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ATLAS ELEKTRONI K GrbH Brenmen, TEST METHOD FOR A METHOD
FOR PASSI VELY OBTAI NI NG TARGET 5 PARAVETERS The
invention relates to a test nmethod for a nethod for
PaSEEhyopdt ai ni ng target data about a FIOVERYO LB/ AQPALT6
which is emtting wave energy, in particular sound, by
10 neans of whi chaULABCELBRTROFLESGAbBE nMeasured as

actual target data at s ;&&%ﬁ{ve track positions of a
vehicle, in particular of a water vehicle, which

determnes its track positions using an on-board

HEQNREREH Dn@&hgﬁtMeeHoﬁyﬁbﬁnb%ggégégkigﬁ%ﬁngﬁG TARGET

integrated navigation %ysten1 i ndi ng the
direction of the targetPBAMEEHS of an on-board- based
direction-finding system with the target range, the

t ar get velocit¥, the target course _andlor the tar e%
BBs i LPBATboPRg T HEEEFfi hedS! FERTL RESRORs Phr EhBF tReRuGPT
pafgevemgtamtaanﬁngORﬁﬁﬁxﬁo det er piboatt e positgonarghe
velocity and _.t.he course of a target or exanpl e qf
@ﬁ??gcég vEE$E MY 5 [ Biard e %@ ?ralf%f%%gg?ugg’ By
seaval béd whtiahgeti mhatta dir cmal asehict epefonredampl @ecgual
§39§F;'89t9r ESSacéagEng yessel powitheHt bevealiRgcie,
Its , In_the case of a nethod which I's known as a
Tvareraiget agptifort Ry sYe) 1abe hotni ek B&ESFVentar géf
gabaxdeber iiiBaki ABingDEN10h -2H3 rA26 uhlohoseuRd neiigA tiSn
emtted fromthe target is recelveg b¥ a_sonar
8Y PEETY o XY iR g ¢ 3BSSAHCERS AFVeERtoR™afyiSE Mo
bhe fiaddely ithared@ste@dion Sbar theg Hfammatarby nh¢amas of an
sitiLon, Sit] . 1 . target | i mat ro
Eﬁi%gafge% F%ﬁ aﬁ%ﬁ%z 563?%%?&9ﬂ%fh Fﬁsggﬁéck‘ggggtigﬁe
obrghe vehiad e bhet Hengshi cvelscibin (dsi t FaRgeWw deurse

thkgopositd opabetngpbhat i WA G itRE determined from this

as further actual target data.

In order to determine the position, the wvelocity 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 1s measured.
Starting from an initial position, a position of the
target is estimated from this direction angle together
with the track position of the wvehicle 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 1is reduced iteratively until an error
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velocity wll assune after a time interval, and an3 1 JU\_ 200?

associated estinmated direction angle is calcul ated.
The digqrence bet ween the neasured direction angle
a2t/ B rated directiorf angle is relGEAEF20057004476
iiteratively until an error 3 1 JUL 2007 WO 2005/119291
Ligmit pEF/ BeesEooR476~ Mt tiS stendeérEhot the hatstFnated

$A¥edtN@nesdidiBd edordbbeehiian N0t e CREReSRPRRIS {04
nmeasured directio angl e, except far the error

FO%FancEXCFRE basitc i FEY pdSHSTERGSs i deift i fRastc
asttietledr gepoSipobsnt i drs Theegsifpatied gsangento therget
rget., the,target. elpcity and the target cqurse are
%%S%Silatnédeffhreom ftﬁLéna\éﬁd?é:catr%/ §n Endl'E eﬁ?&g%%e ?Cg}egettarget
pesiadidly. affte tiehi cheyst owmnrpesiteors land atedckirom the

it term pgd | K ner. f
S Boa & Sk oraausF ot AxBes | BRUR cTRANT I TBEAR O
e oforsh R e§rackd ParHigRs o sydebRTmbyefedms @

Anodi Chndrheedi negt i gRaRt  bravelh and, 1@ stancShomous
travel ed are determ ned bﬁgm%asurl ng the velocity of

R i e . SYTHE Vel BRFTS det ¥ hedt bl it etted
lreg;idaarn onhi chstave epemgyniss s whadisnthéedlirection of
i.rectionally and is_ received ppl er- shifted, .after
R T BRton e APHRTer ORRE TR THec A by
tregmsmiisg diaredd b itTtheoDoppkerveshicfie .i £ha nedsuriey ofs

eI E Ve p g r I C r 1t
?ﬁﬁﬁ@%&gsyb%%hggggllﬁgf I%ggpe\ﬁfo“rﬁ{tg e lﬁ%%getaet?e , in®°

tHENSHEE t6F t A repsitomitivacRnd ahtl fFORFivRd er Denryer-
ighithe Case tefr the amtien tdmake drdbde oxase nfydhe in

" wat t k", the int d i_gatign ses the flo

S e ARSI e g T pROICS  Uoéndent (herire

posi tilons whlehiay e sDbpptert olbbew amd 2&tare vehicles
dfgtied by flowdata framflow atl pePPacily gnrfﬁcgm te

etermne the vehicle's own true position
meEdfced tRradkepositfort Atke- dartegmsATrqdes and from

afeept angetLstdn | she€arhk8do@UENEN "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 wvehicle'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 wvalidation 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 sopnar direction-finding system Wen using the TMA
W@tg%ék/%¥fﬁgit ranges and tar get veIocitﬁFT%%ﬁ%ﬂ@§/984475
course and target position are estimted as target data
fromthe north-related direction angl es obtained from

trhe didwesidons thaba/el fewndneWhishdar get _sg@t:af?%tg a
reach specific error tolerancgs fog val i dation affer "a
5FECi FIRE TGh -Gl ™ 39 SEEC 26677 WD 5005PTT0sY1 Teaps

o PGl £R2005£0 0k el I itwendt or iBebiased for thissively
' .of. _specifyi.ng t est thod_whi ch can be. used
PR R A A A hadne %5 TR cRCEPER SRedpPua Yy e
aredeled livoonpddsievel y 5 determ ning target data can be

determ ned quickly and preferably on-line. According
to the invention, the object is achieved by the
Pegoiréadoft | Bitth 1nVeDtTre . metfodPRicedt di-Ag achieNed by
irmee Feiz@maas oirhe1adwant age that the validity of the
nethod to be tested can be assessed even during the
test run at sea and, if the results are inadequate,

Care e tfhald ewetdoi rone orchorienvEngiepeatad @3tes advantage

[ di I that _the, SAT i.s restricted in tinme.
%ﬁgg rgﬁﬁl¥glﬁﬁl§ géﬁéi gFagﬁgﬁ%ggtt%aé%hgte%§%%eC39e?V3
dapensiech ¢ven equiried ahesemesii t huone'ts svin avésself ftare

the AL asd henyehiel & tocyhi gb the1dinepti apfipding
systemis fitted and with one or nore 20 target ships

rS§Pgedo GeRttEd WM A tEH Yoo 10 tiPtre HhgndiAhdsed st ricted
sat etimée- msed pesulton-fi ndi nbriEas- LRt co8Y Sty
one' s ogﬂiveseglvggﬁ%ge surf ace ggd target . ship which

i"s T USed as Ya et € Targdt FGddte £ SR ! (el PWR
pesiseilon feal ueheof INTYh aaccurtecy ,vdlriarme?25 twhi ahhiidh | S$he
msr%i&li%nt—%i(fﬁli%lél %ty%t\é%\r Bﬁseﬁ%tteﬁbsaqlxldﬂ\ﬁth one or more
target ships 1is 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 wused as a reference target produces
earth-related position wvalues of high accuracy, from
which it is possible to calculate very exact absolute
values for the direction angle and target range. These
absolute wvalues 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 vehicle 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 is 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
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absol ute values of the direction angle and target 3
range, which have been determ ned at the sanme tines as
the directions found by the direction-finding system 30
G 2P P/ W& fet hod, are assdciated with PRE/ERR{E/004476
positions which the vehicle has determ ned using the
Gritssdr FAUSEhowoRst hadbgarveen fopst émeatraferdarigrestarget

Wk they Are8Gld Qs fi ) T,
track positi oeﬁg and t%%fida!ﬁlg}g)agﬁ %ﬁf%%%%dggﬁv??%c%‘g&
RS edG58d PBERANRYI atBiR%r gdte pddP | BRENOAL ond fhi ke

&l ismeithedyr efleanerce diay geifdratie masd MHEdHOractual
exe}1 eIse i%y neans of Kal man fil rs. Rrsf rence direction
es

ang (eI ecd's arget Postti ol et érenfte tHigetest
rnEwes, i@ peference tHrigetprvelaabiney rariddorita pefeience-o
| - A - 005/ 004476 .
PSR o £ SPAME et e TSI R P rer aie o g
tthec KM duelregd sbrofprred wiorparheopomigspond re betarate
tragele data ohbiiajned Hisidgnd he-JHYA getdad. o ljémtzr%]h@ehicl?,

di_screpancy between the reference val ues_an e actua

S\ Ue IS o gi NG t S iRedeitter HYRE error ugare  to
teesicul@suldhd srppstdnye. t Ihist progedyur endrkes gl tho need

ossible to assess_the so-called actual .t et data

Sot | HaFed “OSORET the THR nBtROEO Yo bet "CORBRFFSon FOT
Wixametliee rtéf@een;';e thasgeto dated Sbncerthe samedirackion
Qfa 100853 1 QW V?rg' %'C o103l %ﬁgm\ﬁlﬁ'a?% the, T Mé\x%yigd ' h

used, Is used al cul ate the reference target trac
tHe€b s Ho reedu¥Bekefdetourt ofthehe werividlennenttalch

ifduences. Role exaapke, pbBerechs thdschRAinedd &) the
carry out direction calculations in order to

S MNECe, 2o EXANDI BEVEHBT A8 e FYECETof 3 ctfr ERE TFRE
arf tdewehiecize mewhiodls . | nf | uences the track positions
determ ned by the on-board autononous navi gation
system as in the case of known test nethods. 20
Fymthermore, i Lti sipossidsiidle, f the et aidesadflst hef the

position  values 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 rumn.

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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di sturbances, for exanple as a result of disturbances
in the radio Iink between the target and the vehicle,
to store all of the measured direction angles and 25
Hot a9P°545°FéL data derived f¥om them an&CEAER05Y 004476
further test runs. The stored target data can be read
iTeagaivendticanywil hebet ko ledmeidetimgmohe idlatalifluﬁtned:he

aeaaptanee rudxe 30 wEhe, testrapLhod a%ﬁfdbﬁg 3081 ary

i nvention al so offers the advantage at t
Sigemte ofRifR ti gétllﬁﬁttéatéétlmt édieusilngwihe - TNE

wetiRod-amdd h EH@ predehgr e LI Tt OLEHAPEE GAN Peseq
35 Expedient. emhodi nents of the

d .
REBCE HAED o RGViDSk REPIFoRt FOR, SaBoNere heroet 2.

advant ageous devel opnents and refl nenments of the

hvent i an,, ar ecifjed in the_ .further claims.

T T 0058 g5 " RS b0 e of
Wit | oAUnl| |etiel teodh| dineed thendrarglst aid ia tieceived.
Eﬁ&%@@l@% ¥ ngﬂtEmE%E%EQ %e i9 gggdeﬁﬁyphgkgrmlpe the

enbodi nent, isillustrated in the draw
fhics IERSE, dtllaf@C&ﬂé% RG SHGWS ANSAP §é’@1&ﬂl’cﬁqtﬁt® sew s

heghon-ddpdcd FBVi e Velicghaphianth&-dWViRgetah88t Zyitch
The vehicle F h?% a sonar receéw ng system by neans of
S CSound enitt'fed F3097t he LAPgetdE G IWei gBELe  is

.ert@CfleledSIagn&ILleEBG&Sf@i m@aisam&edtt eidekerm (e £ he 110
| nci dengg d'arte%ﬂ Jh o{héh%eﬁﬁurid gggurgl%%egtl on an
th i

vvlth respect to th geogr aphi c nor ire - Wit
taspéer Ploﬁéttléﬂﬂ@eto Fie tdi reéctdron tangive itsrack (curve

@@t%ﬁmﬂngEﬁs§¥Q9§S§t¥esBE@§UE§”%BE15H“§ﬁé dd co&%se
t which the vehicle assunes ]T

é‘)?arrpjr% 1@621%%@9:5& PO t ithfs O"e}h]lcjt% abYon %ft%eWEd
hraazalga(tdumve;smg @yi@@c@@éé,sf@f: ldh&eS:FﬁQ@ﬂl Qxﬁearmlﬂé?ﬁént

sjtcou S&: £.as veslcgcalg at ed b% t g vehi cl e 31

i nt egr RAvi-Gat i'On Ust'ng §yroeEoper 1‘8‘rn i ATy
measdesmenn and inclination measurement devices. The
method test starts at the time t, 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 wvehicle F carries out a maneuver at the

measurement times t; and t,.

At the measurement time ty, 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 0,
to be at the direction angle 0°, in the northerly
direction. The target 2 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 dil, d2, d3,
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 2Z, specifically the actual target data:
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20 accel eration and inclination neasur ement devi ces.
The nmethod test starts at the tine to with the

neasurenent of the first direction angle to the target
P Ae/NéRPti e F has assuméd the positi BETAFPRO0BKR04476
measurenment tinme to. The vehicle F carries out a

rargavefllaecthen, 25aggasuremest thamestt pomid ip2., Atrrdes

AeagHEemBRMa ti fBrdds the1barget Zfesfelr‘}_%%t e%’ﬂ ﬁhhethe
EOfé\ﬁlonOandlts direction i s found by the I cl

VERTi sEFdkat® &S t SMPni (Fargpbsitqatoipm, aB@ltY@l@é
atthbe, desediiaersangl o0 ibh bhe tml@rtthﬁfg}ét gi £eet ie@Rn

The et travel s at a_ constant vel omty and
o? & consrtaaC%i R Yet Ot atk, ggtﬁ‘%t C?#g rﬁ’e?%% Fnft ifaem
pbsi tdigredd,ian angaegateatmamd da’anctkassnﬁ@ﬁec{fi)ﬁe track
EXBIPA 8y | NEALLSPEAlIVEe bl 0edapepl 4] 0NSr Ul pd2e f3n 304

t1mes
WALeRLFYs @fr eBh¢ ont3 X3¢ Ul byCEt]l’FEJJ\ﬁéfIﬂS:I @rF. eEigmated

aetbedi bAr passivel y deleimRing &B@hta”ﬂﬁﬁzda%%tqgﬁtfd

theta et eC|f|caII t he actual target data:
UEJ% 9\% 2683/ 1&9?9%*— &/ - PeT/ EP2O05ADORLT76Zt-ar GEE

dnféeteﬂ@e t Begetenangie t aegetirpasi tingn, th@rg%%tlmated

d._t qet velocity, referred toint
AEDSr: B0  eeIE, 19e hh s o Mty snayil an
aerhod,l asitt natsesuad@oshlcbt on ’szufe t betuaageﬁ Zﬁacfsmrtze;achoﬁ
Qﬁl&ﬁetﬁéa%%d%Q%%bbgﬁﬁ abft i %% éPell Clg Ease is

the direction ang sure e respec |ve rac
BBsFERSBN &fd, W@h Pﬁéuﬁ%ldl tieggesf @rwdtiamt edand the

agtmatydofvemaﬁ:ltt@r gaeésoélaocaéccuwﬁﬁs £ &R sesitd "@&?@ted as
a assgm ated wi_.th that estinated

ChE Erb R ke R OE 3Ly, b enenagetay TeRger Crack.
thiferdencedretieent dheeveaguredcangadshe iest imt sl a5 of

ghLonthotiBngl &8 et refced bl LAl YeLY PAL L o2

error s un e es
WA @Haﬁﬁ§eénd§ﬂ'ﬂ§h6@m9¢@ dfradie erroindd My meabased kae

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 wvalidity of the TMA method, the
vehicle F which is equipped with the direction-finding
system for the TMA wmethod, 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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estimated velocity associated with this is emtted as
the actual target velocity and the actual target track.

ted for every track position al to a5 of
Lﬁeﬁeg fg%%ﬁ at which a dirkction angl e PED/BRPO04PQEt76

20 is measured The target track obtai ned by neans of
PRs POPRE EOREE r EEGPEYIPA t RBSEBRNve BN t B¢ heliwageton

a@@l@sormdoi tesidet Ac@Oﬂatehea&Ievenéé%&ﬁreldpt II% Qfertfiel o
et hod can ij)e fou for ex n‘g DE 101 29 726
RIOSlf%OInﬁ ot'deT -t 5°ckr cR“?ah%u’ff%ﬂi ?Wgoit henh&PPvgeceiver
metshidd, the thvehitche Ftwhckh o5 edid ppetiivileh Fhe_].tself
qjl%%%BQQJ {@ cégé e gor tQS g %ho%he curve c,

exan'p a supnari ne novi ng |n
SEE -Hitbnergeet sp@tsetﬁgnst Iﬁ)e 30 SpT, déndiett@e“rrsmeﬁam-slng

veRi ches whkeh e Usgd aget hf?argteaé' gat 'rehs%rlt(egé%vflcﬁe

surface vessel, are each equi pped ecei ver-
SPTREEN tE 3 e TEAAHES: & DEPS th et nBnAtEs t Ik Shown by

salteel ldurerdbased mawée gata@@eﬁysp@ghtleﬁs vehl che Feand gs
35 radio. At

t et I to one anot her
RGP B o R B UIRAE L 90e. 051 EFONSo=BE0 hg ‘are
\telam@hetiﬁealndbpf rtalnbd argetché avehdelerrd. neﬂh%wdthsdlutg!ré
ISl eceivers, t.o e precise
PliierTion halErndl 106 ERCRRIER =t ud BT e
FEaSEr eBcE ANt hehgehiehice ud ngrchetBel Jakg®0077 AR
%@Q@hl&%%%lﬁbf7théxgz @@ éQpéfgﬁsoﬂ beﬁrgos [BAr curve

vin St em and t i rection ang es wt

rdgs &Ct 6’rft I g & ShE&SGr édiSl'Fhlé?T\ﬁerﬂ'clcé Gsosixt | Ghgrve
) .C Byt wag5 deﬁiH‘nEgﬁeUSItm@ theGRYy raatiyahe r@IW 1 dvtg
iaq%ecrtg% trac eof th% 'Cla&;': |tse stg&r elr%%g{%t#g for

earth coor ate as s
ttéllegétlﬁ}@o%tl ehswbictl the d&hdetler M ned usi Mge tphgi(ERSm

recei N By d -t healtlér get €4 ?}l ty i p.d hgtt Eﬁ \MEID%% on da
t(E%gve rc)al at ed to earth co inates, as s

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 wvehicle F which the vehicle F had assumed at the
times tp, 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 wvehicle F, determined by its own

integrated navigation, associated with these value
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determ ned by the GPS receiver on the target Z are JUL 200?

transmtted by radio to the vehicle F. The absolute

r le with respect, to north and t te
?gnfg‘deaéb@?\%gg% the vehicle FtBand the targetr fpgrogsmo‘;us

I I ted or the targe 03|t|ons 0, dl to d5 (curve
% %% %%r %%%hchrFﬁ 3% e BESFEEBARE (/aldles ofes the

(éueveion). Byefwerofe eXdﬂﬂ"ee:tlblgle ﬂr awtfhggc?@?wgzﬁsh%lon
di [ t cal cul ate ar
i o e
Fﬁ§9965|ﬁ@@@esé4 ( dpnaete) Vehmdlthe Kae@eteﬂcmasta&get
b@@o@@§y§|0QuQﬂQn20 £§H§¥§ dkxnﬂnﬁzcakfgkgiggcgbs%l ﬁe&

dlrectson an%'es and abSolute target ranges are
FEUERe’ t FaEkIpEsVEfoRECD, thRE Tedexsnceurnsgs) ﬁeagﬁreas

by tmmaﬂ@ Fihy dreanspof r284 ntegs ated Hayi @%Wﬁg
L |s to,_sa each sgase the value pairs calculated
E “The® EEE Xn EPE rgt STEJCecOAPPESi RGSthd“BPr 8ct Pénto

bfgke armdetr‘raael tear gete raneraiee asspet at edewi bh thaseas

he vehicl e F.which. the
LESRhRRILLY 0, o L0 AR od PENELLELELFLE oDy
BasFrs t‘ahP-t ﬁétrlé% uFereett hesitnoegr t edlnavi bat i cnrvehbs;

at rt
A U R g e
Y

BEBNPTOR taY eb 55 he? TF nt S BR @ iyt
plotting the value pair [3 and 35 E at a4. A snoot hed

ti for exanpl e by
He 808 L Rt it Loty SO ¢ hesBoal Hete

pakrsabed usilng tdie t TRk mep@sldt [ EOT\ZSLEIﬁl dahecNehibekarkcy
g@&@if&ﬁ@Qto Lhsrown dnt aL§ g %rg tolerances
o

asSoci ated wth these val ue
2005/2C197yed gftepcw EE’Z@@@/‘:@@M‘@@%aIWS an tthiene, the

SOLLETt thirges. Refereassuvaluesiher de TdhrechiOhg s
ref erence I ONns tar get oSition reference

%om F e%ogﬁghoﬁif %ﬁ%ﬁﬁ qqﬂﬁRQ%F %ﬂ%ﬂﬁﬁatarget data,

and the magnitude of the discrepancy is 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 wvehicle 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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target ranges), target velocity (reference target

vel ocity) and/or target course (reference target 5-3 1 JUL 200?:

course) are derived fromthe reference target track. As

i dinasinplified formin the draw ng,
;wél gur)%é{ gﬁl,tg‘il n the reference target pos?FTé‘F%zod’s/HP‘iﬂﬁ

h4 as entered on the reference target track b, and, as
16 atBBndEdilen€8I8P™ hel &F nErFEEed r epeesent atfi ophe TMA

trees®d, mabc h Hate taetreali st abgakeROSHE u@e% Qhe#al el onbé.
(curve b) determ ned using the TMA net hod
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t d t th TI\/A net hod_sati sfjes
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rswzrw Nrid MRovt A %Qfgléf%l z ar getedal,@ e e U
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It er ERA&ESt aFgetaEIat‘éhlc%nd:}tﬁhe Ry tude ofretsmséctlvely
éssmhe@amnﬁIﬁka&kepﬁﬁlgﬁéﬁ oass@ssed.  £045t BES shown on

rLpose. way..of ex t f erences bet ween
?‘ epaclf 8| ré}ﬁ oﬁag% @§0§H&etshe£l¥%‘ftelrcéhcéngles and
diargeti marajﬁﬁ .esfopmt Waiohe ahamfean*tehctdﬁetaﬁgfit fterenrces
e r and th referen
Pl Bt AR o IRl " EEPLE OB L Pant ofng tadman
£it eéonJ%Kgéﬁ%%:0$fthbedte$@rgn@esduse assegs@&sdﬂibed
bb@v@lfﬁﬁfeﬁﬁﬁﬁciﬁﬂg tenzeraqatt e &, ﬂng%tQEmﬂggélble

or they reach a predeterm ned error 30 tolerance
ﬁen’fﬁﬁ8rﬂet %odr?ge‘é%n?%st%r%%"s BEBH S& aldrght egfeasnce

shagrti n wdle dirami ngancﬂhetbar gelnpdatea i Shed€COREEHd the
ow on .the track of the

L t . f
SRR B ) S h b e R By ot HY vBhF ol
PgthRe -watacewithle redpeenceo teltgetr weursac kndb reff et ce
vehiekevE1beUEYe 6k ideSehf- eanrQQQQ1@%§ 1%%c%§ra% ?yGES

ceéiver, sincé the target is subje

Fﬁ&wﬁaﬁ‘flatrhe Rt Seay . Lirher éew§r?ﬁ§|eeff{¢r@@r¢o dafeedisonot
usedcasputaktoAgmehbodsat @eehbdi nate environnent al

i nfluences, in the exanple a current flow

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 vehicle 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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in the test region, for correct testing of the TMVA JUL 2007
met hod, so that there is no need to know them either.

' | so .possible to use a radar installed on the 5
b@h%§9g7§§%4§ldeternine the £8rget positi BATOFPIHS/004476
target Z in the course of the test method during the
SRFITPE o HEd ar Bee ZtRggmbasdieddyiorise radhr @irget
tra@ddsTesartd ata i eBrbhen¥ehigh6-F wesReatd V&l Yived from
% sumes_the track position 0 and al to as as shown on

Fre BHfve'%. CPARF&far VhEBdUdEs gPreecrerRdangl exc il
ttargett Kdange<rdhr ameWTiMah @ thelier ence target track is
once again estimated, for exanple by nmeans of a Kal nan
filter. The rest of the test procedure is as described
Hdeewelr emengr iafcitylee tarye tr adamesdrso amkesidt $possd @har
¥540 recond-a rgferensg t .cour and _reference
target vel goity, and to co%%%ﬁ%%t%eségﬁfyﬁeFﬁ%E By*® the
tGrE&spoRbiing-hrt v itcdrgef dastnesttilreat 6@Sbyresel TVA in
pRLBOGmsS e theansl&r RES LAEIRh ERYT $R.and Jrgf e

y Dby

%ar et _vel.ocity are measured relatively i naccurate
6 HETP YL Shovievere YRISCtef Br BREEUESr §8E d@mdd g slink
betweased tar twestdag tded TMAerethed. FA fidr t hemeRtd on,
asurenent of the SAT in order to obtain
Eg%gpgﬁgngg?get data is for the target 25 to tow a
so-call ed sonar fish. The sonar fish contains a pul sed
sound source which transmts sound pulses at a fixed
transm ssion clock rate, and these are received by the
sonar systeminstalled on the vehicle F. The tinmes of
direction nmeasurenents fromthe vehicle and 30 the
transm ssion tines of the pul sed sound source in the
sonar fish are synchroni zed to one another. 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 tine of the sound pul ses.
| f
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the tow l ength of the sonar fish is known, associ ated

target direction and target range can be cal cul ated 3 JUL 2007

fromthese val ues. Using the sane procedure as that

SGri Qve, a snoothed reference target track is 3
%%J%B"gggﬁ% 2005/ 119291 1110 - PCT/ EPRCOSEDRUE/® 04476

estimated using the target directions and target
ranges, and said reference target data is derived from

this, and is conpageday thekheogok respondi ng actua
target data fromthe TMA nethod. 5 Measurenent of the

target by means of radar &%¢"&%sonar fish is used when
the position neasurenment by the target and the vehicle

F using the GPS results,d Qéggé? , for exanple when
the target positions c%%%o T §?ansn1tted to the

vehicle F because the radio |link between thelt?r8e5007
nd vehi Ed fect_t | st \

W 20%%/%1%2%@%%&%&/@%%%@/%‘%ﬁ%gi\ﬂ% Oé{?m}ng
EIEIEFRONE ™ &nifHPO By eRerMMOBLIBATERTIELAIWSE A Ast estitting
wefkodehergf, Methogdat-ek cagsi Veluh oot 8iNifg nd aL8elunicn

ety 2, ST uTar  SHaRUTCby A aReUGE SR LLOIRCa at
diucestsisdiveangtaasc ares Measus edfas aeihdall et argetpdat fo@tar
e et SevEn (L il o 4Rt eF m ABLSFTAnFRackts | Lrack
POSIHions usisiian an- beardoartionennusicnavisgatidnigat ion
%é/%{t%m,_ | P&t L4 B ARy rltn%%rg%ta%gdn%Véﬂ%t[?lt%%nsysstsecrrgm,
by. finding the direction of the target by neans 0
iw GG e bRsHATBRF 4RI G- faiedi PR asist e meiRnk tdfe an
tar-gekt rdangeedt hedi aegei oMef 06R1Ng t R drahget §ouRSe (he
%%qjg%rt tpaeng%ea,r g%hepo‘géégi;ggsv% Iorcl tg/?t etrhrg n%grgregméohxllrg’se
and/or the target positions being determined 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 wvalue pairs of the
mutually associated, calculated direction angles and
target ranges and the track positions 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.
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20 at the tinmes at which the directions to the target
are determned fromthe vehicle, the positions of the

r hicle are nmeasured using a | and-based
gﬁh?§§53a§é¥ﬁite-based posi tPof-fi ndi ng REASEREHAR{004476

system the direction angles and target ranges are 25
cal cul ated fromthe positions of the vehicle and target
rﬁeasurléidarl: n tte!mtstvvar)et tard i P @aglh @@sienﬁsoci@]tc ed-wWhid 1,
Mo d N a preferabl, noot_hed reference
gggﬁgggf?ggfdigjéggﬁ%%tg efpgﬁpfﬁgg$m9334hﬁr%l%ﬁr?P%PCY
MRt R8s s oey af ednical thkatied fdireecti eamdangt ess aanek 80y
tiargel J-anges ad tbhe track positions which are
associated wththese value pairs at the correct tine
and are determ ned using the navigation systemof the
wehi clteie arésiktn kWBahoref geengesdihegct i 9N N9l s, o -
ggference.targei pqgltlons, reference target ranges, a’
%@F&Féﬁ&édt argetP el 66Ft PoRrd 6N tef BRenéaroatgetnd
@@l(lilﬁ&é&/&!‘&fes ntterdured I E@?Elghear afey e&gz;%eti%gft wllﬂéﬁk is
Keli.S red w e .corr ondi ng, act ual |
?&r&%&ﬁggté%ggﬁgetﬁgﬂﬁﬁahiFﬁgeé%fggﬁe S &pandyire is
doséedd@d 30n Juhe2002hiMD2005/c1929 - ditellite-based
CL:ER2005/:004476 2..Ihe as ¢l ai ned |
ot Tehatadterrsed TRt hat URE-R St tagoet

aim1l, characCterize e nhgﬁ?%ude 0
FCSdFepRACY TS $ Tags8d§Eq I of ¢ rightilsd edi frfrerfencdlandy
kyddassessing 5 its tine convergence. 3. The test
method as clained in claim1 or 2, characterized in
that the positions of the target and vehicle are
nmeasured using a GPS receiver which is 10 installed on
the target and a CPS receiver which is installed on
the vehicle, for the satellite-based position-finding
nmeasur enent system and the target positions are
transmtted to the vehicle, preferably by radio.



