- 1 - Method and apparatus for passive determ nation of target data 5
The invention relates to a nmethod for passive determ nation of target
data associated with a target from neasured and estimated beari ng

angl es of the type nentioned in the pr"e?:h“aracteri zing clause of Caim
1, 10 to an apparatus for carrying out the nmethod according to Caim
10, and to a conputer program which has suitable program code neans
for carrying out the nethod. 15 In order to determ ne the range,

velocity and colgeRoflafa! apdekachy’ sEXAIRLE: 0L AL BULLRGEIRROBE, o

submarine or of a torpe ar get assom a e target
froma carrier vehicl e for exanpl §aags§rda§e vessel or a subnarine,
w thout giving itself away, a 20 sonar receiving installation is used

to receive sgund waves of the target noise, and to measure bearing
angl es to tHe'Y ar g8VSITheSe Leakd TP andlPes ar e™G$6@% o ¥ i miesd Ve

posi tion of ddwedmaigeti @&s aff tmcﬂq&n ®dt4 hasearibeedvenital eas tewyet
position, and to calcul a (r]1 ass CI atﬁd estimte bea In an%l e

This is dependéht™oh®the tﬁP etesﬁﬁ%ﬂa FormYy, FHHat® i 8
const ant courese: weridrbuinadcdel epmwmra@tieﬁzlzﬂﬁg 658a62ed|<sxtl O%esma 1,

met hod i Cgcdi tgﬁafa%%'ﬂét%% rﬁﬁ“08§r£ ?ng fu%r R@%M@Q”a@%%%‘& %%

and esti nmat bear i I'eés over proceSS| ng cycles
until an errier IGLAim | éoundéfléihoto V%erprl’@%t@?rd?rqqrrﬁm ihich has

under shot, tdig w@sdidratee positiavaon mbich thbs i sabagedqi sout the
|dent|f|ed as the target position. The 35 target data asSociated with

this target Q%on is therefore optim zed on the basis of a
predeterm ned optim zation criterion, depending on the iteration

15 In order to determine the range, velocity and course of
a target, for example of a surface vessel, a submarine
or of a torpedo, as target data associated with the
target from a carrier vehicle, for example a surface
vessel or a submarine, without giving itself away, a

20 sonar receiving installation is used to receive sound
waves of the target noise, and to measure bearing
angles to the target. These bearing angles are used to
estimate a position of the target as a function of the
carrier vehicle's own position, and to calculate an

25 associated estimated bearing angle. This is dependent
on the target moving uniformly, that is to say on a

constant course without acceleration.

DE 34 46 658 C2 discloses a method which iteratively
30 reduces the difference between measured and estimated
bearing angles over a plurality of processing cycles,
until an error I1imit is wundershot. When this error
limit is undershot, the estimated position on which
this is based is identified as the target position. The
35 target data associated with this target position is
therefore optimized on the basis of a predetermined
optimization c¢riterion, depending on the iteration
method that 1is used. These include an optimized

solution, which is updated with every new bearing angle



met hod that is used. These include an optim zed solution, which is
updated with every new bearing angle - 2 - measurenent during each
processing,cycle. In uniformconditions, in particular wthout any
target manoeuvre or change in the soundzpropagatl on, the optim zed
solution will evernore closely ggroach t he actual 5 _sol U}I on as the

observati on I?(?%mf%@e%séjéjrl@@ca ENt RF LTI Bh WiCdR i s
case defi nedccasdiﬂ:mm,st is0lpatritdru lblratw i tshdw: saxyyt hergpti mnam:dauvre

sol uti on, canyer it h ct cor ct tio t I
or |ater st a(g% pen i nlc}%nectkﬂee o%qulr%ér% zgjtrlrogj gfgc me ’ho&htaeha rg)te‘{{il[{}séee
and t he currehtust@naryoll Ottty srettorbe Mhi clpiaiso thef ergaddiatlo

as targeg m%dﬂi‘t?&@' é(§'§héTM%%erOé%lEHetqméaQK%@%%%%s,h%‘é%\é%rse trhat
the cal cul ated sol ution may be unrealistic because 15 of unknown

di st ur bancesSHEHE é’é’%%dl%l gfal §2cPf tReei il nRd a2Ps Fereilrsd
with major essnrsiod he tid metodtsonmebiymeshest ioprtias Z¢dr ealdistdieomr

illogical tar et dat a, h aveloc of 80 kpots dep rtlng
course. evert TERAAES ha sl gt'e s SGhOah Yo SRRFBAEI SR EotPde S
2009/ 156337 M rdisc| 0$eslateret o gen adpendihe el i gbel idptiofi zdte on

optim zeg S%é%ﬂ& ﬂl? { ”Jg% cal & é aﬂ%t&&’f‘réﬁ’tté‘&énﬂ)w“ on. For

t hi s purpose, icity o erent target tracks and a
qual ity rreasure for each of these assuned target tracks are

cal cul ated diHd ngueaChIREESSKRIcKYGlse. a e relrkabili tys Ofhist R rget
optim zed sol utjon can_be deduced fromthegegll trl ution of the
qual ity meadtitteloBo2RtYPtRer (¥t hod PE di %%ﬂ YARBE9%0 2OURVGF9

444 B3, in wtiaxh tearcageabgt €dneasut eorning yf bemuarsedond it arRstucer
arrangeTgnt(agwh rhéﬁnaé{gtgggagéeg 9£S£ﬁgcgecelved signals. If the
input data is received with major errors, the TMA
method sometimes estimates unrealistic or illogical
target data, such as a velocity of 80 knots or a
departing course, even though the target 1is on an

20 approaching course.

WO 2009/156337 Al discloses a method in which the
reliability of the optimized solution is indicated in
addition to this solution. For this purpose, a

25 multiplicity of different target tracks and a quality
measure for each of these assumed target tracks are
calculated during each processing cycle. The
reliability of the optimized solution can be deduced
from the distribution of the quality measure.

30
A further method is disclosed in DE 10 2007 019 444 B3,
in which bearing angle measurements from a second
transducer arrangement, which is arranged at a distance
from a first transducer arrangement, are used for

35 estimation of the target data when a parallax value,
which is determined between the bearing angle
measurements from the two transducer arrangements, is
greater than a predeterminable parallax limit value and

the range estimated for the target data estimate 1is



froma first transducer arrangenent, are used for 35 estimtion of
the target data when a parallax value, which is determ ned between

t he beari n? angl e neasurenents fromthe two transducer arrangenents,
is greaterlthan a predetermi nable paral Bax Ilmt vaI ue and the range
estimated for the target data estimate is - | es

conpari son r&Eige det®r ni hed PFORT + AE paFarPax fjteﬁ?ﬂfm\}afaﬁe fE@“l 58
339 A2 descrpdesl sahelinod ivewd ch limt 5 values are predeterm ned
for the target data, thus resulting in the iterative estimtion
process producing only physically and technically sensible target
data. Conpl etRel yL usBéalBidét A& ordesklrogesal ar esetitad such wisich r ange tof

1000 kil gmetyes, e whigh g'ile'd'%\&%&&ﬁlﬁ'eﬁ OGCUr {He 10% Neet L RIAL 0Nt hys

process when the receive nals are subject to heavy noise, are
excl uded froff$hetSt@rin Wﬁeob??ﬁﬁéV?oﬁSﬁéﬁlHBélo§ué’ﬁO§§StShP§Od|Uﬁlng

which limt d@y%h%@cbakgn driet Ota@h‘@uahlmr mlmr@etaﬁ@éa Yata.
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di sadvant age

An optimization method such as this, in which 1limit
values are taken 1into account for the target data
15 during the optimization process, 1is referred to as
constraint TMA (CTMA). By way of example, the limit
values are entered manually by an operator or else are
determined from geographic characteristics. Even coarse
presets make it possible to exclude estimates of target
20 positions which could not possibly be detected by the

sonar receiving installation.

However, the - known CTMA method has the disadvantage
that its optimized solution cannot converge with the

25 actually correct solution if the limit wvalues are
chosen incorrectly. Since the CTMA solution corresponds
to the global minimum of an optimization criterion
within the defined limit wvalues, this does not produce
the actually correct solution when the actual solution

30 is outside the solution space defined by the limit
values. After a convergence phase, the simple TMA
method would therefore produce more accurate results
than the CTMA method if the 1limit wvalues had been
chosen incorrectly.

35
The invention 1s therefore based on the problem of
identifying and correcting incorrectly chosen 1limit
values when using an optimization method for

determination of target data.



that its optim zed solution cannot converge with the 25 actually
correct solution if the limt values are chosen incorrectly. Since
the CTMA sol ution corresponds to the gl obal mnimum of an

optim zation criterion within the defimdd limt values, this does not
produce the actually correct solution when the actual solution 30 is
outside the solution space defined by the limt values. After a
conver gence PhasenvéheisnnpbéveéMAtheished okduwnd Whetled ofeaprodacefmar e

accurate re ha he th Lf t jmt valu b
chosen inco?n‘lr‘gegc}t%fcE . gg&Thepc%gr\lé\?ie"[r%i ogg}:é}?%grggkgg]e boaéedggﬁggge wta
pr obl em of iWE%IWQIgt@n@léémr det iang! ikic o2 eePPHrehvsencliriidti ngaltives
when usi Rg am ppLi1g zation nmethod for determ nation of target data.

- 4 - The invention solves this problemby the features of a nethod
for passive determ nation of target data according to Claim1, and by
an appar at uR@assor thdg digrta 1@ aifmok0. aReceiys by Gig@nalis fuaromaatudraast
one el ectroagou tic_and/or og{gfigﬁusti ¢ transducer arrangenent,

far
exanpl e a hors SHoe DA Brs ﬁniﬂltlcé‘%ﬁaagﬁﬁ%g?gegtsu mar iTRe " to Cas
a carrier vehilvbeseanorbase omedaani enkagninbinch bsbbewed abys udbmsurifngc e

vessel op a SUDIRELLAE: A GApMINethfod S0 dLoslulig, | nghabhation
on a directionally selective basis to <1?ormarray signal s, and the
| evel s of tHEOHT AYY spghalrdagfe VsEserlved AnjubPRerédse et lsempgned

I evel indicatiesat hadndhereces vanbar 0edt K11 2 BeAr iRy & ayide & ikeaniing
angl e associ ated A th kt)he,ar ray Elg{lal . Wile th carrl(fr }\{ehllcl e,s
movi ng on it %%ﬁ asls to fo array signals, and the levels
of the array signals are observed. Any increase in the

15 level indicates that there is a target on a bearing ray

of a bearing angle associated with the array signal.

While the carrier vehicle is moving on its own leg
along its course, bearing angles are measured
20 continuously. The own leg in this case denotes that
path on which the carrier vehicle has travelled with a
constant course during a predetermined time period. The
bearing angles measured to the target are processed in
successive processing cycles to form target data. In
25 this case, at least one target data item, Dbut in
particular a set of target data items, is or are
estimated in each processing cycle, for example the

target range, target course and/or target velocity.

30 The CTMA method is preferably used as the optimization
method, and this takes account of previously defined
limit values for determination of the target data. This
is a non-recursive calculation method, in which bearing
angle differences are formed from the measured and the

35 estimated bearing angles. The sum of these Dbearing
angle differences, which are weighted in some way, or
the sqguares of these differences, is or are then
iteratively minimized. When a predetermined error limit

is reached, that 1is to say a predetermined minimum



along its course, bearing angles are neasured 20 conti nuously. The own
leg in this case denotes that path on which the carrier vehicle has
travelled wwth a constant course during a predeterm ned tine period.
The beari ngl angl es nmeasured to the targét” are processed in successive
processing cycles to formtarget data. In 25 this case, at |east, one
target data Y3e#g Bdt T p&leﬁ%&ﬁ‘lgara%g%%t I EEACGEE dat BC 1 (8t M2 %or
are estimat esbliutceachipr oaassbngdcyel ehd e exasmplecide bar getnsanrge,
t ar get coursecncgjl[or tar e}lt\éel |t¥ C{]ThevgiTM%, net hOdrIerSlt tarqet
preferably uSed as tcﬁep I'mza mét hod and th| s takes"accoumt o
previously d&ftiaeddd nmit Vargles fmnq@,t eram hatgemn ocf:omheetamg@fmdataa.

This is g nongfgeour %'e‘i%c&%'ycubéﬁ' Ak %%mln%d’mEEmee@Eé n &1%11

differences are forned fromthe neasured and the 35 esti mate beari ng
angl es. The EURIIethesélpedd mp@nghe d’eflpérléﬂce‘?s?mW%Iht%r X, VY.

wei ghted i n xareyamy, e thersauases 1 ef d&iﬁseegtii@t@aceﬁ) £ Be OlCTRMRE

then iterativel i ni.m zed. Wen, r edet e ed error |m'l¥t IS
roached,  ChdloTioto BRYER. (STt 1t REAPRTR 2% 2108l (& Re
beari ng anglvhidit fexencksté h@osptlmzeﬂosothél oarpsti Mdiccateedt ias tichie
best sohytian Pycgﬁsgﬁe%sve C{ %85180’5%90%%0 ?}_(O’li\{é’t Vi }JQg for
current target dat a a ‘L'al’ range, targ course and/ or a
target vel ocilty tcarodte cﬁ@t@rdﬁmﬂe@gﬂmﬁn Qm@mﬂi@h rongonents XO YO
and the velocity conponents VX, VI, However, the invention is not
restricted to the CTMA method. O her op tinization nethods are al so
feasi bl e, WHTEHERFEUFat BafEsiit (Pr%ssf%%lec hed t &F Getde r SRPBs I Rattdd THo
X-Y conponenirsseadnitstiakeoaceountyiekll ividgetaldigss f ovhibe tangetesddta
during Ege(¥§£rg£§%éfgl réggge of very noisy received signals, the
solution  space of the CTMA method is sensibly
restricted for the estimated target data by defining
limit wvalues for the target data. In this case, each
target data item is in each case assigned a maximum and
20 a minimum limit value. For example, limit values for a
minimum and a maximum possible target range, an
approaching or departing course, and values for a
minimum and a maximum possible target velocity are
defined for a target range, a target course and a
25 target velocity. These values are dependent on the
technical specifications of the sonar installation and
of the target. For example, the 1limit wvalue for the
maximum range 1is the maximum range of the sonar
receiving installation, and the limit wvalue for the
30 maximum velocity i1s, for example, the maximum velocity

of high-speed boats or torpedoes.

An operator can enter these limit wvalues for the target
data manually, or else +the 1limit wvalues can be
30 determined from the assumed range of the sensor that
produces the bearing angles, or the geographic
characteristics. Constraints for position components
and velocity components are determined from these

predetermined limit wvalues, and are then used as the



In order to make it possible to exclude fromthe start unrealistic or
illogical target data, which can result 15 for exanpl e because of
very noisy,received signals, the solution space of the CTMA nethod is
sensi bly réstricted for the estimated t&rget data by defining linmit
val ues for the target data. In this case, each target data itemis in

each case as¥ A nERFAOATARE 26 &0 MGimi 19 ¢ 1 valGetapget - 1o
exanpl e, I|rndnS@wméﬁcéproalmlﬁ%@ﬁﬁ@mﬂm@ Xl Muepessible tahgeble

range, an app roachl or arting course, nd value for a_m.ni m
and a maxi mim pOSS|ggel?%r§§ belocpﬁf are |n%ﬁg?§f atfayeefcn%y
range, a targel cobussecandse ZaaxﬂxﬂﬂrQQuqmdtylnﬂhesehealueeraﬁeve

dependent on. {hg,2echnical s §C|fications of the sonar installation

and of the target. For ‘exanple, the |imt value for the naxi numrange
i s the maxi num range of the sonar receiving installation, and the

limt value }f&ﬁexﬁé}.@ 30t maxi mePsvehecidy ﬂ@efgﬁcexmtey thesaaxicmem
vel ocity of hi sgeﬁd boats or torpe An operat or . g ent er
ﬁ%s 7

these limt FEE het AFYEL “Gat OrFan?fé“’i‘W Cortkl éé & ARt Y
val ues can hesS3bmaeket Eoni ned fdmmaémﬁssumdgteangmao:f tie senget tilzat

produces ot he rPe%%F”9@5%%£§%1n§ncﬁnﬁmgﬁoﬁﬁéﬁ Cﬁéraf Fg&s%%%%cted

Constrai nts or posli ents and veé mponent s ar
det er mi ned fHQWﬁ\te?meapl’C@d@f%ér mated foni exmp&es b@ndorare ﬁﬁeﬁr@ee@

as the - COJE@%SbéﬁinﬁsgﬂﬂﬁéIHh&ﬁ WH@HpQﬂﬂé(thgeﬂhﬁo%a%ﬁ%kgesn
consequence, _only phy S|cal and technically sensible data relating

to the rangé@ﬂm etdﬁ&@@ i $R2 ocitty EhdPYENS0aHey i"§'STht + bddeed

into the |teﬂlaﬁswedéteetteaatlmweeeae d—d@m\her,opﬁlmez@@selobhmb@
have in rrectly chos he m.t val ues i.n adv For exa e, it
o Fr equant |5 B stHedC i TRENEBLFETdr B 1l Rt e CREVFAPBer ™l
10 on an apprtoachergueddryse aderedt | soflutsondetert edheHowewers aof

target may, for, eXarn eqcbengn A denartingocounse.hehi nd,an Jsland,

When this t get now "ener ges els sha ow, It IS noving
away when i tSRa&CEirs$ dé?éé?é@onﬁhp§lwea&§%ﬁi%QRﬁimnbh1zéhesoﬂaﬂﬁén
15 fromt he {GhNVAdret hod never being able to converge with the
actuallg correct solution on the basis of previously defined limt
val ues, Because the sol ution space is correspondingly restricted by
the limt vaamwscding to the invention, an error handling process

is advantageously carried out for identification and
correction of incorrect limit wvalues. The error
handling process first of all includes a plausibility
25 test for identification of incorrect 1limit values.
Then, either the correctly -assumed target data 1is
determined from the optimized solution of the CTMA
method in the situation in which there is no incorrect
limit wvalue, or else, one, a plurality or all of the
30 limit values are changed using predetermined rules by
means of a correction module, and the CTMA method and
the error handling process are carried out again,
taking account of the previously changed limit wvalues
for determination of new temporary target data for the
35 situation in which there is at least one incorrect
limit wvalue. The advantage of the method according to
the invention is that incorrectly chosen limit values
can be identified and corrected by means of the error

handling process.



20 According to the invention, an error handling process is

advant ageously carried out for identification and correction of
incorrect Limt values. The error handling process first of all
includes a'plausibility 25 test for i dehtT fication of incorrect |init
val ues. Then, either the correctly assuned target data is determ ned
fromthe opti m zed solution of the CTMA nethod in the situation in
whi ch there irs nmd ngorafectrdd mdmbt:aizmegntor ol seheonénvaenmpliwmgl i tyreor
all of the 30/t val ugafjmoﬁgﬁngsg NG, Pradahielm ned ikules By
means of a correction nodul'e, an the nmet ho the error

handl i ng pr dtswdr e reaerired ou® dgai hhet aﬂ@hlgomr@@umew fRe a TMA

previousky changed |idmjsy@l ussqbesrdeter ghnabkoniobanewat erneray,
target data for the. 35 situation in which there is at [ east one

i ncorrect |ifmamvarbel fHétQWaﬁteg@’é’ré‘fryt H@?ﬁﬁ%o@%@:cé?d@ﬁ&etrﬁupﬁ@
i nvention isfdhat Iﬂ’H:zﬂjeftECﬁrb}flgéhOSzentblr@b'ﬂ: Ve uese C@Ehdb@rl deenttlafﬁg%d

and corrected b ans_ of he error dI|n

preferred enbo 0‘}/ r%{ o%ntﬁ Vet on ?hg %&5‘&%&% ajdtd]i?r? o%g e

steps. A furttalrte;re‘a)pt wmlr_cat i DR meid@bdasr eflee r ddhsties | y‘iO_thetH@I I wit mgrm

text asig TMAG.aptdod, pis URed 4n deiariae 30 opbigigededMis che
from jet “da or

solutlon her tenporary tar ta 1s determ ned
a target rarfgEing asgy gr@fmcéﬁ?“éél@ﬁd/ br c& get MSBcFeyried eHfsto

case, the esidumingithdPamididl ofnd heahss 88ty M@t@@t' 8adsedsagithen a
basis for the mninum 10 determ ned by the T net hod, |s determ ned

as the optim&Zetd A SBRGEI JHIA ch@cl?quert ¥arfifedt ittt galues.
determ ne vvhzeimetthiehepUeppeear Y hieardyete aitreed stavmpdiranr@a sakgtionata

space which g 88r\r/1§a g%, tt'he 'r%goﬁé esdeffﬁ éh' %me%r POSEucd N1y
det erm ned te orary arge data I'S npare previ ousTly
defined i mtthml gese, | nthhi sléase, tf@éuebqs mmayalhﬁese mpE eray enyeerd

entered manyal] s 0y, a&}géra%r may, haye, been det erm ned framshe
geogr aphi ¢ charact erl S%/I CS. The inventjon has identified that, as

soon as the TV réteh GEP ML RIB 2 rTRHEARF e Bi6T GO which is within the
sol ution space covered by the predetermned |limt values, this TMA

luti ds to the CT 10 Ho the CTMA

S SR
ererore par satl & Oorotw COpawr e

sol ution Wpt§b1 dd myégf val ues, Of tJQ a VAL agkﬁd@"ﬂ!egﬁlhédderll}ﬁ%‘ﬂ

fromthe limt valUes, in order to detefnine wh i'S necessary
to carry outvalhe GTMATEG mBod Solmtdioder a0 reff@sRdfhettiver thise VKA

sol ution or detimor afywdeeget data icamal t hidr$0l Ubhanr-8pachore
whi ch 25 computation power than the TMA method. It is therefore
particularly advantageous to first of all compare the
TMA solution with the limit values, or with a variable
which i1s derived from the 1limit wvalues, in order to
determine whether it is necessary to carry out the CTMA

30 method.

In order to check whether the TMA solution or the
temporary target data is within a solution space which
is covered by the limit values, the determined
35 temporary target data 1s compared with the limit
values. If no temporary target data item is outside the
solution space covered by the limit wvalues, or a
variable derived from the limit wvalues, the TMA

solution 1is output and/or the target data which has



is covered by the imt values, the determ ned 35 tenporary target
data is conpared with the limt values. If no tenporary target data
itemis outside the solution space covered by the limt values, or a
vari abl e derived fromthe Iinit value§' the TMA solution is output
and/ or the target data whi etermined fromth VA
201 Ut on and 39T ASTHE T nERaD te Ty SereHEPE Shndseroorpeg HY

| east one tewpararyedargetgedatdatidemis 5 outside the sol ution space
covered by the limt values, the CTMA nethod is carried out for
estimation of the position of the target, with the CTMA nethod taking
account of pPrEEGwIsI ylﬁeﬁtnééaﬁtmome\/ailqmsommt hieaeset ndeFaniprbcéss.

Fur t her ngr e, ithe; &f rafe haddh¢ Nen 19p£)&@08§§e§§8059' Rget Qﬂrmﬁ% kr'a\l%"éts' on
for identifi catl on and correction of incorrect limt values is

carried out.th& GTHhr MR&RA5h ef Br FEG TRBod Hent O6f Gt matveht i oh, the1s
conver gence gddtec iofn t be Tivke metho@ i, s \detEI‘ MHedCTAR tinecisddr tadfinghe
track, the o tlﬁl%@tlo ”%%Qp%déi 11&% (foqyerqgncelphase and,the
after the convergence ime, s po§i convergence phase.” The
pr e- conver geEe phass! | s>rm®smgU|E3m¢aanﬂmt itheor eecor npanddang

20 resuhps gﬂ&égsersewawg Qs peLng %hecrl n”eﬁofnl%l%?ltﬂﬂ% t%%%%%h”g

cycle, alth h they have the sanme probability. For_ exanple,

sol ution th&§K¥IG@ﬁﬁ&?ééoﬁetQéeﬂléﬁnéﬁﬁﬁbaéﬁﬂﬁé aﬁ@lﬁeﬁeﬂé?tpﬁérled
target coursg;tuntil the convergence time is reached, 25 and a stable
solution occurs. During this phase, it is difficult to identify
incorrectly chosen |imt values. The error handling process for

i dentificatilon anduectheectgratafrddicanbedimént bifvalluesinsetheoef one

advant ageous o] nl r e ggnce as
been reggheékxpéﬁéi (it E%m?nﬁé%?%%% %%Q*.ﬁ%ﬁ%?@i_ %gf %ﬁe d%erator
often has addviliﬁﬁﬂt|QﬁcﬁmmltbmcbboUhethéti@ﬁgétiomhéﬁéthelslnntﬁe

si tuation ingwhichhddheyetMA BLH0d b, after the convergence time,

it is in a post-convergence phase. The pre-convergence
phase 1s distinguished in that incorrect input data
20 results in different solutions being determined in each
processing cycle, although they have the same
probability. For example, the TMA solution thus
fluctuates between an approaching and a departing
target course until the convergence time is reached,
25 and a stable solution occurs. During this phase, it is
difficult to identify incorrectly chosen limit wvalues.
The error handling process for i1dentification and
correction of incorrect limit wvalues is therefore
advantageously carried out only after the convergence

30 time has been reached.

However, the invention has identified that the operator
often has additional information about the target.
Therefore, in the situation in which the CTMA method is
35 carried out, the solution of the CTMA method and/or the
temporary target data which was determined from the
CTMA solution 1s output within the pre-convergence
phase, that is to say before the convergence time is

reached, without any previous error handling process.



35 carried out, the solution of the CTMA net hod and/or the tenporary
target data which was determ ned fromthe CTMA solution is output
within the,pre-convergence phase, that is to say before the
convergencé time is reached, without éh?'brevious error handling
process. -9 The convergence tine is preferably determ ned by neans
of a convergence phase detector using a value for a range of
confidence (IRQC)cohvéhgeddA nétnhod.s Thiesfamdhiley Sdésexal med abgd merom

t he previous. esti h revi essi cyc f VA
ot hod. - The OV aT U S et oPLBFE. det v fed riad the Srdndardt
devi ati on oframne t&f geenkigecet &kPAYy aécbbat TYR meEhedt i ARed vEabget
posi tionsand 4 he 0wy 1RAd | @Romlhk8e 10, RO ¥ak Ut disi dreds Campal edne
with a predeternined threshold value. 1f the ROC val ue reaches this
threshol d vy He BHNTEFFeRte Pirass dvh ebbBr THEf iMd dhe The ROC
convergence #dime: Aibi gbrBEErudliye atettdrgnisicart ofom tthek istidincatres
an unstabl e o‘;iua'{ti on. é%t ern, A Qu;_]bg 11:5<31n0fe prgcgfgi ng ¢ %Inecsr\;(&)% I;Cple
TMA net hod, the SolUti on scarce?ygc angeé’dt af 17" and 51w val'ue
initiates thesposttabniergenceophiaseon Aeodr dilng tona desithieen. This
enbodi mept  gfod he L pyent i an, 20 dsnpardd cularhy advantageaus,ithe

d
visually output the CTMA solution to the operator, together with the
previously defisP1d ni Yavafues Ifuntfret hBOEonverigéncered@eds this

[ﬁached. { n tqmﬁfrndbllca ad#py% ,gse%@f ct:bitaeeaggh&éO@a%ﬁbnté_@rtg@tb?n defriiel s
e operat or, possi as abou e target, e olutio

b epr boeosed T GIAFRTEETGE vf oieh Phdi e oparins Santiel F ERREt A
the sol utiome israckesntfcetesneor rectdaplchosenitiont Afteesa Romber
exanpl e, -t he_ou n_he ced.i u jcal rm i :
criticaF5vafﬁgs£ggée%%?E§dngggﬁsC§F03¥?3P§¥Aeg§§%¥ﬁ? i%ﬁ%%gggpgagﬁ
gr aphi ¢ out pitardealpathdesarah plan posi td obow ndP€avet ue PR tpkgeSOf

the target datapdscldkpmspdfeasible . in which the limt values are
al so displayed. In this case, it is particularly advantageous to be

able to change 35 incorrect limt values manually by neans of an

i nput devi ceacodddiiy at Pr ace€ssithg re el diaeieldt thdO0inpkausohi | ity
t est fogoidentific tioq_oﬁ»inc rrect limt values. T CTM% n%{hgge
produce§’a soi ufPSm W R Vs &t RERERESr et ef i Y | TR ubd!s
This is thatCB@ uts@nitwhirch tor respondsetratbhe gkbobatharni wukhwi thien
5 the sol ut ian..space over edeby e ! Iviliaal Uete i1 f ehbe bW gence
sol ution does not match the actual target data, because the 7t

val ues wer e Icissent § ncoerekefly, €hi s F&Fradvient ajebrisl yupe defer ffed

by neans of dfe vesidue; festmandber wvhhenedge t@sdrator possibly has
25 about the target, the CTMA solution is preprocessed in
graphic form such that the operator can tell whether

the solution is a result of incorrectly chosen limit
values. For example, the output can be produced in
numerical form, in which the c¢critical values are marked

30 in colour, for example, in a table. A graphic output,
in particular a plan position indicator (PPI) plot of

the target data, i1s likewise feasible, in which the
limit wvalues are also displayed. In this case, it 1is
particularly advantageous to Dbe able to change

35 incorrect limit wvalues manually by means of an input

device, within a processing cycle, as well.

In a further embodiment of the invention, a residue

test and/or an edge test are/is carried out for the



10 According to a further advantageous enbodi nent of the invention, a
residue factor is determned for the residue test. Using at |east two
optim zation methods, in particular the TMA method and the CTMA
met hod, thé 15 residue factor is deterni%ed fromthe respectlve

sol uti ons of he m zation tho s calculated fr
Sum of the PLUvHI shastor oS nel Ght SdentEaharESOBT CEnd AR P ended For
the esti nat (—:«daheaau nghangl B amdthod tdedssoci at e Invedsur edhbelar iig

20 angles, angd s s tAEDCOMDALRA.W {11, AL Last onespegdef er ingd

t hr eshol d va eS| rea es or excee t he” maxi mu
t hreshol d vafmleutx% mea@snb@rr@yp@@@@ Fdehhef pésban maadmac twiltibn

val ue. Fygrt hﬁ{émégluﬁbénpE@Hébb'cb'v%)febe%ty '@%tlixh?@ @Qlaés' nqgr rt%"et
limt value if further predeterm ned thréshold val ues, gre erab

| ower than thei F’@tluFPlP@stfH?eoe vBPhe Mafrd r BAgh&F o1 lexteEdet |dr*'f‘t.‘t§1
plurality ofpstocesstie pm@ess;larlgle@y@l@ﬁe o&hao@@n ophtBirzatitog, metied.

30 Accordin to a %]‘lf.ll’rtl her adv eou§ ﬁ rrg of the |nver%t| on,.
the limt vafies Andt ?a%e?/%?l%bl ¢ ei“ElH% |v83 f 6 the i mitt
val ues, in patidud arest atred/omi theyaddes,taste/is conpared with the
CTMA sokytion 35 for the edge test. The limt values for the target

range, the target course and the target velocity are each defined as
a m ni num valYE @ Raxismubvveiee, advanspgcesnv R MiHi nost &l

limt val Ueslﬁ\ﬁér@tlsé@-te yectai fird XGEactQr VXs Vet drmitics aase, tXQ
YO denote the t OSi |on at the start of the track, and L, VY
denot e t he vree?%c%i% gﬁo At89~% Heeatsaq' get® ?Héég‘lg?ﬁﬂ@nl Fﬁtﬂ\%ds'
val ues can iim tpantbeutenvehkedMrackethod and the CTMA method, the
15 residue factor 1s determined from the respective
solutions of the optimization methods. This is
calculated from the sum of the - advantageously
weighted - squares of the differences for the estimated
bearing angles and for the associated measured bearing
20 angles, and this is then compared with at least one
predetermined threshold wvalue. If the residue factor
reaches or exceeds the maximum threshold wvalue, the
plausibility test identifies an incorrect 1limit value.
Furthermore, the plausibility test identifies an
25 incorrect limit value if further predetermined
threshold wvalues, preferably lower than the first
threshold value, are reached or exceeded in a plurality
of successive processing cycles of the optimization
method.
30
According to a further advantageous embodiment of the
invention, the limit wvalues and/or a variable which is
derived from the 1limit wvalues, in particular state
limit wvalues, are/is compared with the CTMA solution
35 for the edge test. The 1limit wvalues for the target
range, the target course and the target velocity are
each defined as a minimum value and a maximum value,
and are converted within state 1imit values to a state

vector p=[X0, YO0, VX, VY]. In this case, X0, Y0 denote



5 toreal effective limt values for the target range, target course
and target velocity, in which case the real effective limt val ues
are normal ly weaker than the defined or entered limt values. 10 Both
the linit Values and the state linmit vallues derived fromthemare
conpared with the solution,of at |east one op zation nmet hod during
t he edge te'l’tr}le b7 ger PPBHLPRr Aitn ?ﬁ% taF g&f 2G5 a?8F ¢ %;
solution is VM tdtmm’ttehltﬂqescxkella)@nt;spmnp@wetrsed)bytrﬁéletéﬁgétm t

val ues, or on its "edge". The test of limt values and state limt

val ues derived fromthem advant ageously inproves the reliability of
this edge t&8tesret doate 201iRukt Nedmese Carotirontyrn heecgrnerttsedl eicdns

of the OQt'WkiaEbgm'H¥ﬂBH%f¥E hh%@%‘%%Eﬁéé“f@?stﬁﬁ9”%§£§¥t0%%nge,
processi ng cycles are taken into account for the edge tes

further enbdditfift 6PUERE idRrentREASTI Wt Ho £Br rwe)dtChi ncodPf el
limt val uesrdyl medmscefivehel Gort echilopsnoghtd e nowhren 161 theskat |east

one incorrect, |imt. value or t _one Iready changed, incorrect
limt val ue i Aageéﬁ Odfeteereg Ja%\ﬁjl%‘? all of 30 the |imt

values is or are changed and/or at |east one associated Iimt val ue

i nt ervaj océgqa et hednbﬂ! t yale 18 £hanged,sand tﬁ%m%mv@%h%%d

and the error process are carried out once again in
current proé%§§ﬂﬁ§ic9%Q% thaRi AgcacEBnatr ook Wﬂﬁﬁwﬂﬁﬁhg§@135lPDnPf at

val ues. Thi s dsst epeat egdtinigachosase twien oe{rllr@a%h@nedg@ceégect in
changed limt yvalue is jdentified ggabn nore than once t he éent
- ar t hit

processi ng &I Ahufferee eFs preferab¥§tu ETOF

pur pose, solution is within this solution space covered by the
15 1limit wvalues, or on 1its "edge”. The test of 1limit
values and state 1limit wvalues derived from them
advantageously improves the reliability of this edge

test method.

20 Furthermore, not only the current solutions of the
optimization method but likewise solutions from
previous processing cycles are taken into account for

the edge test.

25 In a further embodiment of the invention, in order to
correct incorrect limit wvalues Dby means of the
correction module, when either at least one incorrect
limit wvalue or at least one already changed, incorrect
limit wvalue is identified, one, a plurality or all of

30 the limit values 1is or are changed and/or at least one
associated 1limit wvalue interval, which has the limit
value, 1is changed, and the CTMA method and the error
handling process are carried out once again in the
current processing cycle, taking account of the changed

35 limit wvalues. This is repeated 1in each case when at
least one incorrect, changed limit wvalue is identified
again more than once in the current processing cycle. A
numerical variable is preferably used for this purpose,

which determines the number of successive runs of the



whi ch determ nes the nunber of successive runs of the -12- CTMA
met hod and of the error handling process. If the nunerical variable
reaches a predeterm ned threshold value, the CTMA nethod and the
error handPi ng process are carried out™ 44T the current processi ng

cycle with 5 edeterm ned mnj mlimt values. Alternativel e
method for FREEPONaGE (CAr gat® d&F EOF s e S IR A (RS

beari ng anglremma]sctmemtruablae neaaphesessi nyeideamit®drhehreshold

previ ously t in r u ctor fe i
whet her theqﬁaeq%%’]d ?g? g%pgr ?nﬂena |anall1 ?éggee{ra}c)ﬁa allil?égls% agtggoggss
new processiaif cygekreief the eihorthsandhihgnpr oeess siss ngar¢y etk out thn

the current prOeasSiHih &Y Chen Walh 'I'lﬂﬂl'%umalldﬂst Vz@it'&?naﬂvéf'f 1%he
resi due factor exceeds a prevjous|y defined threshold value, this is

an i ndi cati G dtoh |]C9‘Pﬁ3fj¢%?¥%1ﬂ?ﬁ chbsear ¥ hi fatal ﬁ%sStéﬁéeghé’lth
error handl itrg: priegcessehsingr bhgdeoutle @iGenmagAl Nitt aki ngwageoudksahg
the mninmumlimt values in the current processing cycle. If the 20
resi due factcd/rmlls | ow, the nethod for determ nation of target data
is, however, started in a new processing cycle, with the next bearing

angl e MERSUTSIENL e o fyr LS had! HRA ol thedavent gn. anup1y

t ar get manoe e’ carr out the optim zation
particul ar tl%feeft"l"l\m AeEhad, Wh§tbél€er¥hentn%?té&§buﬁ@r Aet aFgena rhABealr e

tine is detergugad dora thi ssparposeinal M@WC?rbhgsgphg%%@lbOBrWQBEOd
starts with the caL3 Ig?tlon of a new target

this case
30 denotes &pdth $PEg@FWnth 18 é1elogd°% \?m%thtq%l € cGHSTSAT
course at ammaﬁﬁMng/eldydlby frarha ptedeter ni hede t ivel ey odf Thae

optim zaLi on.n oﬂ od %ic‘?%o%heex%re' Jall r%%f 'o%%‘i 35 ' md V%h'r’gého?r
cal cul ation oeflt eorlglnal targ Ieg, val ue
defi ned for waluwsul attihgis ofi st hen newcﬁacr:@@:tom eg)f Tﬁllghédfvamnézge@agwy

results in coyss, apdior yelQekt YaﬁﬁaQ%%S Sfrdhenlai 08l g bsingeLaken
into account in the calcul ation of
carried out once agaln taklng account of the minimum

limit wvalues in the current processing cycle. If the
20 residue factor is low, the method for determination of
target data is, however, started in a new processing

cycle, with the next bearing angle measurement.

In a further embodiment of the invention, any target
25 manoeuvre while carrying out the optimization method,
in particular the CTMA method, is taken into account. A
target manoeuvre time is determined for this purpose,
at which the optimization method starts with the
calculation of a new target leg. A leg in this case
30 denotes a path or a stage, which is travelled on with a
constant course at a constant velocity for a

predetermined time period.

The optimization method wuses the originally defined
35 limit wvalues for calculation of the original target
leg, and new limit wvalues are defined for calculation
of the new target leg. This advantageously results in
course and/or velocity changes of the target being

taken into account in the calculation of the



-13- optim zation nmethod. In particular, an estimated final position
of the original target leg is also used in order to derive therefrom
limt values for a range for the start of the newtarget leg. 5 An
alternative enbodi nent of the |nvent| on¥elates to a conput er

rogram in rticular to a_£o r oduct .

Br ogr am cgdecp%m?]érlﬁlszu&f%]rorba??y?ﬂ "0 F tﬁ%etq%ect ’ac%%rﬁisﬁhm‘?gegh}mal

i nvention whers tthieopr ogr amhdd O oirs grima lont argonpleer s ale@rrlesmndjnng
conputation Lin Vén ngedBE %a%g%%r%a’l%n&ac“ P8 L or ed, on Q%ge for

storage nedi a can e rea a confut er, 1n which case suitable
dat a st or age-hfedi @@ fayebethg d?fe"éxfa%ﬁiﬁ%t ¢%ppy di sks, hard di sks,
flash nmegory, EPROVs, CDs, 15 DVDs etc. is also possible to

downl oad a program vi a conputer petworks, articular the Internet,
Intranet, et ﬁ?%tja%‘?/a?f?%%b‘ﬁ n%n‘BEdF{P@ E§V8f1tf~ﬁﬁ FRvehtPon 2@

resul t fromdda@lﬂemenpleagramal s analr- £ £ om exenpl &ryc@mb@ﬂeﬂemgwiamh
w il be expl\z,ié]ndln oy gtall vmthrefe gence 1o he atta

drawing, in LﬁCt’F "g%lr% Shows “d "SChémati ¢ T11ustrat | 8ﬁr3f‘n9hout
met hod 25pr dde&jun@tlb@@edcmrﬂhegnéph(tdleacwmmgom owhée Eheemptriogmam

Fi gure 2pshows a,gchematy ccblhg%&atdlon aofcdhes M&@r%% ggﬂc%t%hh

addi tional nethod conponents 30according to one exenp odi ment
of the inveritiidm, Ehﬁurl%r%gg%wcéi%cﬁéﬁﬁﬁl cCFuné&XS oﬁ*éPr@@erQﬁ eRGR

the error hamiﬂange d@é/dlﬁeﬁ ﬂ@ﬁ&ﬁ deceﬁhg be 9@§d35§xé”@bﬁbﬁt@@‘bodhmﬁtlc%f
the i nvention, gure glw%asc hemati ¢ function rV|ew of -t he
aleoft 3)

pl ausi bi | i ty4 eest %Eﬁ}ij%ae di T 13 DrdeexenPPar % ‘afnﬁﬁf?“ﬁflet'he
i nvention, £lbbpy Figake,5 rshoWsdasgshenfita<h f m@mbqunalEm@Msu ewDaf,

the corg Ct'%gmedyée Acepr ding, 1 9,008, eXeB! ALY, e8RAdL™BYL 0Lt e o

i nvention
computer networks, in particular the Internet,

Intranet, etc.

Further advantageous embodiments of the invention
20 result from the dependent claims and from exemplary
embodiments which will be explained in more detail with

reference to the attached drawing, in which:

Figure 1 shows a schematic illustration of the method
25 procedure based on the method according to

the invention,

Figure 2 shows a schematic illustration of the method
procedure with additional method components
30 according to one exemplary embodiment of the

invention,

Figure 3 shows a schematic functional overview of the
error handling device according to one

35 exemplary embodiment of the invention,

Figure 4 shows a schematic functional overview of the
plausibility test module according to one

exemplary embodiment of the invention,



5 Figure 6 showsaschematicillustration of an extension to the

exenpl ary enbodi nrent shown in Figure 2, with a convergence phase
detector. 10 Wien a water craft is preferably noving at a constant
velocity along its own | eg, bearing an‘dl4e‘s to a target are measured
fromthis water craft while the target is assunmed to be noving with a
constant velocity and on a 15 constant course froma first target
position to Bigecon tdig@et posicheontithethearicigplangtesvase of the

determ ned in successiye £SSi I functi of__t
posi tion of 20 the wat €l Crarto A Beciti o of ‘TRS t &7 golol € Suh Rated
from t hese bearing angrexdiamhtarcassoei arehiestinmeaed bearing angl e
is calcukated. An optimzation nmethod is used to iteratively reduce

the sum of the squares of the differences between the neasured and
estimated 25 BEHIG iy aPES over SFEA Gy Il prdeedsity cypdl esa@n
until a predeterm ned @ttéeisddnn kol sthndesshpll arhn &fbddH EEG: S@hudtinon
of the optim zation net hodFi.s det erjm ned.glraom the estinmated position
of the target on which't he" fPHI fum<’s b&sed. Target"datasth P7es€
particular 30 a targetdetangeolR, a target course K and/or a target
velocity,V, is determined fromthis optimzed solution during each
processing cycle. The nethod according to the invention for passive
det er m nat i &3t @ argéerdaitafdssbei rredewpPhyamoariger a% | f enstant

expl ai ned i dmie 3p Aeb@d! 1wkt Byhefliene 40 dd Bu@ ds FbOHr @ akget
shows a schematic illus rgtl on of the nmethod procedure correspongl,ng
to the methGdFactorHthe t b PHe tPATeMRteR. & Hfeeefhfngaroet is
install ati omskunsedistesl b modbngneastr @ beardtghtangd BScit§ oahlieon a

t ar get di rectiaonally sel ective reception of sound waves. whi ch are
em tted?%r sent arnoncm e tar géftr.om'l'e?rpoflaﬁlgt atr%]é e151Iatpaoslls Cat cut“at &d

in a cal cul atdcymdirtiardst mesgist iofn.an

The bearing angles are determined 1in successive
processing cycles as a function of the own position of
20 the water craft. A position of the target is estimated
from these bearing angles, and an associated estimated
bearing angle is calculated. An optimization method is
used to iteratively reduce the sum of the squares of
the differences Dbetween the measured and estimated
25 bearing angles over a plurality of processing cycles,
until a predetermined error 1limit is undershot. An
optimized solution of the optimization method is
determined from the estimated position of the target on
which the minimum is based. Target data, in particular
300 a target range R, a target course K and/or a target
velocity V, 1is determined from this optimized solution
during each processing cycle. The method according to
the invention for passive determination of target data
assoclated with a target will be explained in more

35 detail with reference to Figure 1.

Figure 1 shows a schematic illustration of the method
procedure corresponding to the method according to the

invention. A sonar receiving installation 2 is used to



5 optim zation nethod 6, referred to in the following text as the
CTMVA et hod. Beari ng angle differences are forned from esti mated
beari ng angl whi ch are determ ned fromestinmated positions of the
target, measur ed bear i ng angl es, WwHixh are minimzed 10

iteratively. This least square error nethod is ver, only o
boSsibl o MHAF TS et e T O of Thetbar Gatona By FireRbLoRaidds

are |ikew sesef]&&suzb}ee rétép:telcﬁmrcbf]es;ounﬂowaaésonhabbutaréhemtartgelt olrs

normal ly 15 kanCvm 8{“are %t%pveif (?ttlhgrf%e g%tarlys \Aéfe{chlggtgr is

departing and’ or Ween-a and an upper
limt val ue Cafbmle%a:‘ribl elrbet&\ee@ascah@it?&@n knonst i bY| smadupant @éeo@@

to provide this; hnformti %tﬁn%dt hg, CTM¥method 6 fop %{eer%&%wagof

the target 20data. For this pose, the method according to the

i nvention hdsS¥h ?%pﬁbedg\?i\@e H?tfl”t?rd 1 ikf3rA\Rg ueRI L0 By hEARBCEF are
whi ch, for e@e?m&@, IF i Bint \éﬁ\i/&d'i@f&\ﬁ&i ap8h AL AYM @m@:@s% rmm@mm are
tar get range X a tar et cours

(Fhoki it m T SE R PR 8 BRaa Y St et e BEPED, | and.
(1 npVm m mqnéérﬂt)r@nan becenieged mrgaaalsly bylairtoperater, orncanzbe
determ pgd fr gr aphi er e 30
restri C'?g the@és’goé%gl}ﬁegﬁpspaggago aé;]aZsCt: al’é %(lag%t a]%r%ﬁs {}ﬁé%%d
det er mi ned. el owhy erpl @easiibas r@@t@t%@@ndabﬁrméa@téﬁnopf

the CTMA netdind, tﬁ:}o,é@rﬁawedfufﬂﬁé@%ath@s ad-appl 8k 35 feasible.
optim zation meth 6. However, they can also be transferred to other

optim zati on nmet hods whi ch take account of predeterm ned, defined
limt val uessiktd4 ofueshématihoorabtibe baoget wdad acdRrgds Vst aolmally

determ 16- S| nce the I|m can, al.so be ent

i ncorreESI y kon Yhe i ﬁputexcflén\;) %h ?h(ta%%l\)g 2597 bt |lc“?n 4P ?acffn Jtrﬁ% Eva
met hod 6 as d:{m&erwrrmchmdl/ceiac‘fth@rb@egst ngeigchEW g§sphssedenoaanogeror
handling devjge 14 § ]%e? %ﬂﬁ‘q%' G @k, 0 gfect}s@&@ 'S'C%aeczfd

chosen limt val ues is errof han | ce 14,
expl ai ned i kNdre détaills | #THECFDP BN ﬁ@ t@)ﬂ"w@t hthes eﬁ@ﬁ@é“@&lorl

Figure 3, ded degewhethern®fhdd@t ot hege bstabmh gast ofn@d NEREr @etrget
limt v%ue dlaot'a 10

For this purpose, the method according to the invention
has an input device 8 for limit values 10 by means of
which, for example, 1limit wvalues for a minimum and a
25 maximum target range (inpRpin, IinpRmax), & target course
between 0° and 360° (inpKupin, inpKpsx) and a minimum and
a maximum target velocity (inpVmin, 1npVmax) can be
entered manually by an operator, or can be determined
from the geographic characteristics. This sensibly
30 restricts the solution space for the target data R, K,

V to be determined.

The following explanations relate to an application of
the CTMA method, as mentioned initially, as an applied
35 optimization method 6. However, they can also be
transferred to other optimization methods which take
account of predetermined, defined limit wvalues 10 for

estimation of the target data R, K, V to be determined.



When at | east one incorrect limt value 10 is present, one, a
plurality or all of the Ilimt values 10 is or are varied according to
predeterm ped rules within the error handling device 14, and it or
they is orlare 15 transferred as new It values 20 to t he CTIVA
method 6. This onceaaln determnes a CIMA solution 12 jn th

current proc%]srﬁeng E9EI e 1 iHeN NP iURDr et AR t ETUe 28 |§ntered
present, thedesgeic20; dat aci Kmpﬁ/t\l\heﬁhces8aSSh§EdTMQ be laarpectl2i s

det er i ned {0 U0, CTMY SOLURLONG 12,and Lot Fanster ced.f o ata, g

out put and/ or” data ¥ processi ng purposes 0 an ou Jévi ¢
whi ch case tdweclout pst devieé 240 mayp berzodi mwm t devicpart4 cdloar

a plottee, %_d?élﬂflrgﬂl&{ %rﬁfr%%%récocrlo‘ﬂ sug 4l 3% Qf f h%hto%reglet

data R, K, V to be determ ned el se a device for rowdmg
target data RMIE Vefeesa 1[9055“?%1}%/ BEHASt Feamldingnale pretes rn@7thh

device. 30 FKjigur eo@ shpwnsiachurnhhelorexemlary enbede Mest ) owAnwhitekt

addi ti onal netho onents have, been added to the

descri bed a%]\fg" §§|’:r1é:er eF8re§Jc%uﬂ%ngsersgf3ﬁlfjﬁFs ﬁ%gg%no% R
sane functi o:madralmst st dseastr esd tirfomtecth Tiafer enclud s10.
correspopdingly made to 35 the above statements. According to the

exenpl ary enbodinent in Figure 2, the nethod for determ nation of
target data "Hen tado Eapedbl aneor n@winre dtorl iy yYaguoul 0t ws agacatte

-17- optim Z&Hé 0Ny r%tﬂ&%sh/&fyl rst cgh eulat ianuni tnprefanaklsy tontai s a
sinple TMA method 26 for estimation of first tenp orary tar %datg‘&
RTNI A, VA, &hf a’3ktehd2EaPELraSi & A GHIBITIE { hel STV BB

for estimticonr®f hunthengt edporesy 14gr gehddaitta Br Khek |1fs thre are

tenporary target fata l" i resulbts fromthe T
SOIutiOE¥28 é% S er%<§né?hnﬁw f@lvalues 55 to {%e ETMKAmethod
6. This once again determines a CTMA solution 12 in the

current processing cycle.

When no incorrect limit value 10 is present, the target
20 data R, K, V which is assumed to be correct is
determined from the CTMA solution 12 and is transferred
for data output and/or data processing purposes to an
output device 24, in which case the output device 24
may be a display unit, 1in particular a plotter, a
25 printer or a screen, for visual display of the target
data R, K, V to be determined or else a device for
providing the target data R, K, V for a possibly

downstream signal processing device.

30 Figure 2 shows a further exemplary embodiment, in which
additional method components have been added to the
method as described above. The same reference numbers
in this case denote the same functional units, as a
result of which reference is correspondingly made to

35 the above statements.

According to the exemplary embodiment in Figure 2, the
method for determination of target data has two

calculation units for carrying out two separate



10 solution space which is restricted by the predefined limt val ues
10, then the TMA solution 28 would correspond to the CTMA sol ution
12. In the exenplary enbodi nent of the invention shown in 15 Figure
2, the detérm’ ned TMA solution 28 fromthe TMA method 26 is first of
all transferred to a nonitor device 30. The tenporary target data,
Rat, Kna, VARdRtztmided MMt TMA solutitn 2831E d i"ithe
nonitor devigse3Oratbih t henpaedsous y sehphed Tiva t 20 hwad ueg610.fdrf
t he tenporar t dat KT, _VTNA | ithint ol.ution ace
covered by t%seéﬁarqn&tor\galoges}_ ,Stt h%elﬁﬁ(%%%?uﬁapr?e% g%a?’or}y%'e K,
tenporary tafget data Rwapckntl \dalanlddtiemm nedtf comtetins TMee  CTMA
sol utions28 gralds tf apsterdadnfofodata ol puheand/ Qf 29, dat & 5 rget
processing, to an output unit 34 as the target data R, K, which is
assuned to BEdriedt. By way of exanple, the output unit 34 may be a
plotter, a screen or the like for visual display of the target data
R K V. It | |.so feasible for_the target data R K V to 30 be
nmade avai | ab]:f?ss %ﬁ%a%eénpoqra[% outpiitt devd e For éﬂ%‘t hef%i @'E’&ICh
processi ng. Howelies , frbmattheedBHA ope luénpor &% vargettoddia wiemiRnm
K11, 17, sand/ NA i | ut.i o t TMA. 3
i's outS|l et C_tgal%{gl\gl?%i %ﬁgggam%ﬁngéd e;?]ﬁ%éf?&m ?)%va_ues%f%‘,ge!t}%gle%(s
CTMA et hod 6.1t caraters outOi n Blddnt i Bhet oTHAsuBSeytiérn erBor would
handl i ng processe ddondsc &xplai e above: Wit hy 7 eference to Figure 1.
-18-- In the above exenplary enbodi nent as shown in Figure 1, in the
situation in which the error handling process 14 has identified at
| east one i Moorteet ekicrmictl avgl uenddiddrer changed |intdntiadiueshdOnarie,
however, .transferred 5.to t CINA net 6. .1n.the enpl ar
enbodi rr%%t shown i ngFi Shree J%?Cetﬁwmelncﬁrwaéng@ IslorlnuECl\C/’QI U2§S( %Onér }éhe THMA
transferred nerhdie ZWA het Hods26 Pér ahe ditagatficgrdadh whi ch tee igoror
handl i ng progess.J4shas ipdentifijed-at. | Qnegipcorgect Igmt val ue
10. This has the 10 advant age thzgt, when t_ge Iim'a1 val ues 20 Have
been changed!@'c el reee™ the TNA sailution 28 ahw/ eprpagctargethe
data R K Wahiwdy hagvheen det eridmednkhepebtopnand ige @ssddred ika the
correct gan be out pfé ggd E{le CTMA net hog 6 t oget her th %he error
handl i ng’ pr ocEsE915 14 Hot° neeP o7 be CArFPF ddgtﬁa #n R2 he ™
current processiwighdycl éheFi gulet3oshossaacf unctéoedl lowertheewlafnitthe
error handl i i 1 r hdentjf] o] n ect, on
incorrect |im Lge\?%I %gé 1 .nggg’er%%%ﬁg{)l‘él |r2n8gagl %ﬁ:&?g%fgc%eﬁt g%%g%%gtrﬁ
the limt vdlargsetiodand tRensolKitiond/tfur ofrtheminedoptFanzdtliion TMA
met hods. | n i @xEMPs ak e erBodinentre e TNRy sohaitd Oaug%uU amdt/be
TVMA nmet hod 26 as well as the CTMA solution 12 fromthe nmet hod 6
25 data processing, to an output unit 34 as the target
data R, K, V which is assumed to be correct. By way of
example, the output unit 34 may be a plotter, a screen
or the like for visual display of the target data R, K,
V. It is also feasible for the target data R, K, V to
30 be made available by means of the output device 34 for

further signal processing.

However, 1f at least one temporary target data item
Rma, Kma and/or Vqua 1in the TMA solution 28 from the TMA
35 method 26 is outside the solution space bounded by the
limit wvalues 10, the CTMA method 6 is carried out in
addition to a subsequent error handling process 14, as

explained above with reference to Figure 1.



25 are transferred to the error handling device 14. A plausibility
test nodul e 38 checks the limt values 10 for possible errors. The
nmet hod of ;)peration of the plausibility test nodule 38 will be
explained tn nore detail in the foIIovﬁJT‘?g'text with reference to

Figure 304. If the plausibility test nodul e 38 does not .identif n
ncorrect i el 1Mo, SYHE Hrih SBPOR LB 122Fr 5Pt Re LETRASHEENGd. 6

i s output, and/drethettarget tatehR-h3bh& eYrohi bhnbHasnheenocess 14
determ ned fro j sql.ut4 o 2 d.i t o be rre is
output. -1 -a%neg&lﬁr%%kf\%éB%t aleca{(;srt}eglg%n #%8%2%%(;{? dlsl.r&g)ln% V%ﬁu%s%'
transferred the ackengedt ildmivodid Bue®, 20n ansspopgecvor whitehnsherred

correcti gn modulia 49righangesoong, anPLHEALLEYHOE 3l bnBbdatiRent! Bhbwn
val ues 10 according to 5 predeterm ned rul es., The nethod of operation

of the correédti of1HBEGI e 40 Wl b&ESHISH neti MRt nor@ldétai 126 n eke
foll ow ng textandfidrref etenciet M gt€hSd 26ThHed ithd yatuesidl in
whi ch have behe.n changed b ans..of 10 the correction ngdul e_40 ar%

TR hare £ :

O nEROr GFEOZy Al b e F PTPRE T edfh 12T hEaror hbHed

out put, and ‘are
procedure. Heapate 4stoowsirecdmrctt onadlmidvemalew ofl t.he Thispl aasi bithiet y
test modyl e 38, W Lh has.a residue dest ;1 moduhg.42 andan.edg

test nodul e 44afor ﬁenﬁfi'cat?on grf ?nc&rrect lF‘:’ln‘iet val ues 160. %ﬁg

resi due t estChidHifie B2 BentdAfucsly e elVBs scHetEPUA £l @i 6ns the

fromthe CTMAmRithathis Rs melv asi2f hhes FMAnsakubi-pnped8theemrt-be
TMA net hod 26, . from whi chcg resi due factor 8‘5 s determ ned for ea%rel
f .

processi ng &t etBy FREAEDF TG Pssi AUEFFEEt 6P e aPE ulCA P rurttd 46
The resi due dM# anethos detepriched as tirhe:lguodrent bentihénguprotetbe

absp|Ut? re%hﬂ%%?fng? QeédEhﬁﬁié%'crﬁfkgHe%htl%J%hﬂl'iﬁ?fﬂ%“%ﬁkrlg
resi due ?act or is then Cransferred to a comparison uni 8, 1n
whi ch t he réesiahes Siaet srvyQe s

Figure 3 shows a functional overview of the error
handling device 14 for identification and correction of
20 incorrect 1limit wvalues 10. The error handling unit 14
contains both the 1limit wvalues 10 and the solutions
from the two optimization methods. In this exemplary
embodiment, the TMA solution 28 from the TMA method 26
as well as the CTMA solution 12 from the CTMA method 6
25 are transferred to the error handling device 14. A
plausibility test module 38 checks the limit values 10
for possible errors. The method of operation of the
plausibility test module 38 will be explained in more
detail in the following text with reference to Figure
30 4.

If the plausibility test module 38 does not identify
any incorrect limit wvalue 10, the CTMA solution 12 from
the CTMA method 6 1is output, and/or the target data R,
35 K, V which has been determined from this CTMA solution

12 and is assumed to be correct is output.

For the situation in which at least one incorrect limit

value 10 1is identified by means of the plausibility



30 conpared with at | east one predeterm ned threshold value in each
processing cycle. In this case, the conparison unit 48 outputs a
positive error signal 50 if the residue factor Q has exceeded a first
t hreshol d &alue, and/or if the residue ¥4ctor Q has exceeded a 35

second threshol d Vaéﬁi’ mgich is | ower th%?,the first threShO|§h ,
value, in twe Sucd® e pPoceldsiTf RV HhdFSFOF FhEPési the 1S
factor Q hastexcegsered thired ¢dreshiol ¢h vabdaelewiogh i kewebnthbarno
t he second -20-, t S , ] hr i ve _praqcessi .
cyol oo Howdlareh {RaSTaoRn Y B ke Pl BB, SRS Mebal SOt Y
t hree predet@r m redd t hpéshotlde vallugsit | nviedetes anyOdesi¢earding  to

conbi nat sons, afgd 4 gshold valiue commarisons,@nd,© SHECEEShUE of the
processi ng cycles by nmeans of the conparison unit 48 should b

. . ¥ e .
consi dered tPHERE" HenmafdéPoddd. W Lt t Rer fowd 2 it 15é plaudPbEl ideFaldst

nmodul e 38 hasn ath€dgel 1esindogitke Wi of e et efdd nad | PIgefe i Hicorrectly
10 chosen limt values 10. A first edge test 52 checks whether at

| east one tenporary target data item R K and/or V, which has been
det er mi ned fTlom 1hel CTHMALses uR0 onhi2h bagh Asehhehbapget bvamgens of

target ¢gursg and/pp. Lal get m)éék%i b 4% 0&%@%&&8“@!&%%&%
15 sol ution space covered by the |limt val ue . I's I's because
this is ofteWaheakbzefof thr 193 tovathesnaihed eoeh@s@nre ncorrect | y.
By way of exanple, if the true target velocity is 10 knots, the

estimated target velocity is indicated to be 8 knots when the
vel ocity Tgure 4 shows a functional oOvVerview of the

plausibility test module 38, which has a residue test
15 module 42 and an edge test module 44 for identification

of incorrect 1limit wvalues 10.

The residue test module 42 continuously receives the
CTMA solutions 12 from the CTMA method 6, as well as
20 the TMA solutions 28 from the TMA method 26, from which
a residue factor Q 1is determined for each processing
cycle by means of a residue factor calculation unit 46.
The residue factor Q is determined as the quotient of
the sum of the absolute residues:
25
Q = Z IC TMA - residuesl/ Z |T MA — residues

The residue factor Q 1is then <transferred to a
comparison unit 48, in which the residue factor Q 1is
30 compared with at least one predetermined threshold
value 1n each processing cycle. In this case, the
comparison unit 48 outputs a positive error signal 50
if the residue factor Q has exceeded a first threshold
value, and/or 1if the residue factor Q has exceeded a
35 second threshold wvalue, which is lower than the first
threshold wvalue, 1in two successive processing cycles,
and/or 1if the residue factor Q has exceeded a third

threshold wvalue, which is lower than the second



20 limt value is defined to be 2 to 8 knots. In this case, at |east
one estimated target data itemis on the edge of at |least one limt
val ue 10, ?nd the first edge test 52 indicates a positive error
signal 50.!25 In order to achieve greatd reliability for the

determ nation of incorrectly chosen |imt valyes 10, the ,terrporcﬂtry
target data RTSENIADY_hURasiBebnt86t EFATREFF FomTOrE SEER <ol on
12 fromt he KSMyvaet hodeb iirsrdritkesd ses casparechiwiddh o var icahlpgrison

derived 30 fromt it . i cular the state |im.t
o hear 20 A (D L ThECNBLUER: A0y LR-RERE) GBI LENe Pl g Ty
t he basis ofdehersd atenlvectbrops[ X0, tNOesX1dVYRluthe dnipgirt spalsuedlo

are firsg Ofs@ééeé?éjf‘\)’e?rﬁ@@cl:éé’s%&t 8y&%@§tbyah%§ﬁs and t%%e%&r@)ﬁ‘&?%‘é)%r

real 35 effective limt values, in 0order t0 conpare these wt
tenporary tatyet HarERIK P P eHIRER been et rd¢hed FFoPFEHhe CTMA
solution 12. If at |east one tenporary target data itemR K and/or V

oS de qf oL Ng, £d0e 9l the 8ol Hl 90, SPace: coverad bygthe real)
edge test module 44 for determination of incorrectly

10 chosen limit wvalues 10. A first edge test 52 checks
whether at least one temporary target data item R, K
and/or V, which has been determined from the CTMA
solution 12, such as the target range, target course
and/or target velocity, is on the edge or outside the

15 solution space covered by the limit wvalues 10. This is
because this 1s often the case if the limit wvalues 10

are chosen incorrectly. By way of example, 1f the true
target velocity dis 10 knots, the estimated target
velocity 1s indicated to be 8 knots when the velocity

20 limit wvalue is defined to be 2 to 8 knots. In this
case, at least one estimated target data item is on the
edge of at least one limit value 10, and the first edge

test 52 indicates a positive error signal 50.

25 In order to achieve greater reliability for the
determination of incorrectly chosen limit wvalues 10,
the temporary target data R, K, V which has been
determined from the CTMA  solution 12 from the CTMA
method 6 1is likewise compared with a variable derived

30 from the limit values 10, in particular the state limit
values. A second edge test 54 1s therefore preferably
carried out on the basis of the state vector p=[X0, YO,
VX, VY]. The limit wvalues 10 are first of all converted
to state 1limit wvalues, and then to weaker real

35 effective limit wvalues, 1in order to compare these with
the temporary target data R, K, V which has been
determined from the CTMA solution 12. If at least one
temporary target data item R, K and/or V 1is outside or

on the edge of the solution space covered by the real



effective limt values, the second edge test 54 outputs a positive

error signal SO Furthernore, in one special enbodinent, not only is
the 5 terrpﬁrary target data R, K V fromthe current processing cycle
conpared ih the first edge test 52 and/”dr in the second edge test 54

but the histo of, the te target data , V.is o taken
into account® flrg?cﬁfeveer]rld?? ?ﬁ%?’ca %nse?ﬂngrﬁggeﬁe?gdége PHHE
probabi |l ity aofpddie: iedgectest aioghdle 4. maki ng an i ncorrect decision,
a positive error signal 50 is therefore output only if the tenporary
target data R K, V, which has been determined fromthe CITMA sol ution
12, is on thHurdyrwirehelsobng i sipespatecoovdivdnby nhe @8lli At the

val ues 18, arefomnMariable-deryed from these, I imi,valyes %Qm:r'eﬂta
plurality of successive processing cycles of the CTMA net hod 6.

posi tive er MO HdIS §@Cf1?on"?@l’°¥éa%%‘#rpéﬂ sbheufiitrsio g89°f rigia t héz
first edgeldﬁﬁ/&ﬁ @ﬂdth@mnééwh@e@a@d eﬂga;t&&tbﬁé aire: cRlsaded o a

deci si on bl In the situatio i the. si bi tes
ol e 88 hads oPerulreit: TR e By B o LR dot bt Bk 4
say no positdamowrt oin siignatr 50r hadebeehioat pat. 25m nrdachtoasedbye

the compgrisap n%k&béglﬂjég fdef Sﬁhgd%%gteef}[eé@ Abah e %Qlcoxﬂgk%ﬁ%

test 54, the tenporary tar I's output viat
60 as the tamfarifita F@eq@smn,vwach Hos idssieme ¢ e he Sdoredcet 50fré|fh

the CTMVA methd-Ssodd Shesntt oniRdicat endhisnbo rak BOCEQQQ%'@t@ato
nmeans of an output unit 24 For the situation_in

owev t he
pl ausi bi | i tyt €6t YoduleR38 KEED dSHSFHEE Gt W%S‘Fh%ngTMﬁcépﬁBEﬂ
limt val ue 10, tdadnitshd oedqy dhetkenpaliusoanubpbcd48c35eand/ by the

first edge tesh P2 andlor e secopd edge. | esl Shhavelhap, produeed a
_positive error signa 5 al efror signa 21°1§ Ou put via e branch
62 to the cdrimect i oMadodal e YO, fon coareptlvonlotyt heof i msucgalsgeye

10.  -22- Figue s shovs,@ Sunct ignal cayenydawpfg the correction
modul e 40 for correction of incorrect limt values 10. A nunerical

variable z is initialized in the current 5 processing cycle n for an
initial errormd dentidieat enodlshynkhe manﬁﬂ&mltﬁy aedpheid8n Thet
nuTer 03b, Y3 20808 15, P BCEDly r epel L6t e el O. oA deel sty
vari abl e z hakya eaebed 5d Hropredéfetatined val decitdpnexdnplle $he In
val ue 3. the situation in which the plausibility test module 38
has not identified any incorrect 1limit wvalue 10, that
is to say no positive error signal 50 has been output
25 in each case by the comparison unit 48, the first edge
test 52 or the second edge test 54, the temporary
target data R, K, V is output via the branch 60 as the
target data R, K, V, which is assumed to be correct,
from the CTMA method 6, in order to indicate this to an

30 operator by means of an output unit 24.

For the situation in which, however, the plausibility
test module 38 has identified at least one 1incorrect
limit wvalue 10, that is to say the comparison unit 48
35 and/or the first edge test 52 and/or the second edge
test 54 have/has produced a positive error signal 50,
an error signal 41 is output via the branch 62 to the
correction module 40, for correction of the limit

values 10.



S

If the decision block 64 nmakes a positive decision, that is to say
the nunerical variable has reached the value 3, a further decision
bl ock 68 is operated via a 15 branch 66 and checks whet her the
residue factor Q determi ned by the pIdﬁ??bility test nodule 38 is

| ess than or greater than a predeterm ned threshold value. If the
deci sion bl ock 64 nakes a negative decision, 20 that is to say the
nuneri cal variabte Z bsOWSss.Uhamﬁionhﬂnmﬁéivxﬁwonfumh@ tdrrection

activat ed V'ng{?&lbé aESGV\EZQ 0 orden oﬂqo rectleH!L\Aﬁ%] yalyes 10 gThe

only limt ues 1 hareée change ose aSSOC|ated
target data AtenmRrikaand/ariapkraszbden uetéE@éQZbﬁ time phausiugidenty

modul e 38 a%dd@éﬁthbtéfcﬁggﬁ %bﬂ“ﬁ&'9§1£D§1S%E%Bk°&d%%%¥%ﬂ8@6ﬂﬁ@
by the limt value 10 exanple, the targ ran

only estimat®ld t%Ygthéat§%%H§ﬁQM%%ﬂYI|%S§%ﬁ?th%830 gg@e @PW?rlcal
previously defdsnasidinmtigal plﬁef@i_@]byfﬂ it ¥ Nt d nmR@BXiraI@é the A

t ar get range, t.hen onl e | l.ues .i.n an a r ot
target range Hre tHer et%/]o(?cg( alésd(")n tﬁﬁéﬂ ]ﬁjp Ci(?at pg)n
unit 72. 35<ﬂﬁE;kqnwheVQéue$h£0ranﬁexjnmmgedatmabmalh:sm@@srmathed the
predet eq i ”E%é@é‘dé‘ﬂmﬁé aM@l ues, '&ﬂg&f@ &?é ﬂ? m ni mum | i m t

val ues may or exanpl e, a target range of n 0.1to
i npR. =100 kil onetres, a target -23 vel ocity of |anra|n 0.1to

i npV, x=15 nets egnperqsecons and R it apgetn oy se obod NPl AN Li@ion,
i npl cag=360 deqr ees. For exar le, if the estimated target rapge from

the CTMA solutdton*12 P &&Yont %enéﬁﬁélcﬁﬁeﬁqqﬁ§9%9n?a aFgacged the
i nterval forvdlhe tay get fuanger| idepReiion, BIyaRMed is sbetheddsu@b a

t hat th?ﬁestlnat d target | rangeckhen %6g$%apprOX|natelah? ﬁé% cen? e
va

of the sRifted 19 mt vallé interval ec angede?| ues a
t hen once agiitremuppid edyasheew chamidedl 1ty teval veshd@ t38 t he CENK

met hod 6 i n d&iNe, G rent, (008851 r!zg&%%y @cé‘rmir{‘e&dﬂhfé%lcﬁ h&a1ye.

nunerical variable zZ is incremente one. The Irmt values 10
t heref ore cannot be changed indefinitely 15 often in each processing

cycle. For qX@mah@, cﬂéci@forﬁ\umrdd}@| Marﬂaa&l@ 3 reaghesvd heevalsuens,
then a %ﬁan i.s made to the decision b# and the reS|%§e 5
factor ©is CHecked."20°1Y the PEerhte” aX?S?aE)lFs Zgr8at-&° St kR "a 3/
predet er m ned riduteShodidi val uejtt ks iiss qdsisidiied ania nai bathoh @0 very

incorrectly %QP%?QJ'&H qﬁgﬂ %ébi{?$gﬁm§§ 774 is therefore used to
, iC

select mnimmTimt Va are output instead of the
changed limt val ues as new

The only limit values 10 which are changed are those

25 whose associated target data item R, K and/or V has
been detected by the plausibility module 38 as lying on
the edge or outside the solution space covered by the
limit value 10. If, for example, the target range R 1is
the only estimated target data item which lies on the

30 edge of a previously defined limit value interval
[inpRpin, inpRmax] for the target range, then only the
limit wvalues inpRmin and inpRmsx for the target range are
therefore also changed by means of the modification
unit 72.

35
The limit values 10 are changed in small steps within
the predetermined minimum limit wvalues, in which case
the minimum limit wvalues may be, for example, a target

range of inpRpin=0.1 to inpRm»x=100 kilometres, a target



25 limt values 20 in the current processing cycle n. In contrast to
the limt values 10 defined initially, the mnimumlimt values 75
are parti cgl arly weak limt values. 30 However, if the residue factor
Q determ ned by the plausi bi Iity test Todule 38 is |ess than the
predet erm ned t hreshol d val ue, n a change i s_made via the branch
76 fromthe HeciSich Bf odkB 81%6) telhe CQextP Pﬁci§5|n?‘?gtrceﬁ:lgeﬁ+fecé)ﬁlﬂi
the nmet hod accbrai hgryet3bouheei mf_erttmmlﬁﬂlf tet enpkpatBen dkdgtrakget
data is star he X ea e . =24
conver gence Efbergslée&éage%t’or{f;th%t %%E'Qm ar e[ragggggnef.lzén the
opti mi zat i ort &t hoal wisdoprbukecsdi Phekbat eé@Eut tbas, thkt Rough wietlhie

equal_pr gbabi iy, because wof. | negrfect Jnput datan,For example. it
the target i's at 5 a small orlentatlon angle at the sta the

track, the ﬂ\%&%qﬂoﬂu% WP ithes Gt datathst s -‘F?ﬁ“ﬁ‘?aFP?n lies

estimate an appmxm—;tte&q} oCh t YheDespittre oo reed | ynchesenihatt vwahues
10, the CTMA qetho wll also in sone circunstances estinmate a

vel ocity whi'dh S the 10 edge of the solution space covered by the
limt values 10. However, when the TMA nethod 26 reaches its

conver gepce I‘bqémgi_ﬁh'ééiic'ﬁﬁﬁt' ’U%Plt data, ltheﬁa deen Q%hghggﬁ%dw
obtain a sta ution 28.C After°reac eco Ver genceé tine
unambi guous FesifY sChiychel bBLhi Tadupy t2r@eni<ba1¥h€y| %W%u@e‘éhoédée in

test 52, 54.tHd isuthefef %ﬁb@éié@ﬂta%ge@yéléo garrynoutgheienr or the
handl i ng process 14 onI reac t he converg{ence tine. 20 The

exenpl ary eddBfime! d& Ejr‘?‘}‘f)ﬁﬁ gbove WEhSTFeRerendd V5 grﬁlP% 21RES a
convergencevmﬂlam deattectore r&E caddedanmadtt  foer Tchlaslgeu!r p@snel,efasllrtsﬂy
illustr Eed i |g re The canver gen p e det ect
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range of confidence (ROC) of the TMA 30 nethod 26. Until the

convergenceﬁﬁQEQHégﬂéh&mﬁfk%gpre conver gence phase signal 80 is

out put, and a correspondi ng post - convergence phase S|gnal 82 is

out put ce convergence_ti ne een reach g

Cont i denle. (HOMS S tire it oh EheSbabPaCor 565, ByPbeaseeriaedd

val ues fromtpresshousi predoessitigl cyts esoosibhe walnénhadlaﬁ oforwery

exampl e fromihe slandar ddeuiat|on; of fhe,dargel rangg o diis 4 ;

describes the stabfﬁ' y OP % Tkﬁ éolutlo Eg ar s
therefore used to select minimum limit values 75, which
are output instead of the changed limit values as new

25 limit wvalues 20 in the current processing cycle n. In

contrast to the limit values 10 defined initially, the
minimum limit wvalues 75 are particularly weak limit

values.

30 However, if the residue factor Q determined Dby the
plausibility test module 38 is less than  the
predetermined threshold wvalue, then a change is made
via the branch 76 from the decision block 68 to the
next processing cycle n+l, and the method according to

35 the invention for determination of target data is

started using the next bearing angle measurement.

Figure 6 shows a schematic illustration of an extension

to the exemplary embodiment shown in Figure 2, with a



-25- At the start of a track, a high ROC value indicates that the TVA

solution 28 is still unstable, and that the optim zation nethod 26 is

in the presconvergence phase. 5 Since the sonar installation operator

of ten has éddltlonal i nformati on about~4%e target, he can frequently

use this additional informtion to assesg whet her the |limt val ues 10
c

whi ch have DE¥NTHEMETTiRAP9D ASTBEFAG AcofFelt®aréddlsdtadt Ak
incorrect, whesn thepClMAzsblohi onmdé2hbs onmbke e@g@dﬂbethed&&MwMemt
space covere the li val Theref or solutlon
and/ or the t%ﬁ%%?ﬁ?@ taghéPngﬁawﬁ eQV%% %ﬁ abl %%N%E?89nfﬁe3
fromthe CTMMQ@¢£@¢bleQul5date/|§qmnqnﬁmgh©eth@rtM$tharbetlnﬁlat

values 1@ to,t B%a@@ercﬁh%nﬁcapcrlérheaggiét QN Ofc t e pre &inYﬁ%gec'}%%k

phase signal 80. The out put I s advantageously in a su
pr epr ocessed-Ry? aﬁl}%cmﬁéiﬂﬁfi PRug’ il ol naomﬁe%ﬁéﬂé}ﬁéﬁnpésu délﬁttllﬁylly
incorrect ligdtinvatalesanl avedrire20 t&t@l@éﬁt@onvgégpm@@ pm&ecltrly

t hi t uat th t h 10 |

and carri es Ui Thel fB1 hod dGarn1oAT (EF rCibhi PE o Eoliorgdnge’ i
time, the cmmm&genceuﬁ5t@haee detechor EBx&mmmyﬁytwhimm is on the
post - copyer égégee %‘ %’&%‘&%ﬁ“t%rrofo c%xﬁ%ﬁpe%‘%%gtﬂé’sﬁ %ﬁ@"%%%%

phase signal starts t r ocess accor
to the exemﬂQHy enbodlnent shown in Figure 2. 30 All of the features
mentioned in the above description and in the clains can be used both

individually and in any desired conbination with one another,
accor di ng t 314§ T eRt TN T hEME NP8 RREPEN 2P s TEREREFOr-& SnGPIFE rgence
restricted twoinde gesctébedtandpar claalaned fleatave coshi pathensd It

fact, a co |nat|ons of nd| dual at ur ma e consi der ed

have begﬁ dlg%iosed %b ﬁ% 1° kﬁ?ﬁ88 $§% é§£e6e533? %?%a%ggn
of target(ﬁnqn%ézgéﬁcaotamsocuaamblwmbnsanﬂﬁqﬁna whlbabti obitaringdof
a target range (t@enaéaqr%%%ﬁﬁe GK) @agéort@sﬁar@ft uef ociy Y.

from bearing "angl es ( are neasured by neans
arr angenment Qﬁeﬁ%ﬁ%ﬁeb%@ﬁ@HE@ﬂﬁ@U§eﬁ§oﬂ§ﬁﬂye?%ﬁwﬁ#er@éépvlﬁ@ndllng

installati onpdaedty durestiipnalfkyrsel&edhV®y the convergence time.
20 The exemplary embodiment described above with reference
to Figure 2 has a convergence phase detector 78 added

to it for this purpose, as is illustrated in Figure 6.

The convergence phase detector 78 receives the TMA
25 solution 28 from the TMA method 26 and, if available,
the CTMA solution 12 from the CTMA method 6.

The convergence time of the TMA method 26 is determined
by means of a range of confidence (ROC) of the TMA

30 method 26. Until the convergence time 1is reached, a
pre-convergence phase signal 80 is output, and a
corresponding post-convergence phase signal 82 is
output once the convergence ftime has been reached. The
range of confidence (ROC) is determined on the basis of

35 previous estimated values from previous processing
cycles of the TMA method 26, for example from the
standard deviation of the target range. This describes
the stability of the TMA solution 28.



10 reception of sound waves emtted or sent fromthe target, and from
estimated bearing angles, which are determ ned from esti mated
positions gf the target, with bearing an%lie differences fromthe
nmeasur ed bearing angles (4) and the est4tat ed 15 beari ng angl es bei ng
iteratively mnimzed over plurality of processing cycles by neans
of at |east Ac?hetglﬁt i HiZat | 8% rfet FIESBCE‘G) 2 rgFg}Fr G ov?xu?he”’f%-lqa&\ﬁsng
text as a Chivetrethed,TMmndswithian estiiat edipasidnarelofe t hentarugett,
on which th 1.0 i as i det er.ni n as._an optimze
CTMA sol uti %n@l%?lwg]%lttiﬁg t@gn%%csgr %%t a%ggetlmda@ge( Iﬁr%K,CC{)%V,e égr%l%e
with the CTMhawe hod (6) taking account of predeternined linit values
(10) forsthe target data (R K, V) to be determ ned, during the

250pti m zati on process, characterized_ in that - an error handli n%
process (14)Si%%ar FP&d cit"For iBERBiLEREAPTon AT Gt ecPfbRANOf Nas

incorrect |igddiwvadnes (10forwhAikeBnpr agess hashkhe doldaaw nghd0steps:
a) limt values 11}0% are checﬁed for, possihle.errors b% means of a
pl ausi bi | i t y" te&S ol &538Y tar réﬁé B a pPAGSTBI PRy TR PGS

i dentificatiwretdier ncoer éc¢hiki miatl veal uds {H10Jh 3band bpen) iifdeatt ilfeast
one i Nncerre it v is. identifi : o A Lty [
of the ?lbm fatsvah%gslg( i],oﬁ{g%ér%g% a%é%d %is%%]g%%Fggig?gr n%lﬁ%§£$%\%%’s g{?e%
means of a TIpy- CEYAr et iwniemdlle X40pn die t A8IETVE nekdod o)t iend

the error hajgddgcpreeess Hyldrnar e Gard i €41 Q85 agai nThi akkpge acgount
of the changed limit 5 vaJ’< es ézoé for determ nation of new
temporary target HatE® K AN FR§ CPRPREAFKcbArEEt PRkt Rvalfue
(10) is identifhedh thhe optdrm dedeAMiesolfubinonHel )TiA opvllhei GhMA2
met hod ﬁg)lé%éygén%utput together with the limit values 10 to the
operator for the duration of the pre-convergence phase
signal 80. The output 24 is advantageously in a
suitably preprocessed graphic form, thus allowing the
operator to identify incorrect 1limit wvalues 10 even in
20 the pre-convergence phase. In this situation, the
operator changes the 1limit wvalues 10 manually, and

carries out the method again.

After reaching the convergence time, the convergence
25 phase detector 78 <changes to the post-convergence
phase, and outputs a corresponding post-convergence
phase signal 82, which starts the error handling
process 14 according to the exemplary embodiment shown
in Figure 2.
30
All of the features mentioned in the above description
and in the claims can be used both individually and in
any desired combination with one another, according to
the invention. The invention is therefore not
35 restricted to the described and/or claimed feature
combinations. In fact, all combinations of individual

features may be considered to have been disclosed.



10 and/or the target data (R K, V) which has been determ ned from

the CTMA solution (12) and is assunmed to be correct
2. Met hod a?cording to daim1l, characterized in that
additional lly has the following steps: a3®a further o

is output. 15
t he net hod
ptim zation

method (26) is carried out, referred to jn the followng text as a
TMA 20 nmethod, for deternination of $t#3B®r tenporary target data

(Rna, KE4A, VT) from an optinized TMVA solution (28)
(26), with the es te gsition.of t targe
P R e kG paer 198 e

determ ned by ' th S ase eln

of t he TNA nethod
F |num

the optimzed TMA(Bol Bti &n @E@ocuﬁtadnwnt@n@otamyetarg@tpﬁﬂﬁﬂQ&%ﬁﬁ\
KT, Vna) si s conpaggedwibh tet&e a' Mé‘)' Ueé é%ﬂ%;et”c%@ Yor

whet her the t enporary targ

I's wWthin aso UtIOI’]

space which is covefeddsy tWél‘PFhH’ v<é’i uesf(@m) pepid g pyppfepo (4),

tenporary target giatani ke GREBudeH M) mbanlsdeﬁtléh
sol ution space: the TMA solution (28) 1s 35 t put,

egr@dh@bﬂl@nfth%f
and/ or the

target data (R K'@YSTWAPERS hat®'BEen SFES& T n8 f?on??rh%rﬂﬁ@%vdﬂ%n
(28) and is assunEmst@lb@tt@mreth)s dmypunjlfgmtleﬂ&ﬁlyl)|§ekﬁcﬂxuﬁn

one tenperary targgé?ﬁgig&wéf %h Amyg, V%?Q édggt h%déﬁﬁbfiék%

t he sol uti on space:

ed and t

target, and £from estlmated bearing angles, which

are determined from estimated po

sitions of the

target, with bearing angle differences from the

measured bearing angles (4) and

the estimated

15 bearing angles being iteratively minimized over a

plurality of processing cycles by means of at

least one optimization method (6),

referred to in

the following text as a CTMA method, and with an

estimated position of the target,

20 minimum is based, being determined

on which the

as an optimized

CTMA solution (12), from the temporary target data
(R, K, V), and with the CTMA method (6) taking

account of predetermined limit values (10) for the
target data (R, K, V) to be determined, during the

25 optimization process,
characterized in that

- an error handling process (14)

is carried out

for identification and correction of incorrect

limit values (10), which process has the following

30 steps:

a) limit wvalues (10) are checked for possible

errors by means of a plausibility test module

(38) carrying out a plausibility test for

identification of incorrect limit wvalues (10)

35 and

b) 1) if at least one incorrect 1limit wvalue

(10) is identified: one,

a plurality or

all of the limit values (10) are changed

using predetermined rules by means of a



5 handling process (14) for identification and correction of
incorrect limt values (10) is carried out. 3.Mthod according to
Claim2, 1Qcharacterized in that a convergence time of the TMA net hod
(26) is determned, with the CTMA sol ttd%on (12) fromthe CTIVA rrethod
(6) being output for t he S|tuat|on|n whi the MA et hod

carried out until the 15 comrYencd t i @ed a&rﬁjd/&rh QTMA
target data (R K, V) V\/nIChneNﬂ&)cdetQkSr)n neﬂqdronhehe @'Msohlahdoﬁmg

(12) and is assuned to be correct tpu th t evi qusl
carrying out the error han J|Oncgespsr oc 54; (1%15¥M %gﬁb iat e?(&?ea)c‘él aln’

t he convergence tinme of theaikgretdodoy26),of heteer orhhandbi n@lmlt

process ¢14) for identificatdQnand Lorrecd, Ofaiectfeﬂn{l%%rtrl%%t liem e
values (10) is carried out. 25 4. Me& hod according to Claim 3,

characterized in that the CRIPIG ioh 82)0F ront Rhd CTRIA 3R hod ( 6)

and/or the target datig (R # Wo Whirdbhastbeanndet eriined fiiom t he
CTMA solution (12) and is 30,assu d to ge corr.ect a é‘hﬁz\.out& %
visual ly until the convergeln%eéqul FREC &S T HfES h £var-i8s

(10) are changed by means oflan fmamttld@v@tm(lﬂethaﬁ 56Metithodutput,
accordipg to one of the pr eacre%&g Ehgl rf} %Qar(?zg,{grl ﬁedg n \t,?a ndch

residue test (42) and/or an edge test arel/is carfied ou or the
plausibility test (38) for hakentPkeeat @ﬁit&?ﬁmﬁfrﬂﬂ)rréépml i nilte valg¥s

(10). -29- 6. Method accorging tsh O &9 5, a6har agt epszedeln that pa

residue factor (Q is
correct is output.

15 2. Method according to Claim 1,

characterized in that

the method additionally has the following steps:

a) a further optimization method (26) 1is carried
out, referred to in the following text as a TMA

20 method, for determination of further temporary
target data (Rema, Kra, Vma) from an optimized
TMA solution (28) of the TMA method (26), with
the estimated position of the target, on which
the minimum determined by the TMA method (26)

25 is based, being determined as the optimized TMA
solution (28),

b) this temporary target data (Rma, Xmm, Vmm) 18
compared with the limit values (10) in order to
check whether the temporary target data (Rrwa,

30 Kma, Voua) 1s within a solution space which is
covered by the limit wvalues (10), and

c) 1) 1if no temporary target data item (Rowas

Kemas  Voua) is identified outside the
solution space: the TMA solution (28) is
35 output, and/or the target data (R, K, V)
which has been determined from the TMA
solution (28) and 1s assumed to be

correct is output, and



determ ned for the residue test (42), with the 5 residue factor (Q
bei ng determ ned fromthe respective solutions of the optim zation
nmet hods using at | east two optim zation nethods, in particular a TVMA
met hod (26J and a CTMVA nethod (6), and%ith the residue factor (Q
being 10 conpared with a st .on redeterm ned threshold valu
Cdenti fication of |ricbkrectil; Mty JaRHGe {X0) EEPPORBE RO AEERE di
Claim5 or 6, 15characteri zedemn tRak,; fd&nd:he egdge teést @@éhthdhed
identification of incorrect % S t. v es

and/ or a variable which is cﬁ%%@éﬁi?ﬁ%ﬁ%t%g{qtléi] %ﬁé@e %!% dEMQ
particular state restricti gmsthad af@/lsl%on%EﬁQRPQMtﬂﬁdlu?hgTM@rror
sol utions(12) fromthe Cﬂw%éﬁﬂi%ﬂb(@i@cégg/Qﬁ4§h%oEeGE%%%Efﬂ6§ﬂ%Hn
data (R, K, V) which has been_obtained fromthe CTMA soluytion (12).

25 8. Met hod according to oﬁ%“%fC?ﬁ%e%Fé%%dPﬁg18F8Fﬁ§0tcﬁépé5t@ﬁ%ﬂﬁf
in that the correction of the) ncoreéectiddmatval ues (10) by nmeans of
the correction nodule (40) has the follow ng steps: 30a) when either
at |east one incorrect |limt value (10) or an incorrect, changed
limt value I20) Nethatmddosdinpne; @lplurality or all of the limt
val ues 0; 20) t |n1t val ue interval which has

t he |Iﬂ$§ val ue 35 %%Fé%k) %felﬁgggﬁé and the CTMA net hod (6)
and the error haﬁHHQR?WﬁQ%%§§3(I4¥EHr@ cth?edm%%tI@ﬁé@“&gd%ﬁlnﬂﬁhe

cgg r eg; \% ocestSI lrtge@ét/ﬁﬁﬁhed akwmghamﬂémz&dtquu%[i@ﬂgle@lzl ) rzrgkomaltm@s
- en a one inc e changed | i val ue

i dentified agaln(%@@%dm%3 P ?éé %F&@q éﬁﬁ??nﬁ%%n? ﬁr86é§§{ﬁ§n in
cycle, c) whenzﬂwﬂfmmttMEKETmmoméEEbd ¢Bandgedchirmiitd5 ouvalme i(12Ghd S

| dent[ {180 agal n. AL AL L. Stam ) Jhas been garried ot @, P WALy

of tinmes, the CT the error hdl r ocess (
carried out agalntﬂﬁith@,cﬁrrﬁhtW&ﬂ@éesgimg@@&%t@ln¢®kfngmaéb@uﬁﬂmﬁﬁ

solution (12) and is assumed to be correct 1is

for

output without previously carrying out the error
handling process (14), and

20 after reaching the convergence time of the TMA
method (26), the error handling process (14) for
identification and correction of incorrect 1limit

values (10) is carried out.

25 4. Method according to Claim 3,
characterized in that
the CTMA solution (12) from the CTMA method (6)
and/or the target data (R, K, V) which has been
determined from the CTMA solution (12) and is
30 assumed to be correct are/is output visually until
the convergence time is reached, and the 1limit
values (10) are changed by means of an input

device (8).

35 5. Method according to one of the preceding clains,
characterized in that
a residue test (42) and/or an edge test (44)
are/is carried out for the plausibility test (38)

for identification of incorrect limit wvalues (10).



10predetermned mnimumlimt values, or the CITMA nethod (6) and the
error handling process (14) are carried out again in the next
processi ng,cycle, wth bearing angl es (()?;1% bei ng

maasuredag!ii n, andt aki ngaccount of 15predetermned Iimt values (10).

9. Met hod according to one of the preceding clains, characterized in
that a target manoeuvre while carrying out the CTMA 20 nethod (6) is
taken into a@:coun\nettryocﬁ Imc@ﬂ&r\ﬁm@tttmd:l@)mcal culating two target

legs, with the or arge t%fﬂéd %ﬁuﬁajco) bel,g l&g#enﬂ%{e?ngcg@unt

for the original eg, mew | i ues finéd
for the new targeletegnimsd 1@&?paﬁét?usr¢®¥d1{ﬁas§le\ﬁei deétér mi nattilon téfe

target data (R JesMudasspgiated h BetafgehetbRrRAEH CYlal Of 1R
target range (R), a target course and/or a target velocity %é}ﬁi

from bearing angl@SRIFELIBR) SOMtAR EarC be theasti B b33 Fedhs m@ft
arrangenent of wai€indorae sovadtsens@ S @@tﬂnﬁ@@ﬁioxﬁecmbvhags, in

installati 2) by d t I | ect t f

em tted or sent U L6 thr got NAnATION obeh habHll o “beaThg NSt es,
whi ch 35 can be determaneéd fvicm esthematessjpbsd t | Hastof t He) tametn,g
wi th beapi ng angl nggtafﬁee& epces Lromthe %@SPE%@eQ%QHlﬂgda% 23tk

and the estlmate arin berng iterativel imzed over a
plurality of proc‘éasls‘iehgf@yclr%%nbyfh‘éﬁhkoﬁfOét lnCQIreICéaétlméﬁe values
optim zation nethochy(6), referred to in the following text as a CTVA
met hod, and with an estimated position of the target, on which the
mnimumis based, can be determ ned as an 5 optim zed CTMA sol ution
(12), fromthe tmmﬁdmwn@laﬁc& CRik, 5\ @nd with the CTMA
met hod (6) can be,taken into acc of predetermined limt values
(10) foggt he targ}}aa"E e]ilF%e?i q%o ‘be determ ned, during the
optim zation process, ‘qma 1Gysdoret i (ﬂﬂ%tr f@rd ) carfrop nqd@mttlaflmth@dl of

according to Onefﬁcé;fgégsﬂiﬁf&gvalues (10), the limit values (10)

and/or a variable which 1s derived from the limit
values (10), in particular state restrictions,

20 are/is compared with the CTMA solution (12) from
the CTMA method (6), and/or the temporary target
data (R, K, V) which has been obtained from the
CTMA solution (12).

25 8. Method according to one of the preceding claims,
characterized in that
the correction of the incorrect limit wvalues (10)
by means of the correction module (40) has the
following steps:

30 a) when either at least one incorrect limit value
(10) or an incorrect, changed limit value (20)
is identified, one, a plurality or all of the
limit wvalues (10; 20) and/or an associlated
limit wvalue interval which has the 1limit value

35 (10; 20) are/is changed, and the CTMA method
(6) and the error handling process (14) are
carried out once again in the current
processing cycle, taking account of the changed

limit wvalues,



characterized by an error handling device (14) which is designed to
identify and to correct incorrect limt values 15 (10), with the
error handling device (14) having a plausibility test nodule (38) and
a correction modul e (40), the plausibi13%y test nodul e(38), which is
designed to identify incorrect limt val ues (1%) 20the correcti,on

modul e (40), whi oW i"E'Yesidined 45 cort¥et FCETEdy | IChPRogs) uddmit
(10), and an out put 1&&&6(24&)fOnsouﬁﬁuhtuﬁgeﬁhea@@imn1ZﬂdﬂCTMA is

solution (12) fromthe CINA ne (6 or for outputti t he
target data (R K, \5e%ﬁ?t?9canqggi J%ﬁﬁ F i ned Trom t %%W%
solution (12) andch svtassured ﬂ&%bé:caﬁmchJmﬁunxxhe snh@mga@1|lnmit
whi ch nosgincorrect I4dm fo V@é@?slélq)de%%ﬁﬂ%d dentd | eQn@ya@?éE?S s‘%fep

the plausibility test nodule 11Appar atus dccording to Oaim
10, characterlzed|rﬁkhﬁ?stﬁéeﬁlé@ﬁ%ﬂ@@t?uﬁe§tHﬁﬂﬁﬁkﬂ?BB?fh§§m§sr

residue test nodul e {H2) candy Ofne@ﬂlo@de@) esinaodile (Ador Wnhhdtiheg
resi due test nodul e (4%% and h_% ge 35test€%gdul (44 belnglO
desi gned to identify¥iHcotTec 4|rn% SalEst r &g
to one of Cains 10 @rrddnt charasterirzed dycle, taklng account of
10 predetermined minimum limit values, or
the CTMA method (6) and the error handling
process (1l4) are carried out again in the next

processing cycle, with bearing angles (4) being

measured again, and taking account of
15 predetermined limit values (10).
9. Method according to one of the preceding claims,

characterized in that
a target manoeuvre while carrying out the CTMA
20 method (6) 1s taken into account by the CTMA
method (6) calculating two target legs, with the
original 1limit values (10) being taken into
account for the original target leg, and with new
limit values being defined for the new target leg.
25
10. Apparatus for passive determination of target data
(R, K, V) associated with a target, in particular
of a target range (R), a target course (K) and/or
a target wvelocity (V), from bearing angles (4),
30 ‘which can be measured by means of an arrangement
of water-borne sound sensors of a sonar receiving
installation (2) by directionally selective
reception of sound waves emitted or sent from the
target, and from estimatable bearing angles, which
35 can be determined from estimated positions of the
target, with bearing angle differences from the
measured bearing angles (4) and the estimated
bearing angles being iteratively minimized over a

plurality of processing cycles by means of at



-32-- a test device (30), which is designed to test whether tenporary
target data (RTmAp KTMAI VT) which can be determ ned from an

optim zed zol ution (28)of a further optim zation nmethod (26), 5
referred to in the following text as a 3FNVA net hod, is vvithin a

sol uti on space which can be covered hy the limt vaI ues é in
whi ch case the est®¥at ean%oé’ioitllB‘ﬁzé‘ithﬁeni% 6% mhfehethgd tﬁl mim

whi ch can be det et ned1bywtihe TEMktmeidod CZER mSetbachd dfcanibea an

det erm ned astheotlngd TNVA solutlgn 28) Aﬁ?ratl{%

according to d ai i Jin char &StertirEd 8 SFES génc8n hase”

detector (78), \Ammhlmlsndessgnédaaaﬁ,deteam n@ea ctrivergened t e ofin
the TMA et hod (@tlmlzed t]Eﬂ'M % i{%a(@% di ng- 4P PRE CE mgoaz'a,%

10 to 13, 20characteri zed carryi ng out one, g ura
o'%

of or all of the Wt¥RH §?§ﬁs %COKdI ﬁ@ i oa%ewéith(}td?%cw
15. Conputer progr@m daf chehasagdimputflc Paeghantcose @mtwnﬁme@re

guisable, Lor cary g out, (he TPLof 2CERLOLIBLP 16,010 4,1 i
be determined, during the optimization process, in
10 particular for carrying out a method according to
one of Claims 1 to 9,
characterized by
an error handling device (14) which is designed to
identify and to correct incorrect limit wvalues
15 (10), with the error handling device (14) having a
plausibility test module (38) and a correction
module (40),
the plausibility test module (38), which is
designed to identify incorrect limit wvalues (10),
20 the correction module (40), which is designed to
correct incorrect limit values (10), and
an output unit (24) for outputting the optimized
CTMA solution (12) from the CTMA method (6) and/or
for outputting the target data (R, K, V) which can
25 be determined from the CTMA solution (12) and is
assumed to be correct, for the situation in which
no incorrect limit values (10) can be identified

by means of the plausibility test module (38).

30 11. Apparatus according to Claim 10,
characterized in that
the plausibility test module (38) has a residue
test module (42) and/or an edge test module (44),
with the residue test module (42) and the edge
35 test module (44) being designed to identify

incorrect limit wvalues.

12. Apparatus according to one of Claims 10 or 11,

characterized by
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a test device (30), which 1is designed to test
whether temporary target data (Rma, Kma, Vo)
which can be determined from an optimized solution
(28) of a further optimization method (26),
referred to in the following text as a TMA method,
is within a solution space which can be covered by
the limit wvalues (10), in which case the estimated
position of the target on which the minimum which
can be determined by the TMA method (26) is based
can be determined as the optimized TMA solution
(28).

Apparatus according to Claim 12,

characterized by

a convergence phase detector (78), which 1is
designed to determine a convergence time of the
TMA method (26).

Apparatus according to one of Claims 10 to 13,
characterized by

means for carrying out one, a plurality of or all
of the method steps according to one of Claims 1
to 9.

Computer program, which has computer program code
means which are suitable for carrying out the
method according to one of Claims 1 to 9 when the

program is run on a computer.



