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ELEKTRONI K GvbH Bremen TESTIMETHOD FOR A METHOD FOR
PASSI VELY OBTAI NING TARGET 5 PARAMETERS The invention
wWel abes/ 11231t est nethod for a nethod fO[DCTpg?Pszsﬂ!o\ngMn
obtai ning target data about a noving target which is

emtting wave enerngy.,ad mEipartdciul@rggaund, by 10 nmeans
of which direction angl es are measured as actual

target data at successive tFAER positions of a vehicle,
in particular of a water vehicle, which determnes its

t f [ S r I gation
TR N AR B L R R, 4R
15 by finding the direcPRBAMBTERBe target by neans of

an on-board-based direction-finding system wth the

target range, the target velocity, the target course
gﬁ&? SFVERE 1R FEL 256§ tticor BEiSty mesthachifivad of menhdd For

pasburvther aetdialidargetgsat aac20 dub @ der nhe At &Ling
tljle Bosition, the vel OC'tX and the course of a“target,
%’o%cexzir?pleemjo?t]a{l%u‘”ﬁ‘é%ee FES¥el MoPaxtdGBAAE FOUSH. oY

aceoepedo, whascls od Ted d teibn t angeésdata ﬁwéagh@eﬁlelaisc!a?)ﬁ:uatl
anpl S ri r.25 surf.ace vessel, w.thqu
frtg\%ggl)éi %ti%t 25 %?‘%?r‘?s%ﬁé’%c%él&ofpoﬁl §d CwhiPc Y Secle,
RAOWT T4s CA IAVA &t aF geateot vehicanal yhiish dethedibes its
@@&&ngobﬁﬁg%hsd%E@n%e%%r@ﬂuﬂﬁéyh 4&¥éﬁg%£u%9n%%ggA%%on
sound which is emitted fromthe target is received Dy
8Y86R8r di't RATOIRHi i Wy $95eENRtS andisheidhr evsitem,
apglfe ridd ichecHar @etetSidRastr @the tRfdd NG, FHOMANGF an

Lniti sition, .a position of, the target is .
BRI 1 e B Ut DS o Cogether With ¢ ide
tragktposingon bthet Hmangghi clrelorithe \teiaa;/\‘:t@'rc_s,e%owggrse

i/t 1-0R 1 M is Lt ion | at i C e 39, .
et Wi To TouPRa it on et S T berBertye
as Turther 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 wvessel, 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 o©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



10

15

20

25

30

35

will assune after a tinme interval, and an associ at ed

estimated direction angle is cal culated. The di ffer'enc"e!') ﬂEE?ﬂW

bet ween the neasured direction angle and the estinmated

Girs efoisQN1 @3¢ € IS reduced_iteratively u 0
DEC 205? V0 2005/ 119291 - 25- /EpZOO?dédEgg%g%} rﬁr4t4576

| §; ypdershot,, 4 Ic}[%tht |ts tQ,say. the estimated. direction

angl e corresponds 10 't he east? ed Wi rieti o €angreimated
e@hé%‘iti@fif theler rerrnasimyrairceto ThehaseéLsuesd | Hatredtion

Poshtd ON &s-dgent ed t rg itio Th
estél}mat ed r%n%itg t%é)%hetl?%r gggr&? ggégrgﬁgevel glélfetyggﬁ&ic

tFRC 1R gt cORPdé 18Fe chf culigead iffied t hes dithect i barget

apkgi;etfcmj thiee t 86 @Eha POSI +i e J@etyshts£§e§ QH@ target
pos |ons an %Eack positions are determmned in

bt Hiah et ResACOt AP GHIT G BHOHEA fDom the
r@w@aﬂzlm siyglermnﬂorcmm |hadaye oreansi ofo@n e egeat 8de ' o

n t Bans of which the direction of

t(?‘glil/g?g g?ﬁg %‘ ance r BVet BtAY e 246t SETSTEd sy in 2

neReYR | ngarher vebgci meagfs t e vehi cl en-Hberdel aatbionsus
b |

d@é@f@giﬁgh ¥ thﬁpprﬁﬁleQ3'gﬁé mﬁéﬁg %ﬁvgaenergégg?ted

15 transmtted dlrectlon s received.
SHRY12RE 1 At t BYSFeRI eV GFeaHF thie ghoahd the ohitayeten i af

tthea s ANSHE SR nagbaghcérhet@\p@i@& shid t d'e%e%m&ﬁ@?ﬂ“rﬁy
of the vel oc:|ty 50 E | o on wat er vehicles '
PSR Y% ot VG IS Wi O aPe Ml etkeed THomve Hec by is
séabedninead the aai@pﬁldﬂmﬂ @Otf@ﬁ1hha@K'mdﬂgjéﬂé¥§% is
e

ft ter t .
e A R SR b 8 EPsnt Raur gabPaRier-

uSestiere fafover m@hhe%mr@nme reghond tar ppwdlegers in
dependeilsh 1 ACKoPORdd{ QRS W C u | ow. and

25 are corrected by fllg(\?v d%% %ﬁénf?fo%l ‘falssgs‘gl TRasure
dtlderthto YBtEFhF¥e t ROPPRITCI dOgSowPn r Uea posi tV@hlcles

fromdier neasul edvdviaack wpastht | are Argeicatbad BAT,(SEAR:

SHEPBIECe,L S5l L3Rt oty 80 erdel,to Y LY
water layers, in 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 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 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 |51[]EC 2007

a sonar direction-finding system Wen using the TMA

et Rods/iagpet ranges and tagget vel ocity,..t
course and target position are estinmated 55’?%?5@?’%35&#56

fromthe north-related direction angl es obtained from
the directions that are found, which target data nust
re¥chiBBeRF{ PR dr opasel epandés fobpjeati ddt i reaffema a
spaa fihéet - whithManS HaEw 2807, 1 - =
PGI/ EP2005/ Q04476 The | nyent 00 b YD A0 TR L i feins
St sPECFRYiIT a2CteRt2het hbd Whi ¢h Behhpd Jsud mhehiwaly
SIET cammali thiyndreansge 0f daftiachedhepaceepkatiihiclly ffi &1y ang
e

d f.or passively 5 determ ning target data can’b
gp:%egferﬁan%ldy qourf f:jk]rrife and preferably on-line According to

the invention, the object is achieved by the features

ol + 10 fhe ; L accor,ding, to the invention
has the a%v%nt gye% ltqlﬁ;aétﬁlllt LY %133] 8?Et hHE rEtHod 3% bY
Heq dstaddinam clasigeslsed even during the test run at

sea and, if the results are inadequate, can be

fqollowed by one or nore 15 repeat tests imedi ately, so
t“ﬂ}fi Vi‘%tg‘%%\ﬁ‘“r%o%lsw i % eldle | HYgmel oThias rielsell advamtage

adiesi dehabhexIciesitt s a¥E NG heSi e @YEEY day WALEBA! San be
resoéjé'ged at_sea W t '

h o s own vessel for the SAT as
the vehicl 87t WhirchSt %e dF &kt FBA- AtdPRy &Pt emf sthe

fieseld amgrav thadeguate noren2Bet dbgebweli RS iche or more

qse%ggd' t | t I S.. T - b d. or .
sat el I_t?t%jsbﬁz:\gse FE}%%?O Lf isnodrkﬁbét?r;}g%%r%%nis 552t Bhr ot
orfe' §1BGn vBsse| r6Fulke simfacecarmslidargete shisp wiehng

isirtseeasra dof efience 1argelyprogducess.eaiihsrelated
positi.on val uesr&of hllgh accuracy, from 25 fchit is
POSEI Dl e T catRTul atet verS oAt HHSHTR e twaliekcH orthe

tdhier edti triemt - foimdaing} esyaatctbrt argeti vrapeand esé one or more
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 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 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 value 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

range, which have been deternined at the sane tines ag [)E@ 72007

the directions found by the direction-finding system 30

fios 2ovs/IMPeoet hod, are assogiated with t

positi ons which the vehi cl e has det erm ne@@%%gs/oou%
opa boa¥ d-ayt-eRonNpus ;Ravj t_the tines in
whi ch the directi oft/s wer e oun ?ﬂﬁg TV hethodaThet
t P 5Kk p%%@teﬁﬁélﬁnaomﬁéreélWétbathe aozwesabedingt AcBhal

tbef@@nr e dised tbGald atgihar 9ehe POSIA | QRS dﬂ' Omt‘%h' ehe

snoot hed reference target track is estimte
e‘ila%%t%%%%e%ﬁ%wetnKBPﬁHHEF?reéFe VRePEPEABS EPPeoctunl
angless Bsrebevengentatgen peedéteﬁmlheﬁeé@%% tapgetest

r nce t et_velo and/ or _a reference
5?%§§fﬁogi S%%%ﬁbﬁ%/l?@%@lproﬁeg FepSBosFoBagyEble to
t 3¢ gees coue seoaﬂelisddectueﬁ taogethéacef esenesecéar getng
t ¥ REKTANABE 6L HS correspondi ng_act ual
t ar get data obt a| u3| ng t%@%‘%ﬁ net fod: Fg %@gerence
df 3T Ep atitly? be?%@:@ﬁ the Eé‘fﬂerEﬁeekvafueseaadotvhevahtuaé

5ay@ﬁ@eswh§cﬁonﬂﬁégl@EAtOmétﬁégde§§rnh§@§ eror, Lhg o
]tslb%resu t.is pasitive. This procedure nakes |t1
poas?

T8 otNesLELETRRESs bACHPe d TAGKUal thesigets dae aneed
est i raked arséagnt t hﬁ TMPe mehiedobyedi heCti LONRAMISON por

r nce et data. Since the same track.
oPOmE GEhEEENTE oS i o5 S en CHe T e hbRST bon
usRkuiatiwed tio erdedl abe ¢hienimefer encert angeipltd,ackhe
té}pf@cd s &P nged  t9od tn]@ke ﬂheﬂourbtn of i he envi rfnment}altl ch
to

i nfluences. For exanple ere 15 this no-need
cdt ];Ped“tﬁe%l r eBei oRTaEH coatité®sisi n drdemimed by the

etttMCFE&tcE atiebnexaupl Ql,avtlp%tl%nefé‘ﬁ@erﬁ)f gscyrrent, f
the ve& i cl £ v@l | uences the track positl ons
e Hed By tHe U boar d aut ononous navi gat i on

system as in the case of known test nethods. 20

IR, L B g | G BRI o
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 wvehicle,
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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di sturbances, for exanple as a result of disturbances_ .. 2001
in the radio Iink between the target and the vehicIE{5wDED'""

to store all of the nmeasured direction angles and 25

aed walostai ged1 data derived_fromthem an out
further test runs. The storeé t ar get datgxggﬁggé6¥égﬁ47s

i gai cany LhRe,. th leti.ng the interrupted
ot anearr Y wigTrne (Rt allRg L Be vt i ik e the

[ W%maal§§X§ffevéththe%ﬁﬁvankag¢ that dite  exemplary
camvesgrace, ofiike t acgef) dala . asii mat edy using the TMA

thod with the predeterm ned error tolerance dan'be
assE3sEUSON- e I8 iBthethi@nt BRbEATMETERnaotict o1 a sea

nesdosh acogt i ngoding Reehidvent i O Asdeldg 8Sirger 7.
advant ageous devel opnments and refinenents of the
invention, are specified in the further clains. r:

SICEC 2N 1 NTF 2095/ 418884 - rbee i PCAG ER2O06M0044 76 ThE of

I VEM | QR g | lained in nmore detail 1.n the
fo]Iomﬁnglﬁextea?%gége?%?gﬁcghfb %ﬁgggéeﬂﬁldfy received.
ot et , shaneh irrdddsstoat ed iusddetdr adtygrmide the

thisi case 4 aWM scenario in.a sea
req!én Wit h gﬁﬁggﬁﬁégggﬁgg esgﬂgﬁﬁg% ﬁ%%i%%r?%rb%? ?Pg?e

The - eRFEPECE Hay AREorRROFEIVG ngosyht elrent imeanswith

whtghesoundoendited tregethe t@iget g, Lsckggel Veﬁ‘% e .is
%géé?%ﬂgé&hgyal(processin is used to determ ne 1he 10
inci dence diTection of the™ SO % He i dot (dn=ahgl &,
W t h-respectatt owhheh gebgr apd iccor Fh adisteeki oisr- WekBmpie
r -t ty T irection.,angle is

&g%£?%$%2§}%%ggﬁg%%gé?Végﬁggéu?%n%%tlY?n%@nt?f?cg peurve
#), onphhe Basjpi eh the vasied ofF egsimesaddriexasphese,

s thestrack RosddPnspd, alnd 0 gsn9p1its K
curve on the basisQOf its speed o% né§¥gn£éﬁ%gf?ged

e elag it aseipey e Ve tciy T egramedt
ravbgaplen 0shng @yrostopesyf akeadifesbhen JRASULSHENG,
%c%@rec{tﬂoqg 51(1)& \é%cﬂcfggti%asrgéggggémggg ' d%?fs:’isc’:legl.y”_[‘he
method test starts at the time to with the measurement
of the first direction angle to the target Z. The
vehicle F has assumed the position 0 at the measurement

time ty,. 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 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 di, dz, 4as,
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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20 acceleration and inclination neasurenent devices.

~The nethod test starts at the tine to with the ‘ DEC 2007

nmeasurenent of the first direction angle to the target

%o 1bes/Mehissl e F has assumed the positign e
measurement  tine to. The vehicle F carrf 839%“3&0%/004475

? uyers,at, the 25 measur ement times tl and t2. At the
Urenment. 11 me 't o, tHe tHgst 39 odawt En, thrrget
[§@SJII’[SIEOH am@ndtan:sedl r ectlicen tiys f otk byed hetovemncl & he

o t t tial t , 30 to b
Lo oSERSn Shgl e 00 TP {HaHBR: HBP§oRa: PRk BTE)

& hegr gtstZnatrrel 8 Bpsatéonsrdnttiar getgevekodidry edth
oF a:H‘eontSE@(f‘}I: basget ohkagk, t%t ?ﬁ | 0g f:flgmveﬁ'ltlf%ll ni Itar om

Si (Ill on a target track d and assunes
E%fn‘p Jer‘?"?fel?%sﬁé’@t i e getd pasi tiloms rélSpG@ZlVdeS t35ck

hbsitioat el ti meschi, cMBEr 8dhitidn 203, h viftfced
\(\;hel%t& |tts gl reg%\?on is found by the vehicle F. %
& ¥or ChasSi¥el §288EEr nf ni n‘@ajt%‘él%'a?%etarﬁat%ﬁ@fmated

Cheerariget Zangpeci fuamtdq/latthaej actwiah target daldigRiced
Gi2Q8L WO 2QQ5/ cha%?ejc PCT/ EP2005/ 004476
ar & %-ar %e

_ %et direction, targ range “Car 5& on,
dadrescnRa t Aegarerel @é?letymera@ﬁleleriedatrmi i tHehe estimated

Mot hod gt v oe 5 pei el Nl The: (5 Gst 12 Y obikidn %

net hod,_ estimates a position o tar
6F “Phe 1Atk pdsi PPéﬁ§55Ptt o B® ofisﬂ“—hélaV@ldl C}P@Sf-ticmmmon

the ctli reet oniangleuraswed @ thecFespaetive ﬁara%%‘a is
9‘?%%? nd, ththgu dition of an estimated
66Tty 6F the'tar GSE 2! cdIPdcht esPAf ex®Fnat 884 the
gerémarod amglaitassasiat oot ad t ithatchast m@t @ﬁlnl_eed as
Bas! Libona of a heLarget
0129 tta'i‘%ett rv%q%c%’tgsgntd €nk %% ést |aE§te§d track.

di ff erence bet ween the measured and Fhe'
dri-8ctls orFea??gf}té%d i 50¥ heMeredgeegki thersdttiivel yauntol aanof

eheokehi Bk iFS amdesshot a_bﬁe@@iéﬁmaﬁglgo%bt ltgl% Q1 rget
whi ch _the nd hoot| of the error Iimt 5
15 Bpeeqcas e FAtidl VR GetopgS1IoNY andanheot the

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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estimated velocity associated with this is emtted as .

the actual target velocity and the actual target §r. S
V' &bEC 2007

This is repeated for every track position al to a

e, ¥%ghi at which a direction angle to the target
%%) Fzé ?r/egis%r%d. The target tfack obtai ne@CWE%@é’ﬁ‘s’og#‘l”
t he

met hod results in the curve b with the target

-
SosiHa M b4 SCRIVEmGr eR¥RSETe daBeri phe ordfechion
By Ireet hﬂﬂtl@gﬂebﬁeébﬁﬂdknbﬁlthem@dﬂnﬁaash?edﬁ.lz L 28 /26
25 |n order.tq c the validity of the TMA ‘
@&%lo%gfoﬁeé' veni %Ioe %V\Wi’?%ﬁmf%é e&ﬁiléﬁe&hﬁi t4F % Heeceiver
diasadtti oanf i hHengtrey sttemdkor of het HdVA wttiha@d, foritsels,
u i N i ' [ in the
;e%)&?n'rg-%lsegib rarceo:' ggg}'igtl a? g#%%ﬁgﬁég 338 éA%?lOgﬁl dtbty h& " SuFHeE <
VéWt ctie whpERSEs Desddigast He  dhr get d5f oletexamplesl aising

s agesVesselived e gacheequl ppad zwﬁéﬁsﬂt@ﬁx FR&R! V&l e
gr Wit h aagée accurate DGPS Teceiver for the
&S5 (T Base d TRAGati DRy St éronHeataghi clee Fhaurd by
tthe t angete Z are Trhekedatgeeneparathensby 035 adi g.o Atgs
the positjions of the

t rt of . the tes t hod, .

\‘/jtélhﬁﬁe%lt‘@ 4 Yo?“%%ethpgf getCF U B eF HF ndd IRt hZhiage
precissiisrrasy hpansadifo t he GR® r eekiivees,Ft 0oThbe J¥a6i 5a
al;ways saf, t ty [ rget irectigns are
measur é}g)tnf rom t e‘bg@ﬁi %?%15% us?%gtﬂ{% g%D@B%ZC%'F %Olute
FGOSeL1929Yeeny LhpCTyEppebs/ 0044761 onhboatdrgenarz  are
lc@Q h M iz S Yisd e M handa ther dbé@@%k@ﬁs anghes (W tfr (curve
rgs%%ct to.north are nmeasured. The vehicle positions

6) P §3H Mfasthted HUsiTE BRSIEFSTedki vor ta exful tounve
the BEyuevety ack @faridles ,Veiﬂe€|&aﬁﬂihﬂg3eil{ows5 el %agLCE%lcéted

r r te s, shown by t curve ¢, and the

t%ggtggté%%gls%@rﬁes%o,a%ﬂ S‘tt 0 2 el‘flear%rﬁ#etc?r g adse fToper
téCeibigle ith .t ke mright ther esllitclien i hexst rare tHeargeii tion
Cuackourel abpd LAGeRREN COUAI NAL G2, 88 SHRWRAY . sLAC 4

c(lgl\:/f%ed.d)'ljhe target positions O,

The calculated absolute direction angles and absolute
target ranges are linked to the track positions 0, a1l
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;y (i1 = 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 wvehicle F had assumed at the
times to 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 wvehicle 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 wvalue pairs and using the track -
positions of the wvehicle F, determined by its own

integrated navigation, associated with these wvalue
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10 determ ned by the CPS receiver on the target Z are

transmtted by radio to the vehicle F. The absol Ute‘uﬁﬂEC 92007

direction angle with respect to north and the absol

WANg§oH the vehicle F and the target Z are

cal cul a/fe%l\g%ggr the target positions 0, dPCTOEREPOBLAPEETS
alr)s for ch of the vehicle positions 0, cl1 to c¢c5
curve @ SV TI- ekaffFe, Ref@ R 4H righ ktoms fole the

dalr@tgitatoead dreéeren@eangiﬂe(ca:lamh the gakgutat eshsition

t ge h trret |chtheveh|cIeF
v\(/grseggtE {n%% p%% é|;){on Slef Sifle’ csar%‘htd fRB9Ear gt & e

AATORE pd@ﬁrggq;ﬁ .d4 t@@g@tur veldpit¥he ( &‘&|f@bt|ealfc@d target
@Q&@c‘iﬁ:g ydi recijon ang tand &?ISQ%MZ e%? et
e FEEo6 as (c

are linked to the trac p03|t|ons
EPURESsUrEd Bipriedy dcst & e frRems coft 2 et tregrat e ths

ﬂaVI gﬁlm@tfhraﬁé@t ins 40 sﬁ%l‘ffﬁi‘ﬁhES%e :Ltnhet ¥alcﬂeaw1ng
|rs cal cul at.ed %tgthetlmast; (i ’
Hrsr. T&5hg “the TditPEC e TET IS %@tthéqs&rt@@mr dngélarte
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and 35 E at a4. A snoothed reference target track is
Estlrmted the use of a Kalman filter,
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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 1is 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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5 velocity) and/or target course (reference target

course) are derived fromthe reference target track‘5 {féc 2007
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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 wvehicle 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 wvehicle 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 values. Using the same procedure as that

described above, a smoothed reference target track is
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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.
If the towlength of the sonar fish is known,
associ at ed
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target direction and target range can be cal cul ated

fromthese values. Using the sane procedure as thatﬁSBEC 20@7

described above, a snoothed reference target track

2005/ 119291 - 10 - PCT/ EP2005/ 004476
estl ﬁa?}]dls}églng the target dilr ections andCTAFBRR05/004476
ranges, and said reference target data is derived from
this, and is conpared with the correspondi ng actua

target data from theLAdPenekheeure daasurement of the
target by nmeans of radar and a sonar fish is used when

the position nmeasurenent EﬁeFﬁé target and the vehicle
F using the GPS results in problens, for exanple when
the target positions c Tlg%gﬁwiransnitted to the
vehi cl e F because the Tadio |i etween the target
and vehicle F is subject to disturbances. 5 DEC 2007
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a5t heract ual, fayget data, character| 200 R e
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 wvehicle, 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 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 wvelocity 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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and are determ ned using the navigation systemof the
vehicle, and in that reference direction angles,
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Bysa$4888i Age §IFP§”FFﬁ€dCGﬁVé?ﬁemﬁ@lQ§efﬂﬂ?%ﬁ%ﬁably by
matdhed as clainmed 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 GPS receiver which is installed on
the vehicle, for the satellite-based position-finding
measurenent system and the target positions are
transmitted to the vehicle, preferably by radio.



