positions and the wvalue pairs associated with
them are used to calculate target positions, from which
a smoothed reference target track 1is estimated for
example by means of Kalman filters. Reference direction
angles, a reference target position, reference target

ranges, a reference target velocity and/or a reference



10

15

20

25

30

35

range, which have been determ ned at the sanme tinmes as
the directions found by the direction- finding system
30 for the TMA nethod, are associated with the track
posi tions which the vehicle has determ ned using the

o10- 208Bd1rarsanonous navi gat ipon- syst em at pichegb: 005y 0iod476
whi ch the directions were found for the TMA net hod. The

tyBele thosbiliF @NSadB8di Ehaevakug &@oﬁﬁ £35S Ofd Al ach Wi t@a?&ﬁc
t hem ar sed}o cal cul at tarl_?l $05|t|ons fromwhitT

a s T er BT R A Yot W HACKRT sCREFERRe Y FPractual
e»ean_mte Icfgatmeanbtaﬁnlﬁdl masifig | ttehes. TRef ementeddi r eet i ©Re

et osition, eferenetar et
?%%gcg% a@:c{f fbe%tg%cgi t%?%e Eﬂ\3e Bty f r%kfeer%?l%%al
mm/lﬁmwer@wz@mm&nmrwommm test

@r@s{dlst dey ineed: £am the £ ef.granee d argels 1¢ ack. and

are/is conpared with the correspondi ng actual™ targe
PR TottihetP 1 ned el Rt ddta h%stﬂdnasfcﬁ%pmwg

hetevemn ther ied epgnee reak Uesmpagd1Ebe agtualc ke VAl feseh S
t he t est resul t

nver 9i to ernined error,
POST tcfagea %rg Ctg‘beed%ﬁ'“ée s i 9f JoR| B gvehicle,
ws]s:e@ el $0- g=ld edrMaPct udd t Heat geits dai@ece,st |t agsatsi Ngh

the ggem%d Pé!fé’f% £64 COPDALI SR ghtsehe reference .

target data. Since the sane owi Vel c1es
1® aFehg Wfcswtheol W%tﬁ@ﬂlr@m’@all gnfidegnres. For

caleipial e die-d el grence bRy geled r@skcaﬁ&gr &dtS o-deety

to.ta e account of the environnmental influences. For

SCHPHEEOREr e1Ts FREE neP nEdd ™ H3EEr r it CiPFB&EN orthe
e feudtat icfs 4 n ondeent o €Lbwi nake, drer examie, t Rgnildh

a rgent flowont
1{Ileluences tﬁ:gq?raclf(a 5si PPEh 18%?er(§1e§35m6§}egheby the
onthoard aan brornRIss na&vga@tomsyss/tsemm asad nithéheasmse

fr knowm test meiheds. 20 Furthernore, it is possible,
if the details of the position values of the target

are subject to disturbances, for exanple as a result

clurdihstriiobancest iist hogsadie,|l i DK helvegr ke st aggetihe

and ttq%nvehl ci eés

of the target are subject to
disturbances, for example as a result of disturbances
in the radio link between the target and the vehicle,
to store all of the measured direction angles and
actual target data derived from them, and to carry out
further test runs. The stored target data can be read
in again at any time, thus completing the interrupted

acceptance run.

The test method according to the invention also offers
the advantage that the convergence of the target data
estimated using the TMA method with the predetermined

error tolerance can be assessed on-line.

Expedient embodiments of the method according to the
invention, as well as advantageous developments and
refinements of the invention, are specified in the

further claims.
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to store all of the measured direction angles and 25
actual target data derived fromthem and to carry out
further test runs. The stored target data can be read
in again at any tine, thus conpleting the interrupted
aoceposrmio2oan. 30 The test gret hod accor gdengetgvosN@o4a476
invention also offers the advantage that the

mvelrrgﬂﬂmcg{ &Dﬁltﬁég@xﬂ%tﬁledesiﬂ nmabed dekng;t fi%bTﬂ‘ﬂ%
error tol erance can

wth red
§§§g§@gﬁgbn F?ﬁ%p peHFgﬁFe@ﬁﬁodﬁﬁﬁntQHSf t§reemplary
mmth@dnammordwhgcho:mhellﬂnﬁemate?. as weld dﬁaw1ng In
ntageous, dev t n re nents of

?%%ghtlon a}ggsﬁggggﬁg %h% gh he?e%?ﬁ%ﬂslnwﬁ sea
TPEELT1 928D 2 @OVlPGTNEPZOOS/604m¢6a Theingveatgen @il l
be explained in nore detail in the followng text with
reference to one exenpl ary enbodi ment, which is

ITeusEPdd® in afe ety ragel s AFEM 1t Y dremsin Pt

sm\wl aBooAd sEenaldd ifRom seaeS traqg;@ﬁ v thsa adingeq .

ehicle F and a ving target Z. g vehlgle F has a
R SE P ¥eei V1P by SEBRE 6y Hears BFCwithdsbghEine the
emictited cer direle ibar gt the saweckiacedhe Dirreeitgied angle

i:gnal S u er the_10._inci den
3F?£Et¥o6&&$§tEgggg%%dgggg%%ggg%rec]ﬁgh gﬁr tlff\f‘ifh""lct(?1
respeet tdﬂrhet@éogr%ﬁﬁgei{uarEhEdlr@ﬂnaqﬂﬁonm tAngle is

vesReainka bhe shatgskivingediieetban angke t$ |
detern1ned at succ ssive measurenment tines ti (i d

£, -2 .2) 5Pt Hhigh chhehaebhdRilel & FPagenRes fPér example
emrrmh:eck5 plolse tibaek oposiit It@n%SO,onah.ttsO Al Mrdds QWrve

rack (.Gur on the basi [ eed .of, notion
%%dgﬁ%éﬁ%o§¥§gjg é@ }%SCEF%uﬁande 1PhHe 2VehildiTe dRrrse.
ﬁﬁtegﬁateGalﬁa&Egadlodnusingegynaﬁuaﬁ&s foy mmnﬂﬁgnuted

PBISHLeRBRAL usit SEcd 9l f BV EQEEEXOHE%EH&QE%%

and pOSSIb| 0 acceleratlon and inclination
fredRRfent © ‘a%vﬁ@és VeRReltibt RORS U ESTeRE apRg., athEtﬁelblyf

bicrelbeawibh tdrel neasligaenbn Gfeddif-dndrt @EGEELEON The
%@%h%dt egyaéégfk g% Eﬁg time ty with the measurement
of the first direction angle to the target Z. The
vehicle F has assumed the position 0 at the measurement
time to. The vehicle F carries out a maneuver at the

measurement times t; and t,.

At the measurement time t,, the target Z is located at
the position 0 and its direction is found by the
vehicle F, which is located at its initial position o0,
to be at the direction angle 0°, in the northerly
direction. The target Z travels at a constant target
velocity and on a constant target track, starting from
its initial position 0, on a target track d and assumes
for example the respective target positions d1, d2, d3s,
d4 ... at the times t;, where i =1, 2, 3, 4, ., at
which its direction is found by the vehicle F.

The method for passively determining the target data of
the target Z, specifically the actual target data:
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vehicle F has assuned the position 0 at the neasurenent
time to. The vehicle F carries out a maneuver at the
25 neasurenent tinmes tj and t2. At the neasurenent tine
to, the target Zis located at the position O and its
wh reosynn92®l f ound by the- yehicle F, wiahebsodDaaaads
at its initial position O, 30 to be at the direction

e 0Qirddihe, n@if@@ilyangéfeﬁéfgét g@glﬁﬁéﬂett;rget

travel s at .a constant tar et vel OCIt and
TIHST ant 20dr gdPTEe4ck, Y %‘H‘}}ﬁg fF%ﬁ?rFﬁé i ﬁPtl aln the
pokidviong O,teoqt aatar gré tTMEK CarfEtaSsbresn fOhalysis)

Sl e LhEgseRect! YBAarast posLLons. e, 2083,
9% stiér srerbnposiftdong Bl tthe aéhgcﬁl ehle. VETe alet hodf fom
B Shy ek deher il onthie tanoet. daha alosddic LAl 0et &

specitically the actual target data:
ROFEFH P2 0BBA 004U FBh t fhget adiddédiaron, oft arget eangeated

FAIgeLe POSit | Afhe t @G8ler COUr Seaand1barget auel 96k i ¥ared
follow ng text as the TMA (target

eferred to in_the
C#dfe?co i Yhal FSEF- rre?ﬁ%ﬂuégg‘?rmt"@st}h PGSR one%‘Fl‘FWéed
dawigetory faf edeoh Scafgdthe 1racko posmél om]c@éttgzas rp}flhe
e om the direction. an sured at _t
rlgtgfpe%}}%e tkf%g‘i eq})os S oG T W t h%“ﬁ nE%%. t?%%l%?t%%
Egig it anelesi iy dfharhereduged Zfecatdwkdyvesisnl an

eeﬂdﬁatleiﬁltd'{@ﬂdrﬂ'ér@wte @ﬁéocéﬁﬁgaﬁ’@& hﬁBE@Elon on
$st|mated position of the target Z, tot t ar get

h ot 4% ewa,ﬂ%sla%?m Phetheasired &ﬁdﬂtthewesttam ets

editurtﬁ:@td onaéng|th& I saddien reﬂé)ﬁ@éltl tebatityehy Unddd afhe
s _under.shot nated position on

SHiHandd bt e Rt Al B R R PO8) il edh e
t]lBe eacnttttaeld tesrddie extamlt it a:‘trgiattlp@sad:tmml e d thet rack.
@sid n%egegggeeat xcvags§gvfét§; da{x%hpégiél 5 gm *ttoedasa

the act ual target actu tar et rac
Che sveki¢epeht 88 PBiAcBver ;dntrres;@@ogvomgl@ te we asarget

tdhemyehi€d®. Friaé vhi-gbracdhrRCLLRA1ABA! &yt dhes tH gete

TMA method results in the curve b with the target

positions bl to b4. A comprehensive description of the
TMA method can be found, for example, in
DE 101 29 726 Al.

In order to check the validity of the TMA method, the
vehicle F which is equipped with the direction-finding
system for the TMA method, for example a submarine
which is moving in the semi-submerged state for the
SAT, and the surface wvehicle which is used as the
target, for example a surface vessel, are each equipped
with a GPS receiver or with a more accurate DGPS
receiver for the satellite-based navigation system. The
vehicle F and the target Z are linked to one another by
radio. At the start of the test method, the positions
of the wvehicle F and of the target Z are determined
with high precision by means of the GPS receivers, to
be precise always at those times t; at which target

directions are measured from the vehicle F using the
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20 is nmeasured. The target track obtai ned by neans of
the TMA nethod results in the curve b with the target
positions bl to b4. A conprehensive description of the
TMA net hod can be found, for exanple, in DE 101 29 726
WO 2005 /0a9@8%ter to check the validity ofpdt/eErEbBs/004476
nmet hod, the vehicle F which is equipped with the

dnrboar@n sbhadi rtgecesy\si@jn forsddie, TMharetded, dfigkction
e anp anI‘I n% i.S novi

n%r ge&sgtegt e tfoorn?]?]tél A F?gaﬁHaegheTQSr gbdcle
Dehnti@nﬂhDChCﬂs'UsedSameBBaredangenxgfbmeexaﬂptecglver
suplace Messele preceach oguipped, W L, 8-S f eGRiusE,
or wt nore accurate recelrver or he
§9@@F«th ‘é%&@é@hnamogaitm@ﬁe@sta@msw NehtkeecBraadc,
aag 'i:ﬁ&g@:taréér &b kashd 00 onala%t hes Q¥t§§miﬁga0u51hg

e start teSt met hod ZJ(;)OSI tions
9 fi &F€ Fr%?l%ll%‘?rt Hé t%ﬁegettaZgﬁFe e¥%?’ﬁ3r*ﬁedn V\W% RIrgE
paegeési bnaby, neabat e tbee@%r eﬁarm&hatebg aBespbRE] §9

way s at _those t at | C t ar get I r tIOI’]S
gjpe neasur ed%f r otr#htehe t\fl H e RO hed o af
2e0ernieed1 by 7theP@QFEP2606L0644 76n dtmeboaarigsbnﬂ are
E?&ﬁéﬁ{i@@eéy%ﬁﬁ”&aéﬂg 1P GhLeatdin ANGL sl Bpeouee
respect to no are neasure e vehicle posSI IOI’]S
@lr%$t%%ncsnﬁ%§swﬂéa FSiSRg cthd GP®Fide edn@r theesbbplithe

I:’élﬁ%%r Llﬁeﬂvg@éirkt afhd hﬁ}e‘%%tfb'l%' eFFt %ﬁﬁe' ‘érhee5cﬂﬁlg§}]tgd 7t Oare
00 na as shown e curv
S S ERa EPanERs, Yot B it b i Y OF ndtapee
dbcé®veeach bhethargehidleepakitianshe, t enetot argéturve
d h,
facgy &g#agg e&gmﬁfét §QOEQEQ§E§SSFQWSS 8 8e¥8?21§38

curve rons
Bireglel appgtei e@n@ nthﬁ eceirybet@daterget ansnijet Bdfby

Eﬁglﬂlﬁ@ Ebe #@hWEi@hthgh@eﬁpépéufewag'5€0Eh9n 889t €on

tz res t) to nort and the absolute range between
?ﬁe GBRYEI €' F ATF tHe t brERtt z2aMes & cutateest btor hés
(anges Positions 0, dl to d5 (curve

The calculated absolute direction angles and absolute

target ranges are linked to the track positions 0, al
to a5 (curve a) measured by the vehicle F by means of
integrated navigation, that is to say in each case the
value pairs calculated at the times t; (i = 0...5)
comprising the direction angle and the target range are
associated with those track positions 0, al to a5 of
the vehicle F which the vehicle F had assumed at the
times ty to ts on the basis of the result of the
integrated navigation. This is illustrated in the
drawing for the time t, at which the track position a4
of the vehicle F (curve a) had been indicated by the
integrated navigation, by plotting the value pair B and
E at a4. A smoothed reference target track is
estimated, for example by the use of a Kalman filter,
using all of these value pairs and using the track
positions of the vehicle F, determined by its own

integrated navigation, associated with these wvalue
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15 d) for each of the vehicle positions 0, cl to c5

(curve c). By way of exanple, the drawi ng shows the

calculated direction angle P and the cal cul ated target
range E for the time t4, at which the vehicle F was at
WhR09SLALPRH. c4 (curve c) 8 and the tarzzt/EB2005/ 04476
the position d4 20 (curve d). The cal cul ated absol ute
phiect con Engl esrandtabsioldd e RépEgehct ARGATIR! efdt NkBd

k 0 t ed
Lot PR, B s gt Brens Sl egr Pyl BREEGRO™
fh@fe#’%ﬂ@@ sayden e@@ﬁltmsres)thetavaleue paigs dakcerahed
#@@ tkﬁﬁﬁegb ('ta et éélo&ﬁgpr'§£éﬁg£9§cﬁ'r€8£g89

and t he target range are soci at
Yﬁ% %fklfaé%.t.a@ﬁs/oe‘ dF3¥IFPS 6PUrERe vEMRESRETCSHNI ERTERAE

yehisd e frbadeassddetdran the 3@fét8ﬁ§etQaEQeEStQQcthAS
baS|ﬁlof th% result of thew_%1 (gg:fated navigatiaqon. This

1% M FEF i h™t e SHFR P tPnd % SFawhRehn
tHnBstrasxkltps)smloheaﬁefef:enhe vehget epbsftuone a) badto

en.i d e VI t| n
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@eﬁ@ﬂéﬁé{éerl@ﬁge:tf t Eaek Silsﬂpléitlleldatle@r&f%ﬂmea(@m,e bese

hdecsenOf a @c @l g é$t§6s1t9§ﬁ§goalEloéotB@SQcM Heb
CE%I rs and using the Trac positions of the vehic F,

Y BPIREs bR T efiphbed- ndVisperancies which

aﬁsaccb:aﬁaemw e £ 1S ea el 1gh AN 2 QG5 /£l 28awirdy -

PCT/ EP2005/ 004476 pairs at the correct tines.

Ref erence values for the direction (reference

i r eztderns)to t arfgmtk pogidthen @hefelaerwelt atgetet data

Dosi i ons) us&agge_lher ange ﬁqe‘eﬁsae re%ei yk;@ngsg}racy

target velocity (reference targe ocCl ari
I GereeRir3e thetefende t%wge%pe@:ﬂoﬁme&yra@é detpyedces

if@matdhﬁefv%fder goeert af ggtreic@ekmiAsd Iﬁumliﬂﬂtrﬁteed {Re
?‘%? a:'i ESIESFgé{ Tﬁo?’f‘%g%ﬁger " ngngot QFZ é@ggnt%%&donls
tdrepaetdrentk thegeioﬁrr@ortdln@nd:em%a cansenuence,
é’zgdt@ﬁeSirﬁg&ﬂi@Lﬁ% rc?f)r%sﬁ%mc?fg&répaweis in each case
assessed. For this purpose, by way of example, the
differences between the actual direction angles and the
reference direction angles on the one hand and the
differences between the actual target ranges and the
reference target ranges on the other hand are formed,
and the time convergence of the differences is
assessed. If the differences tend to zero after a
predetermined time, or they reach a predetermined error
tolerance, then the method to be tested has been
validated. As shown in the drawing, the target data is
recorded correctly despite the current flow on the
track of the vehicle F (curve a) itself as measured by
the vehicle in the water with respect to the true track
of the vehicle F (curve c) itself on land measured by
the GPS receiver, since the target is subject to a
current flow in the same way. There is therefore no
need to use computation methods to eliminate

environmental influences, in the example a current flow
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mat ch the actual target positions O, bl to b4 (curve b)
determ ned using the TMA net hod. D screpanci es which
are nornmally present are ignored in the drawing. 15 In
order to check whether the actual target data

ot RS A 9291Lng t he TKA net lpod sati sfi esptheErmoosr/acys7e
requi renents, that is to say specific error tol erances

arne ki eved abtgion, presket ebmra@@ ftlélst:[hél 5, the Tva
tar g%hag %laq nmeasur ed u5| E get hod %s 20
%‘E‘gldéds\?nt Corr é§pBRAFHG rEPe BR¥etPEFgBL T a5F a,
and t he magni tude of the discrepancy is in each case

3%Se§§eglsgo c;gglsbl@rggs sebyaw@é o exr%‘g)alleleé 8 thhe
and t

fferences between the actual dlrec i on angles
veharcdfceF di Fectdsiieamigies the t hergne ha@alan@lnt hef 25:he

dizfberensesy betweanthe agtuaht araat rﬁéﬂ%é apglh the

refere ce target ranges on the other are
% i HRVERAvERGEREe Df 1§ h@eaﬁfliréfierwestlp% radar at

a&&essecﬁesl f £t heati f\fll@:[@‘fﬂcaﬂ'lé enekH - 1zer CE afde®fpedtively
edeterrp edct t he eac a _predeterm ned error

§5S tol er ance, then ?(ﬁ%lth%? héﬂt e ¥ haE Fegyn on

vaki datete As ﬂimmradarh@r@damesg diterctiangebndata iand
t e h f
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351@fert heneehicdte ch(t%veegﬂ pteebhuea hand neasiHgded
the GPS recejver nce the target is subject to a

@}éro?f@ ﬁjrrhcﬁﬁjeesa SW&FIAFh&t 9 sTelReT ef br @9FF1ble
ltLeedrEOomée aonpafatéente metdwogst t cc@ltdd natrel reference
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the ceifd=se diowdreet esthitet hedetehicag ddiejetSATatdhes not
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A further option for target measurement of the SAT in
order to obtain reference target data is for the target
to tow a so-called sonar fish. The sonar fish contains
a pulsed sound source which transmits sound pulses at a
fixed transmission clock rate, and these are received
by the sonar system installed on the vehicle F. The
times of direction measurements from the wvehicle and
the transmission times of the pulsed sound source in
the sonar fish are synchronized to one another. The
direction angle to the sonar fish is calculated from
the incidence angle of the received sound pulses, and
the range between the vehicle F and the sonar fish is
calculated from the delay time of the sound pulses. If
the tow length of the sonar fish is known, associated
target direction and target range can be calculated
from these wvalues. Using the same procedure as that

described above, a smoothed reference target track is
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the times tj at which the vehicle F respectively
assunes the track position O and al to a5 as shown on
10 the curve a. The radar produces direction angles and
target ranges, fromwhich a reference target track is

vncosgaip2est i mat ed, for- exgnpl e by nmeawser@b280Kal BT 6
filter. The rest of the test procedure is as described

aboyRatéd PuBAGEP! @het he-Jadal ahSR-ABKESs | t 2RQSSIERLGer
15 to record a reference target course and reference

Farget vardereyd Fhders Thedat 4 th fREIved from
chisesponti hg acdtmedrédr gattdat Re esddrmigsbiyi dde atMAal

?g£€8?.d§%gc§ &@e ﬂgffﬁﬁnce tqéget course and reference
arget ve OCI% are measure latively inaccurately by
20 the radar, homever this reference target data is
194 suHSRE £ oéftgﬁé' 99r§@§ E%gghgogf éaggg gﬁ[i Ebﬁgr
for target measurement” o SAT in er to o tarn
FEtler erite Wset'hgat aths fBPSHHECR aMfASULENGIY t $W athe
ts@r@@ttl ethsorae fishicThe songyiny shheontsd ns-a pWlssedn
q%g sourge whi ch tran n1ts sound pul ses at .a fixed
PTARLSTS i O™ cFOCRPRS! o Aok df'e PegLtiens b BFRPRE
senarasysietednsbakthed vehitdie whetaude The rhipeslehk
on_pgas ts om ehicle and 30 t he
?%%ﬁ§%$53|%§ EE%gEE g‘pﬁ%%e %Sou%g sour cg" ﬁ Sthet©
@bﬁ%¥r$¢%%e%re synchronlzed to one anot her. The
direction angle to the sonar fish is calculated from
the i ncidence angle of the received sound pul ses, and
the range between the vehicle F and the sonar fish is
35 calculated fromthe delay tinme of the sound pul ses.
If the tow length of the sonar fish is known,
associated target direction and target range can be
calculated fromthese values. Using the sane procedure
as that described above, a snoothed reference target
track is WO 2005/119291 - 10 - PCT/ EP2005/ 004476
estimated using the target directions and target
ranges, and said reference target data is derived from
this, and is conpared with the correspondi ng actua
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target data fromthe TMA nethod. 5 Measurenent of the
target by neans of radar and a sonar fish is used when
the position neasurenment by the target and the vehicle
F using the GPS results in problens, for exanple when
vhe2qtn/3ap2pbsi ti ons cannot110- be transnpat/Ed20051 60476
vehicl e F because the radio link between the target
and vehicle F is subject to disturbances. WO

2005/ 119291 PCT/EE%%%%%%@éﬁigpgﬁgLAS ELEKTRONI K GrbH

Bremen 5 PATENT H8PHod for a method
for passively obtaining BRmengst data about a noving
target which is enmitting wave energy, in particular
sound, by neans of which 10 direction angles are
measured as actual taP§eENdgafaraMS successive track
positions of a vehicle, in particular of a water
vehicle, which determnes its track positions using an
bn- bor HeSht BRbABYs TRAVRAgHEFBRY $§&t BRESINShr PPEaLaR nT
aarget eglaatedabavt gat | BveNst etBrddt byhfichding thetting
di.rection of thre1 target tiy means gf an on- boar d- ba edh
BV ection-Fimdi Ry BSUSH3A t ROPRE tRF gBFPEndE  tR&C
dargetioe| soglys elre tmeegeirecowsseactamdl oratdet t daget at
BoskLLonse bekagkdelannued Iom thin; oo fUh! Bercackial
target data, characterized in_that, 20 at the'tinmes at
ARi cR t HERYRT ectPBRS1 o t WEiCHr gedet@taningst er hiPed tER6Hh

bbeivebhs!l eustihg pesi tionso®drd heaut ahe@buandn¥ehzekeon
ar e, neasur ed usi.ng.a | and-based an%/ or satellite-based
BEF Ton Pl At HadSur Beth tCEbRt e TERLOat F it SERCSM,

anglfésdand trdvegetiremges avf Pbecakeukat édr fuemd hef an
B0shbLoRsy ol 4 he iehigl.eand target  peasyred fnLhis,
way and in each case associ ate th " one anoﬁher, in

tangeh preEderabtye sisdusdd Yeterlice ther geardstackougse
gab) 8Bt edef Hamghe prliue PR NSe Big t8€ermined from this
as further actual target data, characterized in that,
at the times at which the directions to the target are
determined from the +vehicle, the positions of the
target and vehicle are measured using a land-based
and/or satellite-based @position-finding measurement
system, the direction angles and target ranges are
calculated from the positions of the vehicle and target
measured in this way and in each case associated with
one another, in that a preferably smoothed reference
target track is estimated from the value pairs of the
mutually associated, calculated direction angles and
target ranges and the track pogitions which are
associated with these value pairs at the correct time
and are determined using the navigation system of the
vehicle, and in that reference direction angles,
reference target positions, reference target ranges, a
reference target velocity and/or a reference target
course are/is derived from the reference target track
and are/is compared with the corresponding actual
target data, and the magnitude of the discrepancy is

assessed.



10

nmut ual |y associ ated, cal cul ated direction angles and 30
target ranges and the track positions which are
associated with these value pairs at the correct tine
and are determ ned using the navigation system of the
WReRi08FE11%H i n that referédice directioﬁcéﬁﬁ?%%95/°°4475
reference target positions, reference target ranges, a
35 reference target velocity and/or a reference target

goursgarel/igsderiyed,dgomthe refergase tanget cipagks,
and are/is conpared wth the cqrrespond|€€$actual

ehagttetzed by FRECmadsi MIRER GG i SieF efaREyEPENCY
2558556885802 062401929 e 1 £f USHIPP2005/0P44E6esBing
The test nmethod as clained in claim1, characterized
e tHHES t R At Uftle of the discrepancy is assessed
by formng the difference and by assessing 5 its tine
onv enc . .The test t cl.ai L | apm |
%‘r Z?f@%hat?%sé‘?err?gzkgléxfn at%gt&%%gggiosil?ll gﬁgagﬁ' tghebg] 2
tlaa gt emiized ehicltdagr echreaBar 6 oB$ ngfa thRS Facgstyepnd

\zﬁz&f&és abQ i pshaliled ansihe taraes ande&i &S ReGehvels
which Is_installed on the vehicle, for the , ,

5a¢'er 2@ BRsee p6&rPrsn-3 A dPn P readBFER¥RT Lt is
angciheedarget tpesi vénnslare foansphet edatelihee-based

Eggigigﬁ-P{Eéfﬁﬁﬂﬂﬂéééhréégﬁél system, and the target
positions are transmitted to the vehicle, preferably by

radio.



