116 MAy aoo6 METHOD FOR PASSI VE DETERM NATI ON OF OBJECT DATA Thﬂﬁjhﬁ&nﬁé&ﬁﬂé
is about a nethod for passive determ nation of object data through a
selective directional reception fromsound waves, which is nentioned as the
preanble for a patent in claimPositign, velocity and course of an object
(e.g. a surface sea vessel, submarine or torpedo) can be determ ned w thout
giving away the course of the own carrier vehicle (e.qg. surface sea vessel

or submarine). Sound waves fromthe object can be received by a sonar
receiver and the bearing angle to the object neasured. Fromthis hearing
angle, together with the position of the owmn carrier vehicle, the position
of the object and its bearing angle can be estimted and cal cul ated. The

di fference bet wagrTHO® FERPUSSHVIEDE TERMIKN BONOB ARG ba®g iteratively
made snaller until it reaches a margin of error. This estimated position is
recogni sed as the object position. Beginning fromthe position of the

obj ect, which for exanple has been randomy selected as a start position by

a sel ectag f_i]i/f{nﬁbn heaoling nﬁﬂ@mf&r pa@iiﬁ@déf&ﬁl%ti&{'ﬁpblg&t QE‘[IQQﬁrthSS rsél&%% S on
hoard, positions froman estimated x-y coordinates for the object is

cal cul at @tc@ind thpideRsh Band MG @SwhiBS s nBatiGd asTE peAhBIE &fr AMBRAGH Slafnf avel s at
a constant course during the neasurenent of the bearing angle for a given

time andj.covers a distance, called its "own distance". The neasured bearing
angle is conpared agai nst the estinmated bearing angle and the difference is
determned. This difference is mnimsed until a small remaining error

remai ns between the true and estinmated bearing angles. This renmaining error

i's depeneigition,uRRBInPardic¥@Be biinesRalEg. Auehceded dstel suishe ¥} fospedSeashd bed for
exanple in the DE 34 46 658 C2. The iteration tine for this filter systemis

det er m neerimedhjthddy ghitietaRRy tHenBUks of hebwR¥ARR Rhicle€ ¢ Slufthde RPdtdign OF
supporting data is given 1(-,14AJ,~006 2 by further observations or

measur engBingridel. 088 REQESHAA tlQbe?e_@t ENeGadelve® by ¥aDh k&ekvbr fid (RERdagRPPI C OF
radar measurenents). Filter coefficients are calculated fromthese
suppor t i dagledatti® object measured. From this bearing angle, together with the position of the own

carrier vehicle, the position of the object and its bearing angle can be estimated and calculated.

The difference between the measured and estimated angles will be iteratively made smaller until

it reaches a margin of error. This estimated position is recognised as the object position.

Beginning from the position of the object, which for example has been randomly selected as a
start position by a selected first bearing beam or else known through other instruments on board,
positions from an estimated x-y coordinates for the object is calculated and the bearing angles
estimated. The carrier vehicle travels at a constant course during the measurement of the bearing
angle for a given time and covers a distance, called its “own distance”. The measured bearing
angle is compared against the estimated bearing angle and the difference is determined. This
difference is minimised until a small remaining error remains between the true and estimated
bearing angles. This remaining error is dependent upon a given threshold. Such a filter system is
described for example in the DE 34 46 658 C2. The iteration time for this filter system is

determined mainly by further inputs. For example, the start position or supporting data is given



which leads to a better first estimte of the object position. The&¥kY #0006
this current invention (which is nentioned as the preanble for a patent in
claim1l1) is the creation of a nethod which can, w thout nmanoeuvring itself
and wi thout using other neasurenent sensor on board a carrier vehicle,
determ ne the object data with certainty and wthin a tactically

appropriate tine frane. This task is to be solved through the

char act efyi §ilrihes oBdervhtiéhs "Bt hiegbuRinefis afrdih kensbist 81 bRAOME @Gkricl ScHigke@led, the
directional reception signals will be grouped into reception signals of an

el ect r 0- Reidéplci of rdMRLIntdsRlemSWSt EMlter Qodficight AL SASNAEH Hbm FhedesiPérENMNGrON boar d
a submarine (carrier vehicle) or froman antenna towed by a surface vessel

These sigiial Radditd b batREBKEGRIBate GOME bEct bssaivaf or mation and the frequency of
the spectral lines in the frequency spectrumof group signals will be

determ ned. The frequency of the spectral line with the biggest |evel
recorder or the distance between two nei ghboring spectral lines (reception

f r equencriRSiskWf ks Rrehtak@itidrO@RIN 8 meohdtl 4sHR: preasis Rea BRaltiMdaiReiN as the
basis for estimating the object data. Object positions will be estinated

and its heardaiéh anal @sth6@vaidhatd withb@ hdck@nrRacieem dnl WitnodeLargrionrd bet ween
the estimted and neasured bearing angles. Also, estimtes of a Doppler

di spl aceg@Rtredddl Bnsst 8h thoarBQl i 6RMEN, sRARHIMRUNE LERHUENEY whRRehage from
the sane estimted object position and its change with time. The estimated

f r equencyimh b bactiQy bgsapREI MG Hams th the estimated Doppl er displacenent, be
di spl aced by the frequency. This creates the estinated Doppl er displacenent

fromwhich the reception frequency can be deducted. The difference between
the reception frequency and the estimted Doppler frequency (frequency

di f f er enpigy tablog & RE6IVA thfbulin e BRA&CkdMBtids df the imethod HYcIARAE6 3 point difference
W ll be used for the determ nation of the object data through the

Least - Square Algorithm The advantage of this invention nmethod claiml is
that the sanme object data, that is the estinated

After an object is detected, the directional reception signals will be grouped into reception signals
of an electro-acoustic modifier system, e.g. a horseshoe or side antenna on board a submarine
(carrier vehicle) or from an antenna towed by a surface vessel. These signals will undergo a
Fourier transformation and the frequency of the spectral lines in the frequency spectrum of group
signals will be determined. The frequency of the spectral line with the biggest level recorder or
the distance between two neighboring spectral lines (reception frequencies) will be taken together
with the measured bearing point as the basis for estimating the object data. Object positions will
be estimated and its bearing angles calculated. The difference will be determined between the
estimated and measured bearing angles. Also, estimates of a Doppler displacement and a start
point beamed sending frequency can be made from the same estimated object position and its
change with time. The estimated frequency will, correspondingly with the estimated Doppler
displacement, be displaced by the frequency. This creates the estimated Doppler displacement
from which the reception frequency can be deducted. The difference between the reception

frequency and the estimated Doppler frequency (frequency difference) together with the bearing



obj ect positions, is used for the estimate of both the bearinéLénﬁﬂévéﬁﬂogﬁé
Doppl er di splacenent. The frequency analysis of the group signals is
necessary for determning the reception frequency. This is done nornally

t hrough a sonar receiver device. This device increases the accuracy of the
angl e, or the separation of several objects detected in a bearing angle or
classification from objects and does not require extra effort for signal

processi p@nt diti@ere Rl BY uddTHUBE adterRindiiBR of BRIcSEE: @R tﬁro%lﬁ-ﬁ]% iL@&t—gﬂaﬁ*la@ i's

determ ned sinply froma neasured reception frequency an he assunption of
a normal Atgoamal. | i ng velocity of a sea vessel. This sending frequency is
either the frequency of a spectral line (because of the noise from novenent
of the object), or a signal that is sent out fromthe object. Including the
reception frequency in determ ning the object data has the advantage that

the obj eThe MiakrAage N tHRESnABLET MENELclhith RisSRRHe shrhdBojtk 1AL Wlat FRNOEWWEIAT t he
own carrier vehicle. A further advantage is that two objects that have been

travel | i ggeck pésittonk,Q81Gkell d¥Rhe dMithitk Bf bdIRhe %@&m@%@%lé R BOBbSHIG A pREnRAPAr at ed
as their reception frequency will be different Trom one another because of

t he Doppley frédu&iel af8ysRIYf the RGipRORRL & netisShY A% @é@ﬂ{ini%ﬁw@ec@ptfoﬁ %E}M@ e

difference in that the radial velocity conponent between the carriér vehicle

and the TN®ishEfdrimallyIedugb séhaf febdiRRdedtd NBEARVED FicRERE BRI RPIPLEMEO bot h
obj ects do not change. If the carrier vehicle noves at a constant velocity

al ong a &f@ieCal kiRdsep@UWibndbfSdeddiiCobjRts teRASH aNbearitP MR or LRI REHPELRN
frequency changes as it is dependent upon its own radial velocity

conponengigecnshdt does herakedfiiengtrh B orSAHBI ﬁ«%éé@&& d. OMle {AGhRlreyRhOChE e Of the
object. Wth know edge of our own velocity, we can elimnate our portion of

the Doppbigéct di s RlaAGRMRN & ActerndRal MAPlyHANG hdA&irROFbdBBn @;%h&ﬂ%i B e the
obj ect. Besides the frequency change over tine, the 'so-called frequency

stroke, ih@nhIRalk AGoReil Hﬁveﬂfh%%%f@itﬁé/fei seh lve®Beld WhisﬁgnJiJEfréng{cp‘?y cifi¥éBfhel t's “OWN
1(~ Wv/ aoo6 4 distance' . The tine until all object data can be neasured

W th st ahédubdcy of 8 spsedirdl §ifle (bBRUSEITVIRBRE E8m thdveRent bPfie 6QBYELIERES kit becones
shorter when the frequency stroke becones bigger by

sent out from the object. Including the reception frequency in determining the object data has the

advantage that the object data can be determined in a short time without manoeuvring the own

carrier vehicle. A further advantage is that two objects that have been travelling for a long time

within the same bearing angle can be separated as their reception frequency will be different from

one another because of the Doppler displacement. The Doppler displacement shows a remarkable

difference in that the radial velocity component between the carrier vehicle and the two objects

must be different although the bearing points to both objects do not change.

If the carrier vehicle moves at a constant velocity along a so-called “own distance” at a constant
course, the reception frequency changes as it is dependent upon its own radial velocity
components and the (pointing in the same direction) radial velocity of the object. With
knowledge of our own velocity, we can eliminate our portion of the Doppler displacement and
analyze alone the portion belonging to the object. Besides the frequency change over time, the

so-called frequency stroke, the bearing point changes over time during the journey over its “own



travelling over its "own distance". Measurenent tests on a 3;_ ™ e shoed
that a journey wthout own manoeuvring and a frequency stroke froma few
Hertz can achieve a stable estimate of the course, the distance and the
velocity of the object after less thamn 10 m nutes. The velocity of the
object in the tests was 10 kn, the velocity of the carrier vehicle was 6 kn,
the starting distance between carrier and object was 6 km and the beari ng

angl e at distgeebeie fifeN@Gtiofl SRt dABaSWeRRALS] Wasstatiny id falvenmesdiviBL Rt he
object data with only a consideration of the hearing angle, we cannot reach

a conver GRACerhe ABnREdehd®ilih® Be@dinet BorePivaGT ddatdudnsy RRSS! RL&n fiflicp bf‘ short
time only through extra neasurenent of the reception frequency and the

esti mat i @avefigtoher itsDRPRl @starfde’s PVRERENRANIEE On faf KEMENEYshbRed g AchiaR} ageous
further devel opnent of the invention nmethod claim2, we can utilise the

Lof ar - Analiyse owﬂ\hiaﬁd%ui/rﬁlg@ﬂﬁﬁrﬂea&qu Aroke frihiaTB) Slertfid ASehitiCAl bR L saRsle
Identification - CAl - by Submarine Sonars”, Naval Forces Nov. 1987, pg.

27-31. Byf heekple] @A dbARRUIN 1R veRWHAT RN Foct Afr 1S T BS n@futeo] TEJ‘@e](Q::Ri/ ect data

of very distant objects is reasonable. This is because of the sm

absor pti emnihefoblach the REALNACY 0 KAUME VWRYIBSof the LRGeCARIN B8 RAT MMl good
bundl i ng of sound waves and the accuracy of the neasurenent of the bearing

angl e, Whi@htei terwedh GRrieNMI0ELRE G $6km ahd HREHEAR hncRPANLO S AN Lor hE there
is no tow antenna to act as an el ectro-acoustic nodifier system It 1s

advant agmedssreinenis waderst akee teglﬁnit@f]ﬁrob{'%f@da)ﬁs\@it%ﬁl? aRoiddRaNbERL Bearidlg
so-called Flank array and a Denon-analysis wth a horseshoe basis, a

S0- cal | eghglentt Qin¥B] reddhha¥nveldefed. QGLINAGIIAYF R oBfekt! daﬁqpﬁfsggleavithglear@gﬂt” ation
t hrough a band-pass filtering and the frequency of the spectral lines of the

denmodul afimé edlysthghgh exehehrdRhe biMmedeephti $i8qieh&0 W He EStilmbifon! & hbe same
frequency band as 16 HAY aodd 5 the spectral line (determ ned through the

Lof ar - Anpbpse displactdaeRlipatgeshcPy propeller revs and propeller foliation, as
described by the article in the Naval Forces etc.

In the advantageous further development of the invention method claim 2, we can utilise the

Lofar-Analyse, which is described in L. Kiihnle “Classification and Identification — CAI - by

Submarine Sonars”, Naval Forces Nov. 1987, pg. 27-31. By reception through a tow antenna, an

estimation of the object data of very distant objects is reasonable. This is because of the small

absorption of deep frequency sound waves in the carrying medium, the good bundling of sound

waves and the accuracy of the measurement of the bearing angle, which is large enough because

of the small opening angle.

If there is no tow antenna to act as an electro-acoustic modifier system, it is advantageous to
undertake the Lofar-Analyse with a side antenna, a so-called Flank array and a Demon-analysis
with a horseshoe basis, a so-called Conformal Array. The received noise will undergo a
demodulation through a band-pass filtering and the frequency of the spectral lines of the

demodularised signals can be determined. These frequencies lie in the same frequency band as



We get frequencies spectruns with different spectral |ines througa££H§L4V°&CDé

Lof ar-anal ysis and the Denon-analysis. The spectral lines wth the deepest
frequenci es distinguish the revs of the propellers. If the frequency is not
recei ved, the distance between nei ghboying spectral lines correspond to

this frequency. The frequencies thensel ves or the distance between
frequencies can be utilised as reception frequencies for the determ nation

of the objkepicraiafir. (ddibehiRECHcasY hefLotRAnhihegusNay: ANk 362 'p?op@ﬁ'fg rE8ind
determ nation of the reception frequency are tied to the accuracy of the

obj ect dpdogelRBHoliN®n AtesdriBePRCRE AANE & M Kihval R&cdsrct her devel opnent of the

i nvention nethod claim4, we do not utilise a single frequency, but the
frequenci es of many spectral lines will be conpiled together. Together,
they make up the reception frequency. The advantage lies especially in that

there i swiOgeh@RuchOies slctRtewiil @ifsRACLIRE NIRAUERRYH AR0LJPARALISSS 1 SR acement
of every frequency, but only one single reception frequency goes into the

esti mat i DBmoRhnalydR. OPljcefkctBiBlifes WP 1RSIpBE HOGLeAl GOkt BIMNIA AR SN0 RECONE
bi gger and despite this, the estimation of the object data is optimsed.

The advapiop@Rrsof 1ftie fikaiichers &ev&k@mﬁ% d@&nc{e%&é@x%fghw?mg%&% filedl M S, 6

and 7 lies in that if a spectral signal falls away, there 1S no need to

cal cul at gorespRW1é ﬁﬁ@ﬂ&iu@ﬁbyf "edyRshcies hesdlves _OpQE%ﬁCQB&@Eéleﬁéq{lgﬁ% ncies on
a fictitious spectral frequency of an artificial spectral |ine can be

transf or emthe ufiliR8 8s fetpioh REIBELid FEAMEREYmMAHIMST tRloblech&afa. AN MEASUr ement s

can formthe reception frequency. |If one uses the spectral |lines as
artificial spectral lines, there is not need to undergo a frequency
transformation. On the other hand, the di sappearance of the spectral |ines

by a tr&EkicBgay delhdWdquemdy @hdijiRtanti R R&HhNRIIUR the dePidnRoghd@ shQfefat i on of

frequency deviations of j6 NAydoo6 6 frequency values fromthe fictitious
spect r al 1of thesidas) &the b6t Bsth bBaBor. Sin BBl ABREIW R e Tﬁﬂﬁ]@#&bel% ere 8f Gl ation

of the mean. After the advantageous further devel opnent of e 1 nvention

et hod Cln@ériof mekd@ iR 8RCYo not utilise a single frequency, but the frequencies of many
spectral lines will be compiled together. Together, they make up the reception frequency. The
advantage lies especially in that there is no need to estimate the sending frequency and Doppler
displacement of every frequency, but only one single reception frequency goes into the estimation

of the object data. The estimation algorithm does not become bigger and despite this, the

estimation of the object data is optimised.

The advantage of the further development of the invention method claim 5, 6 and 7 lies in that if a
spectral signal falls away, there is no need to calculate a new reception frequency. This is
because diverse frequencies on a fictitious spectral frequency of an artificial spectral line can be
transformed. These transformed frequency values or their mean measurements can form the
reception frequency. If one uses the spectral lines as artificial spectral lines, there is not need to
undergo a frequency transformation. On the other hand, the disappearance of the spectral lines by

a tracking will not interrupt the estimation. With the transformation of frequency deviations of



deviation is balanced out through a Lease- Square-Mean estimati népy4pb§15ugoé

di spl acenent of the transforned frequency values to a selectée ictiti'ous
spectral frequency. Consequently, nmany spectral |ines measurenents during
the available period are utilised, evep when sone spectral |ines disappear

periodically and no valid neasurenents are taken for them It is possible to
determ ne the object data through the transformation of the frequencies to a
fictitioygqsecidiak frofRABERGYs Plct@Nfr@fubichds GhadstiSREGd Baincdd (ﬂl@th%{l%ﬁ' el _ONl'y
one spectral line contributes to the fictitious spectral frequency. This

si gnal pree@sson@thesnedseabl e, as all spectral lines of an object have
undergone in percentage terns the sanme Doppl er displacenent. Al
irregularities that appear during the tracking by a frequency measurenent

wi |l be bal anced out through the transformation of each spectral line to a
sane art ifiee iRl advpeseb@ fulthdhedeWibiinedt bf el hi Qs FREGE 'cBlim el it To
estimate the Doppl er frequency in accordance wth advant ageous f rt Rer

devel opmagiiat@h is bAMRBY bANthAREN QW efde BgiArdMedn qéifﬁ{aiti&{%y t]ié%%ﬁa@é]nén% ofigfer m ned
fromthe estimted x-y coordinates of the object position. These x-y

conponentygnsfiithied MreqieBcys WiRGb al Lle@bd Bkriticat Spedfliafqhdied t%ﬁs%hh%ﬂg Tﬁl art
el o

position of the object and a velocity dependent path termwth ity

conponentpefrklQigs aRiburdiRh GARPAREGNEiSkRFiSd alNfiliflakven RARH bAD s:irdihe
object is fornulated for exanple under 'consideration of the reach of the

sonar regapt dippde petRlidally bREndRARULSALRARNE IR A9l S mEhe 1t ﬁig&s@%k% X-y
conponents are differentiated with tinme. The sumof the estimted x-y

conponentdgterniie fhelofjetad@dihamoivalel randiBEnbbR et REudibBEs ¥ £ AERE @]Eecg&il tiplied
with its differentiation mntﬁ time plus the product of the y-conponents

mul tipli edquhéhofl dnSarlicdid @pRRAIIAL e MR ohé BRclad 1L YdaskdYo m%gic?’d'éﬂ of the

X-y 2G MAC aoG6 7 conponents multiplied wth the speed of soun o forma
quot i ent shddirat frddBency NiThis et h&@es@igg‘% Ssealiid)€s Qﬂps?l:c%ral fhe mf%%g{ F:R/fe an
estimated sending frequency that comes froma sound wave bea romthe
obj ect. Therg@at inPérechtap6 B Ghe {8RUSEHpNr ARPMSnRNS CRA iRl BOUGICYpEL T OF - The

during the tracking by a frequency measurement will be balanced out through the transformation

of each spectral line to a same artificial spectral line with a fictitious spectral frequency.

To estimate the Doppler frequency in accordance with advantageous further development of
invention method claim 9, a quotient function is determined from the estimated x-y coordinates of
the object position. These x-y components, which are subject to error, are determined through a
start position of the object and a velocity dependent path term with velocity component errors and
path component errors. The start position of the object is formulated for example under
consideration of the reach of the sonar reception device in the measured bearing angle. The
estimated x-y components are differentiated with time. The sum of the estimated x-y components

is formulated as well.

The product of the x-component multiplied with its differentiation with time plus the product of

the y-components multiplied with its differentiation with time is divided by the sum of the X-y



estimated Doppler frequency is determned fromthe difference bgt AN VaaYA
sendi ng frequency (which has a sending frequency error) nlnus‘ﬁrgpﬁ?odﬂct

with the quotient function. The advantage of the object estimation claim9
is that the frompossible velocity conponents estimated object position is
taken as the basis for the mnimsation of the difference in frequency of
the reception frequency fromthe estimated Doppl er frequency The velocity

Conponemc§mﬁ)&1gﬁtg FRROAC with &b s V\]ﬁ:@@ ?f AEEALIQN O{]uoﬁpn? ]func Bgns IéC&lOIg Frgrg{ ect, to
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addition of the reception frequency |es ree ecrsrveaéavghv%ﬁes- t he
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wi t hout own manoeuvring, nany o | ect heir a un bearing
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estimation of the object osrtron onent  error
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error vector. According t ant ageous ? of hehe
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with a Taylor series using t error vector. P&t VST SPmBI Pe vect or

equal s t Qﬁlﬂ%%ﬂfe%oglﬁ&?ﬂttékgﬁ' af 1€ E&%%xy thgnr(ﬂ‘l rlinaat]on 0? G ncp fﬁ%.gnré%‘li%qrﬁ (S]ﬂual s the

product of the error vector and the frequency coef

g red The frequency
Coor11 of onie eAIE! reReRy ALE “?e@‘%é%?? Wﬁa‘t PrEah O 2he Setocky SoRRSRHS | ot
functi Onc@rtersﬁt{ndt\bﬁa @JrnEl@Jr R Ble- be%‘| e&st{olanrg‘%lal velocl compageﬂg &c%ed

t hrough this Tayl or eve oprent reque cy
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This <calculation is e error e own 4t h and
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object and also the error of _ guency. Fration
nodel Caﬂoﬂgllﬁe%d’e'teprﬁgun\é‘ tihrs%éc't Bgﬁtlon and the object data without own manoeuvring,

many objects and their data under the same bearing to separate and determine, and to shorten the

convergence time for the estimation of the object position.

The path component errors and the velocity component errors as well as the sending frequency
errors form an error vector. According to the advantageous further development of the invention
method claim 10, the estimated Doppler frequency is calculated with a Taylor series using the
error vector. The first member of the vector equals the measured reception frequency and the
second member equals the product of the error vector and the frequency coefficient. All other
members of a higher order are small enough to be ignored. The frequency coefficient is
determined by the partial differentiation of the quotient function after the error vector. A linear
estimation model is created through this Taylor development, which gives the frequency
deviation between measured reception frequency and the estimated Doppler frequency. This

calculation is dependent on the errors of the own position, path and velocity components errors of



According to the advantageous further devel opnent of the inventqgn m@ARDg{oC%;
claiml L the bearing angle estimation is determ ned by the x-y conponents

of the object. Beginning fromthe start position of each x-y conmponent, the
path error and the velocity dependent gpath termis added wth the velocity
conponent error. The arctangent of the estinmated bearing angle is determ ned
through trigononmetrical conbination fromthe esti mted x-y conponents. A

linear rgkaly ehshihReObs t%%_]éé?\iﬁ(ﬁﬁl%@%eoérrmst% %deﬁa@dfré?ﬁ&lcgmﬂﬁs & F' ng
angl es and of the termand velocity conponent errors is determ ned by a

Tayl or exBaBRsdORoRf cahhe dakstangdtadddnction. Partial differentiation of the
trigononetrical function after the path error and the vel ocity conponent

error determnes the termcoefficients of the series expansion. The series
expansion is truncated after the first member and delivers a term

coef fi ci gRdordi®d {d the éﬁbhrﬁag%&fsn?uﬁ@@f cfe'vélbﬁlrfgnt 'o? t@‘n@ér{ﬁoﬂ%tlﬁ&r Quigh pn,adapti ve
filter as described for exanple in DE 34 658 C2. Through nul ti'plication

With an ghr RCsQhation MiEIMERAS) B S- énff FentsSdF ARG P HBinGATRARERNL errors,
one obtalggﬂ{ﬂg de5|?gg deV|at|onyof fpo pﬁe&%ureé a%ﬁ tﬁ%nésgwﬁﬁted bearlng

angl e. Thg: pediRALAGEH Q% cBﬂﬁoJthr thl %Eth deyehe B{éﬁf@focﬁf debgﬂeﬁtrwtﬁ M na0ad¥es hod

claiml | ties in that the observed error vector iIs the sane as that for

the esti g RReREin! EpBRRP LSS, fm]@guﬁﬂgeﬁt ot estﬁl%&ed bedIf; %nglé iRdGRgato take

into consideration here the sending frequency failure. frequency and

beari ng l‘ﬁﬂﬁikl@tr%bﬁ&mp%bgﬂ%n %Iﬁtlﬂ%gtﬁﬁd@gd%pc&%oha@s B@-eregrr reﬁiﬁ&{sﬁ}g O?Xpan5| on
are sumred. mn imum of the sum which delivers the object i's

iterativgh He\ﬂeﬁfoﬁ%ﬁ}n@ﬁs‘dred-ﬁh@eﬁi@hé?&@tb@zgﬁxg%gl&hﬁd'o@%%ﬂ]pﬁdW@fopl%ﬁco% ghﬁ@[ 12 lies
in that through a nean cal culation of th measured and est I'mat e earing

angl e, SyfdreRBklefmiRERSY NBayidH dxpdnSion gpth@%cta%@én@'fuﬂcmno ﬁahf-‘dl dﬁ‘f%}eﬁﬁmon%w on of
the object data. The systematic bearing errors appear exanpl e, when the

J-G H AVihe }ngQQ&ne%n&@ﬁﬁlbﬁfn Aehing hﬁh anet a‘ﬁ@k&%ld@ftﬁcdﬁ%nén@ gx@&l‘ o(g{énitungs Hane
beari ng plane, for exanple the horizontal plane, and the occurring sound

waves  hagmmiBocBitGng: of HiRMsefs AP S o MTIR|sEYR ek PRsieN Y nEncali bRer thefirst member
and delivers a term coefficient matrix. This term coefficient is determined through an adaptive
filter as described for example in DE 34 46 658 C2. Through multiplication with an error vector,
which consists of the term and path component errors, one obtains the desired deviation of the

measured and the estimated bearing angle.

The advantage of the further development of the invention method claim 11 lies in that the
observed error vector is the same as that for the estimation of the Doppler frequency, but that
there is no need to take into consideration here the sending frequency failure. The frequency and
bearing angle differences that are determined by the Taylor series expansion are summed. The

minimum of the sum, which delivers the object data, is iteratively determined.

The advantage of the invention method claim 12 lies in that through a mean calculation of the
measured and estimated bearing angle, systematic bearing failures do not enter into the

determination of the object data. The systematic bearing errors appear for example, when the



sonar reception device, the direction of the sound which corregb@ﬁd$ﬁmyna¢yjé
the projection of the spatial direction of the sound wave on the bearing

pl ane i s neasured. The systematic bearing error is included in the

estimated bearing angle. The nean of the bearing angle and the estinmation
angle is determ ned and deducted fromthe respective nmeasured and esti mat ed
bearing angle. The systematic bearing angl e under goes the sane nethod of

bei ng deghgdri \fégicf% AEOEN& MaYe nmmrcﬁC{h@%e%Eliir?}m%@, ke %,r«;n[l}ge %%oﬁzon@{ doi ng
so, the systematic bearing error is not included any nore in the

cal cul at pigie. @fid B Rcdlino0hE hand 3 daf gt WamJiB&n %Q@ﬁioﬁlang%g\?ﬁhaﬂg of

m
invention nmethod claim12 is that one is indifferent, as to er the

syst emat ighaDR&dptifdd&kde Ofhe ldFeGidH SEthe Qbfmﬁrlw]ﬁéheééﬁ%g;{aﬂdsa\pm fhe 9[30‘&;95“ gx@opl e, by
a conpass error or measurenent error of the navigation sysgen1on oard the

carrier yahiidigetioAtReHouRiVaAR S08e ib@arin& r&?aﬁle YRLRMRE thgﬂ%ﬁ’rﬁgc gézﬁ'ﬂ% s, from

sound waves of the object which spreads out over an area ecause 0

reflecti ghs i9NndihRd SK rtf]@@ﬁirﬂa?e\del!)eaﬁ@/a ie.f e A ot %@Ar&% %{‘gﬁ Aad%he OF
because of different water stratification, do not affect 't determ nati on

of the objigetiorfi@bR is ddcRan an@éleﬁﬂétéd‘llgolp%irésb&ﬂ% Riashif28 ARPAkikh@E b i?%em of

L a
the sonar reception device because of water currents do not |ea an

err Oneou%g%bjﬁ@tsys%{aﬁc %J:aHHQH : Lher Qd%E e @uﬁ'@x}ﬂe‘tﬂ@d fobe'fn}é%ﬁ& lé%)f?&jntel/ woul d

be wong and | ead to systematic bearing failures for the erm nati on of

the bear }n@eg;uéﬂgh@estiﬂ;%d bcj:a'fmé QIYg%j @F&&ﬁg@oﬂﬁg is%%n%ftic B%nggﬁﬁﬁrﬁh&rﬁ&tﬁht ion is

guaranteed if systematic bearing failures do not appe e arctangent

functi ong@neort HandBR1a86n LMk AInGhANGENard d40aGdon are the basis for the
determ nation of the coefficient matri x. Each coefficient consists of term

coefficients and its mean. Through nultiplication with the error vector,
one is able to determne, without any systematic errors, the deviation of

the diff @E@ﬁ@@al%ﬁveﬁlhﬁe BEASHBA nfRBRE G A G (Bar The ﬁsin(ﬁiﬁ‘@reﬁfgfsnto fethhxht‘ﬁe bearing
angle as well as the estinmated bearing angle mnus the nean of the estinated

angl e.  HAMeR@OEbehfngl Bfor §Y StusdiBly & &&validn Qlfgletd??orb&%bl@,gbya@%n‘?pagsg&jrdm ion can

be elimnated through the cal cul ati on of
measurement error of the navigation system on board the carrier vehicle. Another advantage is
that systematic bearing errors, from sound waves of the object which spreads out over an area
because of reflections on the surface level and/or from the bottom of the sea, or because of
different water stratification, do not affect the determination of the object data. Unknown
slanting positions of the modifier system of the sonar reception device because of water currents
do not lead to an erroneous object data although the determination of the own position would be
wrong and lead to systematic bearing failures for the determination of the bearing angle. The
improved determination of the objection position is guaranteed if systematic bearing failures do
not appear. The arctangent function and the mean of the arctangent function are the basis for the
determination of the coefficient matrix. Each coefficient consists of term coefficients and its
mean. Through multiplication with the error vector, one is able to determine, without any

systematic errors, the deviation of the difference of the measured bearing angle minus the mean

of the bearing angle as well as the estimated bearing angle minus the mean of the estimated angle.



the mean of the termcoefficients and its difference to the actuyal ™ éROC)é
coefficients. The invention is further described in the diagrans with a
denonstrative exanple of a nethod to the passive determ nation of object
data with sonar reception device. It shows: Fig. | a scenario for the

determ nation of object data Fig. 2 a x-y coordinate systemw th object

data Fig. 3 a frequency diagramFig. 4 Error plots for determ nation of

obj ect dapdsy %ﬁﬁ%om@%ﬁhhg%g@ Gtimatidn’ daf be gkn(%ﬁeci {BF%I ﬁ{hﬁ gt'foln%? of

object data with existing systematic errors Fig. hemati ¢ Fig. 7
a chr onojhegieaRbr thd R &2 RhntsBind §SEREIAR {IEQH%%'&E&EHEEQ at sea Fig. 8
a-d bject data plots based on neasurenents wth a tow antenna Fig. 9 and 10
Frequenci es from nmeasured spectral lines and an artificial spectral |ine
over time Fig. Il Object data plot based on neasurenents of a tow antenna

W th ownTRERE&HYE RSurtler RsMiDEdaRHR dlabrdmlsviln as(h.!a%stpatl%:?}ﬂ%ﬁ)ieooffa%etﬁoraeto passive

determ nation of object data. Wth an el ectroni c nodi system e.g. a
linear atenRRe BterfhitB¥h SULRRN Bt V@lﬂ%ﬂeﬁ' ecréﬁﬁ)qFaH coenltg Wic€ on board a carrier
vehicle neasures sound fromtwo different objects rom the same direction
and bearing angle Bi is neasured. One object is on course 1, another on
course 2, which are both portrayed in an x-y coordinate system At tine to,
the car rF@rl vehi cl @s&%r@tfogtn@déérﬁrntatl(g{&o%ﬂ dtatlae obj ect in a bearing angle
in the direction of the y axis, which e sane time takes north as its
reference direction. At tine ti. the carrier vehicle is on course 3 with
constant velocity, one object is on course | wth velocity of vi and the
other objigci on COpk$@odihte WRIAPW Yoty bfi@2Vel Iing to their next target
positions. The measured beari’ng angl e Bi nessto both object positions is the
sane and is used for the first estinmate of the object data of Xest, Yest.

Fig. 3 a frequency diagram

Fig. 4 Error plots for determination of object data without manoeuvring

Fig. 5 Error plots for determination of object data with existing systematic errors
Fig. 6 a block schematic

Fig. 7 a chronological progress of a reception frequency measured at sea

Fig. 8 a-d Object data plots based on measurements with a tow antenna

Fig.9and 10  Frequencies from measured spectral lines and an artificial spectral line over time

Fig. 11 Object data plot based on measurements of a tow antenna with own manoeuvres



Fig. 2 shows the x-y coordinate systemfi-omFig. | at tlne twajggpga éﬂDDé
vehicle with the nodifier systemis in the position xe, ch is ‘at the
same tinme the start of the x-y coordinates system At thls time the object

is at the position Ptrue. The object i noving away fromits start point Po
at coordi nates xowe, yone with a velocity of Wtne, Wtmand put behind it a
di stance of Vxtrue . At and Vytruc . At. W neasure the bearing angle Bness

to find Fﬁq s'ﬂ@\wé § EdBarROS! dib 9&51@@ dété}ﬁlmagm gfcébj ou&%etwmg (\,%omgsnll cfn‘?erll. PV\B of

the object will be determned iteratively thr esti mated position
Pest andgysfes, pgad' l'u{égr ARdhLorBasy aR¥n Ml :momlﬁ‘@éeb@& d%tnc& bRV AN QL veen

Bress and Best. is assuned that the object fromthe coordinate Xotrue

noves W ﬁ@asﬁre@%gﬁhdfﬁénll W& dﬁerﬁ’ﬂ%bfe&s foROMEI sHat %ﬁeﬂéﬁ%&d 'bglarfflg%%re%l Qn with a

velocity of vx, and a velocity conponent error of Avr In a I nterval

At. Int B@asﬁre@' IR€ bRt is bR £GhothR VRS oRNE b NGnith gretb'o okt gJ Yol &y from
the coordinate yotrue to coordinates Rycst with a path ‘err of Aya and a

vel oci t Yedobdi¥XE§ kteMN A @inYElo Otﬁé EXrierCRARRNS AL th £ 54R S/G):Ind'%\{é/ obég_cl’i'/%; g0l nat es of
t he objects are estimated with the errors ARX an ar~o6 tz xr.

eet = X' ngﬁé’ M ehetdinddtioitof ﬂ1e(ybﬁ(9s Whi¥ %t AL dane (e {af(éé%oik[h Aﬁtg(refe%{l@édlr%g? ree + vy

At + (Ayo + Avy ' At) = true + AR After refonm ation, one ) Rxt rue
Ryest At &%tl th&a@ﬁér velnél@%@n coﬁ¥8(3 w1tl°‘t:3ns{aﬁt)ve®éfty ofte c_)bJLE&[% 051 c ﬁaf@ll w1tﬁ\)yest )
(Ayo + Avy - At) (b) Fromth he estimated bearing angle I'S

cal cul at @4scitBestty mnd gt @t‘ﬂerRﬁﬁéct on Q*EiMse 2 at velocity v2 travelling to their next target

positions. The measured bearing angle Bimess to both object positions is the same and is used for

the first estimate of the object data of Xest, Yest..

Fig. 2 shows the x-y coordinate system from Fig. 1 at time t. The carrier vehicle with the
modifier system is in the position Xe, ye, which is at the same time the start of the x-y coordinates
system. At this time the object is at the position Pirue. The object is moving away from its start
point Po at coordinates Xome, yome With a velocity of Vxine, Vyu and put behind it a distance of
Vxtrue . At and Vytree . At. We measure the bearing angle Bmess to find the new true position of the
object Pme. The new position Pme of the object will be determined iteratively through the

estimated position Pest and its bearing angle Best by minimisation of the deviation between Bmess

and Best.

It is assumed that the object from the coordinate Xowue moves with a path failure of Axo to
coordinates Rxest in x direction with a velocity of v, and a velocity component error of Avx in a
time interval At. In the y direction, the object moves during the time interval At from the
coordinate youue to coordinates Ryest with a path error of Ay and a velocity if vyest and a velocity
component error of Avy. The coordinates of the objects are estimated with the errors ARx and

ARyZ



Ryest - ARy | The true position Ptnic is determned, if the e rar M@c/:g.\@(gg
+ Avx . At and Ary = Ayo + Avy . At equals zero. Then, the vélocity
conponents vx and vy are correctly estimted, which |eads to the acceptance
of the new true position of the object,Ptrue. This estinmated bearing angle
Best equals the true bearing angle Btrue and anobunts to: Ret = 2 true
arotan xOtrue + Vxtrue ' At - XE B:ne3s Yotrue + vytrue - At - yz The

obj ect data P= (xo0, yo, vx, vy) are correctly estimted, when the error
vector eqBals aukl. AR ¥ (A0 : Av% = Q wit 1 = Axo, Ape = Ayo,.
APs = Av,; ajagd ApJo = Avy. Thg Tdféfsg’eﬁ%vé’é b% )wee%“tfﬁeaeAg% mat ed &nd measur ed

bearing argl.e differepce L {mniAy s o] ermgine the_object data: (Biest -
Bi mess) = % n 2($'HAj aodl 13 Tﬁet}]éb‘j?%(%' pggfﬂ g'mtrlat rﬁaiﬁs to belRBhl cul at ed
until a remaining rest error, which is limted by a m ninmum margin of
error. T ' est Binmess The inclusion of a estinmated Doppl er frequency
makes | tﬂgg}sréf?ﬁ&éﬁ{og’ Y$&'hate the position w thout own nmanoeuvring through
a simultaneous mnimsation of a frequency difference between neasured
recepti onFeeguen®y.and Ad,i n@t}egathcppAgg frgguengyyunder consi @Igs ation of

t he o *

Rytrie = Ryee — AR, = Ryest = (Ay, + Av, - At) (b)
From this, the estimated bearing angle Best is calculated:

B,.« = arctan Ruesr = AR, T

Ryest - AR

y

The true position Prue is determined, if the error ARx = Ax0 + Avx . At and Ary = Ayo + Avy . At
equals zero. Then, the velocity components vx and vy are correctly estimated, which leads to the
acceptance of the new true position of the object Ptue. This estimated bearing angle Best equals

the true bearing angle Btrwe and amounts to:

Bt = Btrue = arctan Zorre ¥ Vatre - At - *e =

yOtrue + Vytrue : At - yE

MeEsSs

The object data P= (x0, yo, vx. vy) are correctly estimated, when the error vector equals null:

AP = (Axqy, Ay,, Avy, Avy) = 0

with

AP = Axg, Ap, = Ayo, Aps = Avy und Apy = Avy.

The difference between the estimated and measured bearing angle difference is minimised to

determine the object data:

(Biest — Bimess) = min



bearing angle estinmation after equation |I. The object has left t t 0oL
position Po with the velocity v --vi according to Fig 2. As we §£Z§ﬁy@égka

true angle bearing Btrue, we can recalculate the velocity conponent vx and
vy of the object in a radial velocity.conponent VR which is p0|nt|ng in '
the di rection between the own position3d xc and ye and Ptme. Vg = Vg 1 + VR
= VW cos Btrue + Vx sin Btrue (c ) The radial velocity component VR takes
into consideration the correct algebraic sign of the added radial velocity
conponent of the object Vaz and of the carrier vehicle VRE VR=VRE - VRZ
Because he bhEct pallicH PULIAG T X LATRNGNY MRuinfheSER N0 JIEIURRS f.!%g,f”“e

(which is a sending signal cont ai ne noi'se’o i tand sent
out as apfifiRgMersy) Hggergﬁgq a frequency displacenent. This reception
frequenc;]ﬁruue |% gffected by the Doppler-effect, as described in Chapter
7.4 "The Doppler effect” pg. 334, 335 in the text book "Experinmental Physics
F*, 2nd 26 HAY cOO06 14 Part. Edgar Luescher, University Textbook,

Bi bl i ogr gphik@al. | nstitute, Mannheim 1967 This nmethod applies to that of the

Doppl er frequency: Ftn,e at,,_ One receives through a series expansion after
substituting in equation (d) for the reception frequency, an equation which
equal s the true Doppl er affected sending frequency: V, c = Fscrv: Z The

recepti ofhd HEGUS\EM s AEPS %’?Fre 9{} kg h&s@b fe (b HRCL] teR t tB t
proportionate to the radial ve d@?t ConpoRent VR Gﬁ&fpf&Yf“m
own manoeuvring through a simultaneous minimisation of a frequency difference between

measured reception frequency and estimated Doppler frequency under consideration of the

bearing angle estimation after equation I.

The object has left the start position Po with the velocity v=vi according to Fig 2. As we know
the true angle bearing Btrue, we can recalculate the velocity component vx and vy of the object in a

radial velocity component VR, which is pointing in the direction between the own positions xe and

Ye and Ptrue.
Vrk = Vg' + VR" = vy ¢ COS Birye + Vx Sil Birue (c)

The radial velocity component VR takes into consideration the correct algebraic sign of the added

radial velocity component of the object VRz and of the carrier vehicle VRE.
VR = VRE - VRz

Because of the radial velocity component VR, a sending frequency Fstrue (which is a sending
signal or contained in the noise of the object and sent out as a frequency) undergoes a frequency
displacement. This reception frequency Firue is affected by the Doppler-effect, as described in

Chapter 7.4 “The Doppler effect” pg. 334, 335 in the text book “Experimental Physics I”, 2nd



The radial velocity conponent Vx is according to equation (c) depen g,g&ggé)
the velocity conponent in x and y direction vx and vy and froﬁfﬁ%aggg

angle Bwe: VR V- R =7y s cos Berne + vx gin 13t... (c) The velocity
conponent vx and vy equal s the change %Ath time of the x-y coordinates of
the object: aR=ct rn e _ RV - xtrue dt v _dR-rt __F2 r dtytrue _16 MAY
&CD6 15 One obtains with the equations (a) and (b): Rxt"e = Rest - Aftx Y =t

12l bl RSN, Sl e R P B

the reference dire on o Si tion
Puue, si Hleﬁod-alipli'és—ttorthat 6f the Doppler frequency:

. c + 7V
F‘tr-.m = F.':tzug —R
c + V.

One receives through a series expansion after substituting in equation (d) for the reception

frequency, an equation which equals the true Doppler affected sending frequency:

v
Ftr..x: = Fstme[l - '11 (XX)

o~

[

The reception frequency is dependent upon a quotient function, which is proportionate to the

radial velocity component VR:
Q=VRr/C (XXI)

The radial velocity component VR is according to equation (c) dependent upon the velocity

component in x and y direction vx and vy and from bearing angle Birue:
Ve = V' + V" = Vy » COS Binue + vy Sin Birue (c)

The velocity component vx and vy equals the change with time of the X-y coordinates of the

object:
dR .
Vx T C_;;{:.‘_:‘ie_ = RXtrue
dR .
<7 - ytrus = R

¥ = d t yirue



e R truce cos BtY one receives the equations (a) and (b) fgr-t §7,r ob
di stggz:e Rime to object Ri=ve = Rxztt,:e + RyxiNa Rtne = ;(Rxeeﬁ‘éﬂ ﬁf’& Z%ﬁo
Ryest - b"y Also ARK = Axo + Avg At ARy = Aya + Ay, At . (h) In equation
(c), for the radial velocity conponent, VR, the equations (e), (f), (g), (h)
and (i) are substituted in, and one gets for the Doppl er displacenent the
quoti ent function Q=VR/c ;tGwt' fct 6 16|:;1 (éeRpen?eR(I;e ?QRX:E h;a er'rA\%rJ \ie((::tasre.st
P C (XX ~S st -
- AEt§¢X@£§6¥tgms‘%nhtﬁ%ua%é Z)wdﬁb%( ( + R vest - ARyJ} The sendi ng frequency
F3, which |s bearred fromthE Ob] ect, is estimated with ?en) error AFs.

xbrue T vest

v, = R = R

v o ytrue

- AR, (£)

yest

With the consideration of the true bearing angle Biue between the reference direction No and the

direction of the true object position Pirue,

R

sin B,,, = —ftm= (g)
Rtrue
R

cos By, = —R}itﬂ?— (h)

true

one receives the equations (a) and (b) for the true distance Rire to object

true '\/Rx trus y true
Rtme = '\/(R xest ARx )Z(Ryast - ARY)Z ( l )
Also

AR, = Ax, + AV - At

ARy = Ayo -+ AVX - At.

In equation (c), for the radial velocity component VR, the equations (e), (f), (g), (h) and (i) are

substituted in, and one gets for the Doppler displacement the quotient function

Q=Vr/c



Fsest - Fstrue + AFS Fstsue - Fsest -AF and substituted toget hgl}_ kih,@\ooé
e receilv

quotient function Q after equation XXII into equation XX for i ng
frequency (which equals the true Doppler frequency Fmc). Fttue = (Fsest -
AFs) [ 1 - Q(Axor Ay,, dvx, dvy) I(XX,L1) Wth an error difference of AF,
the Doppler frequency Ftruc is esti mated as an error Fr,, °~ Fest - AP and

substituted in equation XXIl1l. For each bearing angle neasurenent i, the

Doppl er t he estimated position Ft ESC AF =

G ?%g} jﬁcf%@%@?&éog')iﬂé%@b@e Q? A?’r%%gbvw\ ff&v y) I (Y.XFV) The error vector

AP is to be estlmated including the error termAFs for the estimation of the

sendi ng frequency SI Aye,, Avg, (c)vy, ARJ (XXv) Jr MAY 2066

17 Thegerrg((rjgaqegt oy | IA]PP'Q@S OX@S)' Rad he Abg r;) Rer,, f+ ekﬁje)"lcy t he

equati on XXIV in & Taylor se gs and IS Uwreﬂﬁﬁ%}-tne second el ement .

1 OG G (AP) = GIAP) MAP=0T VK ka Pl * Pdst pa- AR The estinated

Doppl er fr@@? iy Fi est equal s the rreasured reception frequency Finess for
O %p o= FESClI Ap=a=

The sending frequency F3, which is beamed from the object, is estimated with an error AFs.

Foest = F + AF

strue 5

Fstrue = E-Isest - AF

=5

and substituted together with the quotient function Q after equation XXII into equation XX for

the receiving frequency (which equals the true Doppler frequency Firue).

Fere = (Frse — AF,) [ 1 ~ ofAx,, Ay,, Av, Av,) } | (XXTIT)
With an error difference of AF, the Doppler frequency Fine is estimated as an error
Fire = Eg — AF

and substituted in equation XXIII. For each bearing angle measurement i, the Doppler frequency

must be determined from the estimated position
B = AR, = G,(AR) = (7, - AFS)[ 1 - QAx,, Ay,, Av,, AVY)J (XXIV)

The error vector AP is to be estimated including the error term AFs for the estimation of the

sending frequency Fsest.

AP, = (Axo, Ay,, Av,, Avy, AF:) (KXV)



F,, . (XXVI1) Equation XXVIIl is substituted into equation XXVI dr,@g( BEBE
for the esti mated Doppler frequency: Fiest = CI(DP) = F, cre =X AP, a
sum which equals the nmeasured reception frequency Finmess plus the frequency
difference AFi G (AP) = Finess + AF =17Fi est AFi .  Finess - Fiest. For
determ ning the Doppl er frequency, one nust mnimse the frequency

difference AFi: AF, _ 1=1 a&x aAp_ ea=o0 ' AP, (XXVIIlI) s AF gil - AP, -

F, i ~ESS 06.18 T rtial differentiation of the
esti mat i g?%gﬂéﬁ%%%\%@/ %8‘? go fg Sﬁlﬁ aeu{]}% %ﬁ?egﬁﬁq&? 1i]%ntge oy bﬁ’“ gltxﬁ\érm &quat i on

Xl is St deliskt 56 id th t vector APl according to the equation
XXV, oneﬁggt S et]hea f ;SetqG%aﬁl%jya%%#é?%cgll{d;eg{me@g ii) in the followng relation:

Fsest Ryiest - "priest ’ ) prsi est T Ryiest , Ryiest)
-— aGi
G:(AP) = “’i(AP)eAM“LZ —— || - AR [XXVTI)
| o | oAp, ‘

The estimated Doppler frequency Fiest equals the measured reception frequency Fimess for AP=0:
G; (AP)!AP=G= Fieselar-6= Finaos (XXVII)

Equation XXVII is substituted into equation XXVI and one gets for the estimated Doppler

frequency:

: > | 0G,
Fiest = Gl(AP) = Fimesg + Z [EA—];_ lAP‘:O} ’ API.
1

1l=1

a sum, which equals the measured reception frequency Fimess plus the frequency difference AF1

Gi(AP) = Fliness T AF:i. = Fiest

AFi = Finess — Fiest.

For determining the Doppler frequency, one must minimise the frequency difference AF1:

2| 0G
AF, = ; {EATi IAM] - AP, (XXVIII)

N
&3l

5
AF:'L = Z 91 - APl T “imess Fiest {(IXXX})
1=1



nest C- Riest px - Rest2ZR. (RR +R R) lest R_ nest @Mﬁe tA@@é
yiest gig =yiest 2 hc - Rest x - Res' Fses' gi3 - Priest 4g| C?-

Riest ~seet gia Ryiest +gig 4ti C- Rest XXXI XXX1i XXXII'l XXXV
Priest - Ryiest + Ryiest - Ryiest XXXV gi5 = C Ri_s+ Many frequency
coefficients gil are multiplied with t%e corresponding error of error vector
APi after equation I XXX. The frequency difference is iteratively m nimsed

th h erb8tior X : O%VI Liop. of the.target
toget her Wt The searT g aﬁafytég%g??%?ﬁn o b B8R B!

esti mat e@(m%ﬁh%tlﬁml)@(ﬁﬁst S%Estl‘?\ﬂyc?‘xtnl %r he ¥rtor \R%r A%’?accor%mg to the eqltlaafljg)n

XXV, one gets the frequency coefficient (gi1) in the following relation:

The

g;l — Fsest inESt _ inest ) (inast ’ R‘:ies* + R
c-R x - R. 2

iest

riest R' )
yiest ’i"“] XXX T

iest

gy = Fsest Rlisst _ Ryiest ) (inest i R.\:iest -: Ryiest ) Ryiest) XXXTI
* C - Riest ; z - R.‘Lest
F
giB = e inest + gil ! Atl XXXIII
c- Riest
13 .
Qi = —5— Ry + Gy ¢ ALy XXXV
c- Riest
9. = R:I,iest : R.lest + Ryg_es: . Ryiest _1 Y
i5 XXX
c - R;

|
o
7]
o

Many frequency coefficients gil are multiplied with the corresponding error of error vector API
after equation IXXX. The frequency difference is iteratively minimised through estimation of the

x-y component of the position of the target together with the bearing angle difference according

to equation I.

The estimated bearing angle after equation 1



Rxiesz - DR .; | yies - ARy_ IV is developed in a Tayl or Serie‘ﬂ(aaé Q@)Oé

error vector AN = (Axo, zXyo, wx, Avy). This may not contain t req

error AFs, but is otherwi se equal to the error vector given in equation XXV,

and is truncated after the second el engnt: Biest (AP) L Biest IAP=O Wth

aB est OAP, hli as termcoefficient, one gets: + E aBiest | dP=O1 ,=1

t 30P1 Here, the estinated bearing angle Biest equals the neasured bearing

angl e Biness , when the error vector AP equals null. BiesdaPno = Buness VI

The termcoefficient hig .in _eq}mtl on Vis determ ned through parti al

di ff erent iBition Brctas —e< bearing angl e Brest accol¥ing to equation

IV after the path errorf‘;ac—[}d T/éf}qqclty conponent error of the error vector AP
= (Axo. Ayo, Avx, Avy); 20 hi-, _ a$+e=t

is developed in a Taylor series around the error vector AP1 = (Axo, Ayo, Avx, Avy). This may not
contain the frequency error AFs, but is otherwise equal to the error vector given in equation XXV,

and is truncated after the second element:

ap=0 T Z lPSt ‘AP:O ’ APl

Biest (AP) = J.es T

OAP,
With
aBiest = h
aAPl AP=¢ il
as term coefficient, one gets:
4
Biest(AP) - Biest AP=Q = Z hil . APl ’ vV

1=1

Here, the estimated bearing angle Biest equals the measured bearing angle Bimess , when the error

vector AP equals null.

Biest ap=0 = B; VI

imess

The term coefficient hit in equation V is determined through partial differentiation of the
estimated bearing angle Biest according to equation IV after the path error and velocity component

error of the error vector AP = (Axo0, Ayo, Avx, Avy):



0AXxO dF=0 =t | arctan Rsiest - ARs, r7x, Ry.eet - ARY 4yiest | é”?‘-?/-\i.&\obé
differentiation after AP2 = Ayo gives the termcoefficient: h a3~ _ ~Xiest
(Rxisst)2 f Ryiest (1) (2) One gets the coefficient hi3 and hi4 through
partial differentiation of the velocity component errors Avx = ZXP3, 4vy =

AN and substituting into (1) and (2) ti3 _ aBiest IoP=0 = At; . aaV_ (3)

(4) The termcoefficient hi3 and hi4 equals the product of the tinme interval
Ati and the termcoefficients determned earlier, hit and hie. Through
substituting (198, (), (3p and (t4) A.N_equetion 5, one gets the bearing angle
di ff er encé'd arn AL imsqugg gre ?Ilrﬁess_—AR;

yiest

h e B Ryiast
13 =

: (R'xiest)2 + (Ryiest)z

The differentiation after AP2 = Ayo gives the term coefficient:

aB R xiest

hy, = aieSt = —(" “'F (2)
OAy(J AP=§ (inest)2 + Ryisst

One gets the coefficient hi3 and hi4 through partial differentiation of the velocity component

errors Avx = AP3, Avy = AP4 and substituting into (1) and (2)

aBies
hy = "a_A——v:“ lAP:G = At; - hy, (3)
aB‘es ‘
s = —a'gf_t{m»zc = At, - h,, , (4)

y

The term coefficient hi3 and hi4 equals the product of the time interval Ati and the term

coefficients determined earlier, hi1 and hi2.

Through substituting (1), (2), (3) and (4) in equation 5, one gets the bearing angle difference D

and its square &:

2 2
5 = {Bmt - Bmss] = [ h,, - AP, ] VII

The estimation equation for the object data is formed from equation VII and IXXX.

s
L[
| ad



~2-E 4 hil APl 1=1 2 VIl The estimation equation for the obje d _gris 006
formed fromequation VII and | XXX. 21 Wth each neasurenent angtgéﬁanﬁfga

of the hearing angle Biness, Biest and measurenent of the reception
frequency Finiess and estimation of the Doppler frequency Fiest, the m ninum
is iteratively determ ned over |i, measurements and estlnate§: \r, }J

1 JinB6.". 19t ((1 .-1 + It,imeaa Fleetl = yftit~ 1.. Qfh,, AP, a AP, ~

I = tr nwih AcH heastheht Ak Qe ﬁ&ftthéjl?etaﬁné Q‘%ﬁe\?\lﬁ?mﬁsﬂ Bl hgnd%%is;{wﬂlar{t %5“ yes t he

est
position, velocity and course of the object the“o a vector P

=(x, vV, Yeteptio) , fréﬁ)]elﬁkgliirgesss mtiﬁla{i&ﬁ arenc bpﬁglégﬁ@cﬁl;r)g%t ]ﬂesls Elj‘jaee (%?nﬁ%grtfl 1Cs) n

frequency Fzi, Fz2, and Fz4 over the tine t 0 hése

obj ects athikgatbdrMfied avR 1f MEAMERAEMs fidl etitQ0 Hz. Each reception frequency
Fzi, Fz2, Fz3, Fz4 consists of an object termand an own term because of the

relative radial velocity conponent VR fromthe carrier vehicle and the
object. Th ’Qgequg%py qqke' urikhg the start and duration of the object
is, with a?%oﬁ?ﬁant“ﬁgfocﬁvv of «#he” dbj’ect, dependent upon the neasured
hearing angle R nmess. Wiere the reception frequencies Fzei, Fze2, Fze3 and
Fze4 equal s the sending frequency Fs=1000 Hz, the radial velocity conponent

1 d th
woul d equai['gj ﬂhila-nAsz fi [9'.1 . AP,_]E} = min AKX

iml {22 1m]

The calculated object data (based on the minimum) gives the position, velocity and course of the

object with the object data vector P =(x, y, vx, vy, B

Fig 3 shows a frequency diagram with the reception frequency Fz1, F22, Fz3 and Fz4 over the time t
from 4 objects. These objects all beam the same frequency Fs = 1000 Hz. Each reception
frequency Fz1, Fz2, Fz3, Fz4 consists of an object term and an own term because of the relative
radial velocity component VR from the carrier vehicle and the object. The frequency stroke
during the start and duration of the object is, with a constant velocity of the object, dependent

ure ring angle Bimess. Where the reception frequencies Fzel, Fze2, Fze3 and Fzes
equals the sending frequency Fs=1000 Hz, the radial velocity component would equal null and the
place of the next approximation CPA reached. For the first object Zi, the Doppler displacement
of the sending frequency Fs and hence the frequency stroke of the reception frequency Fz1 from 3
Hz and the passing time from the CPA of 7 minutes is the shortest. For the fourth object, the
Doppler displacement and the frequency stroke of the reception frequency Fz4 is the largest, as the
fourth object comes close to a collision course with the receiving modifier system. The frequency
stroke corresponds to a quotient function Q according to the relative, radial velocity components

VR between object and carrier vehicle in equation XXI and XXII.



pl ace of the next approximtion CPA reached. For the first objec ﬁa \zh
Doppl er di spl acenment of the sending frequency Fs and hence theﬂ—ér Ge %OOé

stroke of the reception frequency Fzi from3 Hz and the passing tine from
the CPA of 7 minutes is the shortest. For the fourth object, the Doppler

di spl acenent and the frequency stroke 0f the reception frequency FA is the

| argest, as the fourth object cones close to a collision course wwth the
recei vi ngppdif.d; 5 The. f. . St e corresponds to a quotient
function O accé‘rlgrlI ﬁﬁxt%rﬁghg tlra]gse{\lt; i%ig/]:l}e{,qﬂ]r%yalc?fea d \% 00 t8d erTB’S?fBWg&ear R between
obj ect apgicarld gkq Meh [ ion XX and XXI|. 22 The esti.mation

equat i ong‘%xx t akes ?{lnhéecglétﬁontj?eﬁgg}léﬁt erv'a?%ﬂ %éss t}?)éﬁéea%%%gta??fev 48udd
bearing .apg£uRi 3 ' requency Fimess. Fromthis, the
beari ng, Cdi stahcé’g}%\%so@?cttgagﬁé%%gﬁérlgge% ]%a‘e obj ect as object data are
iteratively determned. Fig 4 gives error plots for the determ nation of the
obj ect data, where at the beginning of the journey, the object's distance
to the i g PBhECLINGdiSH | > bearing to objective is 130=0. opposite
the nort h%di ‘r’ect% oon%l\kgs,S 0t%(rgheeké\lle ngén?lﬁ}] %iﬁ] O%f%t tath %ﬁ‘f{f &t ﬁFWSgIEIBEﬁ 8E™8f ¢ he
obj ect 1 %,AR%: the LSO carrjoer vehicle is 25 and ts velocity
is 6 kt sJ.%uFi g’.t 4a Jsﬁ%vx(/is{%glt%ﬁg{ th%ﬁ% % atr“?enlé’ jfoglﬂ’utrgee qUPE Ay OVREVE AL PP“ j our ney
lies Wt i LEREal M +0. The relbatjve distance error qyer tinme
AR / %igﬁﬂgiyver} |Bn Fclhgc%]hNéT)’fﬂ]ee Véeg)tc ?yn%a{'?(r)nr/ls 0:2 Elg(t%ét%eﬁ?“sﬁeaoﬁglée J‘?:Cbﬁvlg ges after
15 i nut g3 And QR R 20 IRLE G . LS, AT r 20 M nutes, a deviation
fromless than f 10 % W thout NBROBUVS s e vef"ocity error is shown in
Fig. 4c, it lies at 17.5 mnutes by an object velocity of 11.3 nis in an
error width oft 1 mls. The course is already stable after 10 m nutes and
lies in g.ehf Howd GbinQ@earth fai in Fig 4d. A false neasur. t of the
bearing angle Bi n’ess%ge)geaalﬂég fal %3‘33’\.3??2%5 Hre TRy i WZ,[LPOE’!”' @Tolré”'gtgﬁ’ m nat ed
t hrough iged ygi 0a.RE 4t by Jreasured .and estimat ed beari ng angl e
during the passage ois ? ﬂegé/rg%?)rg?ret%evé iE;cI"éS go{tvenc](%'nlz‘;11 g‘ﬁt %%%ﬁﬁngﬁl“%rhafa@‘él ocity
along a gea&ald edve ' Thi stepmtic hearing err & appears for
exanpl e, V\,fa]en tFa Vgr:%}é\ge]%f%?‘ g%%ﬂgﬁ?so%}xdsshg\k{s Ey E@ Monte%a?lo rm% a?’ter 96 minutes, a

deviation from less than £10 % without manoeuvres. The velocity error is shown in Fig. 4c, it

lies at 17.5 minutes by an object velocity of 11.3 m/s in an error width of + 1 m/s. The course is

already stable after 10 minutes and lies in a error width of + 10° as shown in Fig 4d.

A false measurement of the bearing angle Bimess because of a systematic bearing error‘S is
eliminated through inclusion of the average of the measured and estimated bearing angle during

the passage of the carrier vehicle at constant course and velocity along a so-called “own

distance”. This systematic bearing error 9 appears for example, when the direction No for
example, through an erroneous determination of the own position because of the modifier system,

is not exactly pointing in the north direction No (shown in Fig. 2). The systematic bearing

error 9 can appear because of errors in the compass display, through sound in a slanted angle at

the bearing plane or through use of a tow antenna through water currents or currents influenced



exanpl e, through an erroneous determ nation of the own position,bec
therrpm)di fier sgstem is not exactly pointing in the north dir EJ’J%SZ gOOé
(shown in Fig. 2). The systematic bearing error 8 can appear because of

errors in the conpass display, through,sound in a slanted angle at the

beari ng plane or through use of a tow ant enna t hrough water currents or
currents influenced J G MAY aC®6 23 by the propeller of the carrier vehicle.

The bear bpethedRGLFer Bf MESSrikiS MRS Wﬁ%aﬁ%gﬁ ess? S0 E?eg%? £ (oL tq?]gc?%,[ Iegt hon

No' and i's bigger bythe bearing erro I'mna ess
bearing value $ , bearing angle nean is calculated over |k neasurenents of
Bi ntss. Wﬁl‘bﬁ”@%%@&@u@ isdhigger i thebdariteeroals. Ati. i:n2s And the mean of the

estimated bearing angle Bien after equation | can be calculated: Boar =1
aret:an Rxroee - AR 1 = arctan R ;at --A--k |k 1-i RYSeez - ARYi Ry,,: -
ARY IT The estimated difference values are fornmed fromthe difference of

the actuah #5hhRHECDEANING.ADT,G, B e5tualter, eauation | and the mean of

the estinmated angle qualonl -K =
Bi aat B. measu%hts Bfﬁi%ess’, Wﬁ‘Bh 1S rllzeasured at time intervals Ati.

mk = - 2 By rass

P SENY

And the mean of the estimated bearing angle Biest after equation I can be calculated:

—F 1 Ro.... —A R, = AF
an‘; = o Z arctan —Eﬁ-————R‘}—l- = arctan ¥egt AR)’.
s Rytose — ARYi Ryest — AR,

Iir

The estimated difference values are formed from the difference of the actual estimated bearing

e

angle Biest after equation I and the mean of the estimated angle Best after equation II for each

“own distance” k:

k

N

Fi = Bieat - Bgat :_EII
Ff = ar’ctan Ruese = ARy _ arctan ————--——-’“t AR v
yiest ARYi Rxest - ARy

. ) F* . ) . )
The estimated difference value “* is developed in a Taylor series with the error vector AP = (Axo,

Ay0, Avx, Avy) and truncated after the second element:



ac=an | Rra:t - ARY; Rxeec - ARY Iv The estinated differenciy/% tl ol
devel oped in a Taylor series with the error vector AP = (Axo. A aﬁp‘\-/,&\%{y
and truncated after the second elenent: j _c~ MJ4COE _ -Kr - 3iaat - Seat

1l Fk = arctan Rxiee~ = Q 9xi - arct% R, . azc Afiz TV Wth aft _oAP_l AP
Ryi.:c - ARs,; as coefficient, one gefs 24 Rxeet - ARy F~ (AP) - Fi Yj2 -

AP, where, shows the difference in the neasurenent values fromthe actual
measur ed bearl ng angle Biness and the mean of the bearing angle on a "own

di stance" K medsured.hearing angl e Bness. The III
Flk = arctan Bnie:':. - ARM _ arctan = nst AR v
Ryi“t . ARY—’- Ryper ~ ARy
With
X
OF;

aAPl imﬁ—o = Ylicl

as coefficient, one gets

4
FY(AP) — Ff]az-o = Z Yia

Ll

where,

Kk - k
‘“F:L]AP—U - Bim:‘au = Bmass.

shows the difference in the measurement values from the actual measured bearing angle Bimess

and the mean of the bearing angle on a “own distance” k measured bearing angle Bmess. The

"k . - . - - - - -
coefficient "+ in equation V are determined through partial differentiation of the estimated

difference values Fi according to IV after the path error and the velocity component error pf the

; 9 b3
error vector AP = (Axo0, Ayo, Avx, Avy). The coefficient ¥il s set out of term coefficients by

bt 3

and its mean ™1 together. The term coefficient hil is differentiated from the equations (1), (2),

(3), (4). The coefficients are:



coefficient Ysi in equation V are determ ned through partial ¢jf{ferentiati,on
of the estimated difference values Fi according to IV after gﬁé Sﬁf’%%r‘%ﬁ?@é

and the velocity conponent error pf the k p error vector AP = (4xo0, Ayo,
Avx, Avy). The coefficient i 1 is set t of termcoefficients hy and its

mean "= together. The termcoefficient hit is differentiated fromthe
equations (1) (2, (3, (4) The coefficients are: ar,.. HAY a006 25 Yil =
hk - (5) hA ez-hz (6) = Isty i hL (7) L ,1 Yi~=At,h -h (8) i2 Through

substl tuti olflL of Hthe goefficient 7il in equatl on V, on )gets as bearing angle
difference the difference fromthe estimated difference value value ilA .’
according to VI: Fx i according to IIl and the neasured difference The
measuri ng ag:rglehdl f.f;erence after equation VIII and the frequency di fference
after equation

-2
[ gkan
1a
|
B
rt
[®
=
=
e
[
¥
W
o~
N
Q

k Tk
Yig Ati}: hy, ~ h, ] (8)

Through substitution of the coefficient i1 in equation V, one gets as bearing angle difference the

F]’.

difference from the estimated difference value *i according to III and the measured difference

value 1}‘“"’ according to VI:

Dl = { [Sigst - BGBE‘ J - [Bimnas - Bmaasbc J} =

a 2 ' VIIZ
= Z{ [h’;l - h" }-Apl}

i

The measuring angle difference after equation VIII and the frequency difference after equation
IXXX form the basis for determining the object data and are iteratively eliminated over 1k

measurements and estimates:




| XXX formthe basis for determning the object data and are iteratively
elimnated over Ik measurenents and estimates: (r J t42 5fl Lﬁlﬁﬂ%bﬂ*ﬁﬁ%ﬁ@Dé
-~~ b I( Beet + L Fvnuse - task 91i-0OP12 I=rain XL 16 HAY a006 26 Fig. 5
shows error plots by an estimte of the object data after equation VIII,

where the carrier vehicle nmust have been manoeuvred as there are no
frequency neasurenents and estimates used for ana:y5|s of The Objeft ?ata.
Fig. ba i , . t] 0, re ..lt anpunts to
Foughl'y 12 an narck b oS of TRl bl Blthevh ppihe B B Sranoeuvr e
of MI i sekibanRstiald BA nR¥odubRd REREINE rﬁ){ frre%;,ler;[c ﬁneés%‘re%neé@%é&ﬁ‘sf n%gt 04+12

after the end of the manoeuvre and trave e secon pscen . By

. . . € q
the next reranaeivrend\ddiafd.gf 8 mnutes, the bearing error"junps_to 1.? an
remai ns unchanged aurfngzkhe measur enent al ong the next "own di stance". The

manoeuvres M1, M, ... M are each shown and numbered by vertical lines on
top of the error plots. The distance errors AR/ %in Fig 5b, velocity error
AV nmis in Fig. 5¢c and the course error K i Fig 5d are after 15 m nutes and

three mafitfedy phows Wharing tahnersivahtiesrroo failwied? h. It Fnguntsto shewly le2°biutiskihschemat i ¢
of a sonar receiving device for the determ nation of the target data P with
an adapt IVEY oYY “eysdigaced Bvdirdatmoberrd M angredBisaeisshabdriigaapt i on
frequency Fimass. Reception signals of a nodifier system 10 are detected in
a di r ect Pbnl-pr Bereasigr 011! I hafsudhe endueft theenaposyensdt irorl of thehased cowpensat i on
and bundl ed into group signals and the object is

distance”. By the next manoeuvre M2 after 8 minutes, the bearing error jumps to -1.2° and

remains unchanged during the measurement along the next “own distance”. The manoeuvres Ml,

M2, ... M5 are each shown and numbered by vertical lines on top of the error plots.

The distance errors AR / % in Fig 5b, velocity error AV m/s in Fig. 5¢ and the course error K in

Fig 5d are after 15 minutes and three manoeuvres within a normal error width.

Fig. 6 shows a block schematic of a sonar receiving device for the determination of the target data
P with an adaptive filter system to evaluate bearing angle Bimess and reception frequency Fimass.
Reception signals of a modifier system 10 are detected in a direction processor 11 through
runtime compensation or phase compensation and bundled into group signals and the object is
detected under the bearing angle Bimess with a measure arrangement 12. The measure detection
12 is steered from a control circuit 13 in intervals of At. The entire signal processing runs in
intervals of Atl. The measurement circuit 12 is junior to an estimation circuit 15, which uses as
entry data: the north from a compass arrangement 16 No as reference direction, the own position
Xe, ye of the modifier system 10 from a navigations device 17 on board, starting position Po = (xo,
yo) of the object from starting circuit 18, velocity component vix and viy in x-y direction as well

as an error vector of AP = (Axo. Ayo, Avx, Avy, AFs) from an estimation system 20. From these



detected under the bearing angle Biness with a neasure arrangigggéy%%i T£§5ng
measure detection 12 is steered froma control circuit 13 in-= ‘é

At. The entire signal processing runs in intervals of Att. The neasurenent
circuit 12 is junior to an estinationfﬁircuit 15, which uses as entry data:
the north froma conpass arrangenent 16 No as reference direction, the own
position xe, ye of the nodifier system 10 froma navigations device 17 on

board, Stk kg HRASMARR Qi 5(XQimakk® ch&fd hg tl}%tyst?rr%tiog Eonfxosr;[ O <ﬂ circui t

18, veIOC|ty conponent vix and viy In dicrection as rror
vector ofhRom c(nemq{xlé s, AN parh Y S)ARf sklmatd.on system 20. From
t hese - ?6 P X Mglséntr{/aa atg. Re s??%gpwgﬁméﬁﬁgﬂ"hl%a WSt | mat ed

accor di ngnglpg,t.shsc95;1atsmgﬂepshumqm%h(ﬁ)mﬁ%ger&'é‘;)r wiPath conponent Riest,

Ryiest, and path error ARXi e estimtion val ues, a bearlng
angl e Bl est is calcul ated after equation | through an arctangent circuit. In
a bearing angle difference circuit 23. which is junior to the estimtion

circuit £ 3C MiorR Bstesi Ry 8t Ls errar AR
ARy and %ﬁae?e:ahggeﬁginéddgﬁ% g?ef?n&it?efgﬁg?gﬁmé ﬁﬁ% e?tp%(o euﬁggi%ﬁ S(tiT)at (2),

(301 o\ 2) e bRl R PAA RN OB AP 5 DL ’ten%hc%e FOSLL pehgat 1L 1s

cal cul ated after equation ( sunmmari sed &8Ur enent
angle differences after the estimation equation VIl and VIII: Sirar_ h k tl
L ~ C itequagony(ly (2)1, (3phi () as v s its fnedn value - formed. From this, the coefficient Y41 is

calculated after equation (5), (6), (7), (8) and summarised as measurement angle differences after

the estimation equation VII and VIII:

. e 3 2
6i. = [B_{maag - Bj_egt:l = Z{ hil - APl} VII

VIII

2243{ [ E:k] : APl}z = min

1=

Over i=1x measurement of each “own distance”, whose number 1k is already given in a steering

circuit 60, the measured and estimated bearing angle Bimess and Biest are evaluated. The time

period 1k . At gives the filter length.

The group signals at the beginning of the direction processor 11 are analysed in a frequency
analysis circuit 24. The calculated reception frequency is added to a frequency difference circuit

25, which is junior to the estimation circuit 25. The frequency difference AFi after estimation



2 AP,J = min Over i=1 k neasurenent of each "own distance", e pﬂg@fré{@oé;
is already given in a steering circuit 60, the nmeasured and &stimated
beari ng angl e Biness and Bl est are evaluated. The tinme period 1 k. At gives
the filter Iength. The group signals af;, the beginning of the direction
processor 11 are analysed in a frequency analysis circuit 24. The
cal cul ated reception frequency is added to a frequency difference circuit
25, wWhi CRqdaSioh WaKR"; Ahe i i j i The freguenc i fference
AFi afterqestinatiézaﬁ% ﬁwﬁ?ﬁ%!%g%hggﬂgfJ@?%%H%ﬁyﬁi%ﬁ? %ﬁé?%#%é@mg?on1the
est i mat edyifpatfe FCRITPRIN ' , | ast Aand 4 k8. es with time R xiest
and Ryi est as wel | ggeyg%lgs‘e%ﬂr%?%e@i@éAﬁ% qunéﬁA%}l%gAn “Akyi: 5 AFi - 1 g, 1
" AP, = Flinebb - Fiest 1=1 (I XXX) The outputs of the bearing angle
differentiation gircuit 23 and the frequency differentiation circuit 25 are
| i nked toAEpeEiﬂg}g%jonﬁgphiqutSBQJthre, the mi ni num of (tRgxsum of the
bearing angles idifrerence and”?requeﬁby difference or its squared
difference values is determ ned according to the estimation equations: yly
[ hii dP%{ + E [%,, AP111 = lain i=1 and

e outputs of the b

caring angle differentiation circuit 23 and the frequency differentiation circuit
25 are linked to the iterations circuit 30. Here, the minimum of the sum of the bearing angles

difference and frequency difference or its squared difference values is determined according to

the estimation equations:

4 5
> [Z - AR FE + Y g, - APJEJ = min (XXX )
1=1

1

i= i1=1

and

(XL)

The minimisation is run for so long, until the error vector AP1 reaches a lower border APi which

is lower than the limit APmin.

In the estimation circuit 15, path components Rxest, Ryest as well as path errors ARx and ARy for
each bearing angle Bimess are calculated for so long until the error vector AP1 reaches a lower
border AP1 < APmin. Except for a determined rest error limit, the estimated bearing angle Best

equals the true bearing angle Buue and the estimated path and velocity components Rxest, Ryest,



1=2 2 AP, 1 i Lr hik h'l ~hi wuwulLL=11=1 (XL) (XXX ggiglﬁq/gz:éqtngé
The minimisation is run for so long, until the error vector reachés a

| ower border APi which is lower than the limt APmin. In the estimation
circuit 15, path conponents Rtcst, Ryegt as well as path errors ARx and ARy
for each bearing angle Binmess are calculated for so long until the error
vector APl reaches a |ower border APt < APnin. Except for a determ ned rest

error |i Qde viheqesti ed.hepq ghinbesk requ Ls the tgue beari ng angl e
Bt ne andmtﬁbviﬂtﬁﬁgsgg%%a?ﬁ gﬁﬁ‘GEcggi%ypgbh%onéntg”ﬂ&c§fﬁ %?mgéf MAC f

9, 006 29 eynadd DIpRE EfkAly Hil) %gﬁaﬁsytﬁe ?ﬁ%ﬁﬁ%geg Iﬁ\eé Lleﬁgyi EYe %@%@tﬁcﬁ{c%&?ﬁg c,

Rtrue, Vxme, Wtrue and the stimate requency s the

true Dopgi; - T . m i rcuit. is_ shif n after_the
L oraty oNREd bf BRARC NerEi ol B0 bhdTbonBls b dimidod SronB Bl 5680 Bt 10

' ..abj |.d.. i di spl ay 100.
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Fig 7 shows the reception frequency o he obj ect beaned spectral
line with a sending frequency of Fs = 1000 Hz) over a tinme progression,
when the carrier vehicle with the nodifier

Fig 7 shows the reception frequency of Fz1 (from the object beamed spectral line with a sending
frequency of Fs = 1000 Hz) over a time progression, when the carrier vehicle with the modifier
system is doing a manoeuvre. For the measurement of the manoeuvre M1, the tow antenna is
important, which is started at a time t=15 minutes after the object has at the time t=7.5 reached
the area of the largest approximation CPA, where the reception frequency Fz1 equals the sending
frequency Fs. At the beginning of the measurement, the reception frequency Fz1 = 1003.8 Hz and
after 15 minutes it equals 996.3 Hz. At this time point, the tow antenna is turning because of the
manoeuvres M1 and the reception frequency Fz1 begins to rise to 998 Hz. At the end of the

manoeuvres, the reception frequency Fz1 goes down again over a time t.

The invention method, with addition of the time progression of the reception frequency Fz1 after
the determined object data in Fig. 7, can be gathered from the diagram in Fig. 8. In the scenario
as shown in Fig. 7, a manoeuvre is done after 15 minutes. Fig. 8a shows that the course of the
object, which lies between 28° and 34°, can be estimated with stability already after 3 minutes.
Fig. 8b shows that the invention method estimated distance of R to the object converges after less
than 2.5 minutes. One sees, that the distance R comes down within the first minute and reaches
the CPA after 7.5 minutes. After that the distance R to the object becomes bigger. Fig. 8c shows
the progress with time of the estimated sending frequency Fs = 1000 Hz. After 15.5 minutes, the
curve is interrupted because at this time point, the own manoeuvre M1 of the tow antenna is

started. During this course manoeuvre M1, no measurement data is evaluated. The velocity



systemis doing a manoeuvre. For the measurenment of the man r t
tgw ant enna isg inportant, which is started at a tinme t=15 rc'r)ﬁ%tg’slma t(?pétoh%
object has at the time t=7.5 reached the area of the |argest approxination
CPA, where the reception frequency Fzl,equals the sending frequency Fs. At
t he begi nning of the neasurenent, the reception frequency Fzi = 1003.8 Hz
and after 15 mnutes it equals 996.3 Hz. At this tinme point, the tow

ant enna_ vgn/t bf fié Be? BCRLSR oA bhiRen FRAGEYYE the reception. frequency
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f requencyirdadl 3 gR8TesAOWH b@g@gnmo%VQE_ @ tinme t. The invention nethod, wth
addition of the tine progression of the reception frequency Fzi after the

determ ned object data in Fig. 7. can be gathered fromthe diagramin Fig.
8. In the scenario as shown in Fig. 7, a manoeuvre is done after 15
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15.5 mnutes, the curve is interrupted becau 'S
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certainty after already 3 mnutes as can be s rom f—"‘:'atas. Y VIR he _
cal cul at eputiaf ikddengh.ect data in Fig. 8, a filter length of 30 minutes is
used. This neans that neasured bearing angles Binicss and reception
frequencies Finmess that are older than 30 mnutes are not used. But the
object data plots in Fig. 8 shows that on can in less than 5 m nutes

est i mat eTHeRoupRigBsls ad@hfytl tdgefi& itk N Hul LU l!)&;lth%'SIegne SERSY o LS mat i on.
One can hence work

frequency analysis circuit 24. A Lofar-gram is created by using the linear side antenna or a tow

antenna as system modifier 10, where the deepest frequency spectral lines of the received noise is

recognised and its frequency Fi is ascertained. In the same manner, the use of a side antenna, a

so-called Flank array, undertakes a Demon analysis of the directional characteristics of the signals

at the start of the direction processor 11. The received sound is demodularised through a band

pass filtering. The modularised frequency is analysed and shows the same frequencies spectral

lines like the Lofar-gram. The spectrum with the ground frequency and its harmony is caused by

the revs of the sea vessel’s moving propellers.

The spectral analysis delivers for example two spectral lines at the beginning of the scenario, the
measured frequency F1 = 1045 Hz and F2 = 1005 Hz. Their progression with time is shown in
Fig. 9. Both measured frequencies F1 and F2, which belongs to the unknown beamed sending
frequencies Fs1 = 1000 Hz and Fs2 = 1040 Hz, comes from the same object and are percentage-

wise affected with the same Doppler displacement. They are compiled together into an artificial



with a filter length or tine [imt of for e.g. 5 mnutes. Thi S
advant age that by manoeuvres of the object, the object data@a?bﬁ'g‘ef 3\006

estimated with certainty after 5 mnutes again wthout operating
intervention. The group signals are anglysed together with the sounds
received by the systemnodifier 10 in the frequency analysis circuit 24. A
Lofar-gramis created by using the linear side antenna or a tow antenna as
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spectral lines at the beginning of the scenario, the measur ed r equency Fi
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f r equencyre@fencyt figsiariobd Hei al spectral line is for e.g. fixed at Fkunst =
1030 Hz. For determ ning the reception frequency Finmess, many frequencies
Fi, which are neasured in tinme interval At, are captured, conpiled and

val i dated. These validated frequencies FEi is used for the transformation of
t he measuzﬁ@d frghguency Fi saphere the fictitious spectral frequencies
Fkunst is dixi ded”faysat e +flequency Fgi and then nmultiplied with the
nonentarily neasured frequgag;y Fli. One gets the

The second measured Frequency F2 amounts to 1005 Hz and is recalculated by the same fictitious

spectral frequency Fiunst = 1030 Hz, where the fictitious spectral frequencies Fkunst = 1030 Hz is

divided by the validly measured frequency Fg2 and then multiplied with the momentarily

measured frequency Fai:

. — — “hunst
sz - Fimass = P ' F, 24
g

Fig. 9 shows besides the measured frequency F1i and Fai, the frequency Fx1 and Fk2 over the time
interval t, which shows an offset of circa 2.7 Hz to one another. The transformed frequency Fx2 is
displaced or reversed at its mean deviation in direction of the transformed frequency Fki. The

results are shown in Fig. 10. The progress of the spectral line Fx is supplied as the reception

frequency Fimess for the analysis of the object data.



frequency values on the artificial spectral lines transforned a
neagurenent val ues of the reception frequency Finess, mhrch-ﬁgzgg{fﬁfaé§gﬁ%g
tight border around the fictitious spectral frequency Fkunst = 1030 Hz.

'ki = Ruses The second neasured Frequgncy F2 anpunts to 1005 Hz and is

recalculated by the sane fictitious spectral frequency Fkunst = 1030 Hz,
where the fictitious spectral frequencies Fkunst = 1030 Hz is divided by
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reception fredquency Finess is shown In I ag rant
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the object are already stable’into t rst manoeuvre ( ﬁtnutes
as shownafidd 3FhiButesl1 b. The distance R between the carrier vehicle with the
nodi fier systemand the object amounts to 7 kmafter 5 minutes. Fig. lie
shows the velocity v/m's of the object over the tine t, which also assunes
stabl e values of between 3 ms to 5ms after 3 ntnutes Only the course i's

not yet ohgand é/oug;@tlﬁﬁdpygta@éaﬁy (él%f'rﬂgabtléﬂ'au?mg i1®ide 25 B3V i plgFl %8 B']h;l' atdo

al so
before the first manoeuvre M1 is started, the course is estimated with certainty after 7 minutes.

After 8 minutes, the carrier vehicle manoeuvres at a velocity of M2. It can be gathered from
many object data plots 1a-11c, that this velocity manoeuvre M2 does not disturb the object data
estimation, but confirms the current values. The manoeuvre M2 ends after 4 minutes. This
velocity manoeuvre M2 leads, because of a change in the radial velocity VR, to a change in the
Doppler displacement and with that the reception frequency Fimess. This change is not noticeable
negatively during the analysis of the object data. The second velocity manoeuvre M2 after 19
minutes also does not lead to a lost in the object data determination. After 29 minutes, the carrier
vehicle travels a course manoeuvre, where the bearing angle from vessel to object changes and
this change is very large. During this time, a stable estimation of the bearing angle is not
possible, as can be gathered from the gaps in the curve in Fig. 11 a. After the manoeuvre M3
ends, the stable estimation of the bearing angle is again possible after 32.5 minutes. This course
manoeuvre M3 does not however disturb the course determination k of the object (Fig. 11d), nor

the distance estimation (Fig. 11b), and nor the velocity determination (Fig. 11¢).

In summary it can be determined, as shown clearly from the object data plots in Fig. 11, that the

first object data estimates without manoeuvres reaches a convergence time in less than 7 minutes



before the first manoeuvre ML is started, the course is esti dywi
certainty after 7 mnutes. After 8 mnutes, the carrier vehggkg hﬁk%ghéﬁgé)é
at a velocity of M2. It can be gathered from many object data plots la-1lc,
that this velocity nmanoeuvre M2 does not disturb the object data

estimation, but confirns the current values. The nanoeuvre M2 ends after 4

m nut es. ThIS vel ocity manoeuvre M2 | eads, because of a change in the
radial  Velo@iat YheVRiodi§ dCOARGSmirle W& QpJa?rEequefE?l' ageent and wiLh that

t he reception frequenCy Fitness. Thi's ¢ ange 1s no rcéable ﬁw%ﬁtlvely
during tbh&vanalysie. of the object data. The second velocity manoeuvre M
after 19 mnutes also does not lead to a lost in the object data
determnation. After 29 mnutes, the carrier vehicle travels a course
manoeuvre, where the bearing angle fromvessel to object changes and this
change is very large. During this tinme, a stable estimation of the bearing
angle is not possible, as can be gathered fromthe gaps in the curve in
Fig. | i a. After the nanoeuvre M3 ends, the stable estimation of the
bearing angle is again possible after 32.5 mnutes. This course manoeuvre
MB does not however disturb the course determ nation k of the object (Fig.
Id), nor the distance estimation (Fig. 11 b), and nor the velocity
determnation (Fig. | Ic). In summary it can be determ ned, as shown clearly
fromthe object data plots in Fig. 11, that the first object data estimates
wi t hout manoeuvres reaches a convergence tinme in less than 7 mnutes -16
gAy' ' cbb6 33 and that the velocity and course manoeuvres of the carrier
vehi cl e does not prolong this convergence tinme. i e HA'/ aoa6 34 PATENT
CLAIMS 1. Method to passive determ nation of object data, through a
directional selective reception of sound waves beaned or sent from an
object, with an el ectronic acoustic nodifier



system of a sonar reception device on a carrier vessel of esti e pggn@m&;é
angle, which is determned fromestinmated positions of the o n
nmeasured bearing angles, there the bearing angle differences between
measured and estinmated bearing angle are iteratively mnimsed, this is
characterised that fromthe bearing angl e received sound waves is put

t hrough a frequency analysis and the frequency is determned at | east as a
reception frequency (Finess) of par fﬂ%?ﬁﬁﬁkll'ne that a frequency

difference (AFi) of the reception requency (Finmess) is calculated from an
esti mated Doppler frequency (Fiest), that the estinmated Doppler frequencies
(Fiest) froman estimted beaned sendi ng frequency from the object (Fsest)

and a Doppl er MRRAEETEMfetdrnalit LR S ?tc{ dﬁbougpja%crecti%n Ié%l'(ﬁ(%ﬂr%éécml S

Ryicst) are used to calculate the est rin ang §Wmnand

whose changes oMc;uhd V\;a'végebe(agé& &P Xenf{)ﬁloﬁ-nhzrh) Bﬂg@ctt with 91(1:" %{elctp(%xl %}‘%‘ﬁ c‘B"‘g trer m ned

and that the mninmumof the sumo arlng angl'e , Si¥)

and frequency S}q{etr; S&06E re(:éﬁo)l d?flce chd ¢ grqlé%egsel tunaet\%(ﬁb%grglﬂﬁcaglgl[ebglglfég ratively

determ ned, ( , ~, eshb - is found

by reachlng t Ltions rding to
claim!. char g%?rg?r”imgg?é&mbéﬁﬁ?q%w etfgb%ﬁ%ﬁeﬁ e '%dl{' aé“?“é%élﬁ?% W?ies’ftgeéﬁﬁ‘éncy with

a Lofar-analy§&§m%gn§%hﬁ&%n@999m§§1%FmBEEQQ esﬁF@d% ﬂgé@ﬂghgyuﬁrwﬂya

characterised by the determnation o ecep ion

Denon- anal ysi giniftisedVBiliNRAnGESE h ¢ fFharacterised by that
measured frequenci es of many Qggﬁgﬁﬁﬂﬁnﬁ%ﬁég“‘f%géé%%v? ﬁmPiéﬁ?ﬁéﬁmﬁnd f or m

measur erment s @Jou%ﬁ'% fr@ﬁa%&'aﬂﬁy&! glgfjﬁ!l@qyequency is determined at least as a reception

frequency (Fimess) of a spectral line, that a frequency difference (AFi) of the reception
frequency (Fimess) is calculated from an estimated Doppler frequency (Fiest), that the
estimated Doppler frequencies (Fiest) from an estimated beamed sending frequency from
the object (Fsest) and a Doppler displacement (Q) from estimated object positions (Rxiest,
Ryiest) are used to calculate the estimated bearing angle (Bimess), and whose changes with
time (Rxiest, Ryiest) in the bearing angle is determined and that the minimum of the sum of
the bearing angle difference (3i, 5i*) and frequency difference (AFi) or its squared

difference can be iteratively determined,

1, 2 2
ZL [ Bimess - B‘LES'C) + ( E‘imass - Fiest] } = min
i=

where the object data is found by reaching the minimum of the estimated positions.

2. Method according to claim 1, characterised by the determination of the reception

frequency with a Lofar-analysis.



Fimess. 5. Method according to claim4, characterised by tha h u
frequenci es of several spectral lines individually of frequgﬁ%ygdgpgigigggé
fictitious spectral frequency of a comon artificial spectral line is
transforned and makes up the nmeasurenegnts of the reception frequency

Fi mess. 6. Method according to claim5, characterised by that the fictitious
spectral frequency is the neasured frequency of one of the received
spectral lines. 7. Method according to claim5, characterised by that the
means of the transformed frequency values forns neasurenents of the

ti f acEdr o aimMel ar 6l ete Iina—i n50 e6 i
recepti on Ty CRLARAYackLIRE S0 Haim' Q%gﬁéﬁggrg}ﬂgb?qac ak?laﬁ?@of%%%“?requency

characterised by that a nmean squar evi ati1o

val ues is caIg@&gﬁgﬂwm{pﬁ&ﬁnéggggged transfornmed frequency value and the
transforned frequency values areée displaced by this deviation and nakes up

measurenents of the reception frequency Finess. 9. Method according to
clains 1-8, characterised by the x-y conponents (Rxicst - ORx Ryiest - ARy)

froma stargd i RRuHRESEDL: X i ' | oci t ependent. path term
L6 HAY Quob 36 % Avx;&%tt,() %\];;ya(ﬁ)lg\vggﬁa?ﬂkg%dﬁjy\\/{mﬁa{ Ve e(c)]grle l)‘/enﬁl(e)sn?{d‘%gﬁt errors

Avx, Av an inSONP ich.are multiplied with
i(ts di foent ?pgt&i?'t%r]mhmw TP eifilliea Wgefier %‘?@%?ég%‘éeﬁ%mﬁr"gﬂ“ﬁéﬁcef’té"“df:“g‘f‘ﬁ‘&ﬂ by the
sum of the x-y,conmponents and fornms the quotient function. QQAP) = 1 | RYest
- AMAI(((RESr - ARJ + (Rve.L AAV)tRY, - ART CI|Rxest - AR 2 + (Riest -
ARC, x which is equal to the Doppler displacenent, that the estinmated

sendi ng frequency (Fsest)
5. Method according to claim 4, characterised by that the measured frequencies of several

spectral lines individually of frequency values of a fictitious spectral frequency of a
common artificial spectral line is transformed and makes up the measurements of the

reception frequency Fimess.

6. Method according to claim 5, characterised by that the fictitious spectral frequency is the

measured frequency of one of the received spectral lines.

7. Method according to claim 5, characterised by that the means of the transformed

frequency values forms measurements of the reception frequency Fimess.

8. Method according to claim 5 or 6, characterised by that a mean squared deviation of all
transformed frequency values is calculated from a selected transformed frequency value
and the transformed frequency values are displaced by this deviation and makes up

measurements of the reception frequency Fimess.

9. Method according to claims 1-8, characterised by the X-y components (RxXiest - ARX ;

Ryiest - ARy) from a starting position (xo, yo) including a velocity dependent path term



which is reduced by a sending frequency error (AFs) with th?ﬁld%f f}qr/ggpeé\f@@@
one and the quotient function are nultiplied together and al the dat the

frequency difference (AFi) erroneously estimated Doppl er displacenent gives
- Arr = (F.z 10 Method according to clhaim9, characterised by that the error
vector (APl which is formed fromthe path conponent error (Axo, Ayo), the
vel ocity conponent error (Avx, Avy) and the sending frequency error (AFs),
that the estimated @ppggr(vfge&q]up_n Y .(Fiesi - AFi) is determned in a

Tayl or series at the error Vector {L,&Ié’)wiﬂaswlbctisy dangpghkan eitore Q&Y irGi)emnl 1S
determ ned through partial differentiation after the error vector (AP), its
first el enment pateguspozertkgon@as une) whet ept mdtpliddegtheicyifféEitaRasyitangei t S
second elenent is equal to the product fromfrequency coefficient (gii)

mul tiplied w tid thheubsequent pralottos divAR) bang stinef tiie equenganest hfeoancse (AFi) to
determne the mninmum: -1-6 HAY,-~006 37 AF, L 9ry - 4P1 1=r 11. Method
accordi ng to elosiemguttidr®, characterised by that the trigononetrical function
from the x-y conmponents (Rxicst - ARxi ; Ryicst - 4Ryi) is calcul ated, that
t he bearing angle difference is) cal cul ated through a Tayl or serjes

expansi on of thephri gbrg%ﬁet ri 8t fRetd OMAR, ha(ﬁyeatn*eARp)r(R%er_ct—o&R)()APi) from

t he path conponent eraor (Axo, an Vel OCl T nponent error (Avx,
Avy) mekes up the vari abl es of g*Tal yor’sert estexpamnsion, that its term
coefficients (hii) through partial differentiation of the trigononetrical
function after the error vector (APi) is determned, its first el enent
equal s the neasured bearing angle (Biness) and its second el enent equal s

the product ofnhithg dqRd1R %%prﬁf @]@ﬁlacgllﬂieﬁt,) thcrlp'{{lé &s?llnlagg sending frequency (Fsest)

which is reduced by a sending frequency error (AFs) with the difference from one and the
quotient function are multiplied together and that the at the frequency difference (AFj)

erroneously estimated Doppler displacement gives

Fio: — AF, = »(Fmr - AFS)[ 1 - olAx,, Ay,, Av,, Avy)] (XXTIT)

10. Method according to claim 9, characterised by that the error vector (AP) which is formed
from the path component error (Axo, Ayo), the velocity component error (Avx, Avy) and
the sending frequency error(AFs), that the estimated Doppler frequency (Fiest - AFi) is
determined in a Taylor series at the error vector (AP), as its frequency coefficient is
determined through partial differentiation after the error vector (AP), its first element
equals the measured reception frequency (Fimess) and its second element is equal to the
product from frequency coefficient (git) multiplied with the error vector (AP) and the

frequency difference (AFi) to determine the minimum :



with the error vector AP, and the bearing angle difference fg?&%t@ﬁgé% KEoL

sum of the squared bearing angle differences and its squared

difference is iteratively mnimsed and its m ninum gives us the object
data. 2 - Bl ) +[ E;.n.Es 5 + AP1]2.gin 12. Method according to clains

1- 11, characterised by that over a tine period during a straight novenent
of the carrier vehicle along an "own distance"', a nunber (1k) of bearing
angles (Biness) to the object are neasured and a bearing angle nean | B"~s)
froml-6 PA 'fégcxgaz;gutthneasured bearing angle (Biniess) is determ ned,
and to each neasured—hedri ng' angle (Binmess) an estimated bearing angle
(Blest) is calculated, that a estinmated angle nean ( Bsst fromthe estimted
bearing angle (Blest) is calculated, that ) the bearing angle nean e "=t is
deducted from each neasured bearing angle (Biness) and the estimted angle
mean (2&st) is deducted fromeach estimted bearing angle (Blest) and a
measur ementl | diviefhed erorlingab YRinand]  shdraRtikQbydhd HRIEAGE m¥RLY SurcSod R5AUI at ed,
that the neasurenent difference value and the estimation difference val ue

i S subtract edihe andcdripoments YL ACARON RYLVESRENR GRULIAL G5t th@@éejrilﬂg_a gg' e
(Bicst) fromthe neasured bearing angles (Biness) fromsystenmatic bearing

angle 8 of a mﬁe@mﬁeaﬁﬂagmaﬂmkﬁgﬂ@WﬁgbﬂQﬂeié&mﬁﬁﬂckhﬁﬁﬁcﬂH&&ﬂ?ﬁ%@ﬁ@{inﬁ
interval (1k . Ati), the sum of the bearing angle deV|a%|ons D) and the

frequency difher@anasr(wib) (AM) b8 BIPAR EnpR¥AALHL AR Ald)endeRr idg;:gngl e and
squared frequency difference is calculated and that the m ni mum of° t he sum
i's iterativel3omposdntetra@i(gek, AN makes @ tﬁehﬁriﬁ@ds%ﬂhed@ty@f series expansion, that its

term coefficients (hi1) through partial differentiation of the trigonometrical function after

the error vector (AP1) is determined, its first element equals the measured bearing angle

(Bimess) and its second element equals the product of the term coefficient (hi1) multiplied

with the error vector AP1, and the bearing angle difference forms,

M2 g 2
51 = [Bmess - Biestil = Z{ hil ’ API}

1=1

that the sum of the squared bearing angle differences and its squared frequency difference

is iteratively minimised and its minimum gives us the object data.

1. 2z 2
z [ Bimess - Biest) + [ Fimess - Fiestj } =
i=1

i{[ ihn - APIT + [ ggu . AHT} = min

i=1 1=1

12. Method according to claims 1-11, characterised by that over a time period during a

straight movement of the carrier vehicle along an “own distance”, a number (1k) of

bearing angles (Bimess) to the object are measured and a bearing angle mean {Buse ) from



2t LI mea. 8
char acteri sed

.,,~ (B.a,r gao) z + 13. Method according to cl
by the trigononetrical function and the formt

Wy A Ao

nmean

val ue, that the deviation or standard deviation is determned through a

expansion of the trigonogetrical function and its mean val ue
after the error vector (APt), its coefficient (yii) equals the term
coefficient (hit) and its nean values ( (h, y ), that its first el enent

Tayl or series

equal s the nmeasdmensRl belirhf %ﬁ an @ﬁﬁes@ rkddétuln%m%g cQ84, lck %qure%iq%?iu}s 4 %ng

of the coefficient (yit) nmultiplied wth the 'error vector

~doE 39 and f qBmE)t zhheeSQﬁMﬂe@-tbbﬁnlg(%l’e (thQ)t 1st£ﬁ:uﬁ{ém 8)1[1‘[ I Eglréa%dagn%pe geea\{li

and squared frequency difference m ni'm sed

13.

(Beet )from the estimated bearing angle (Biest) is calculated, that ) the bearing angle

ress J

mean is deducted from each measured bearing angle (Bimess) and the estimated

angle mean (Best )

is deducted from each estimated bearing angle (Biest) and a
measurement difference value and estimation difference value is formulated, that the
measurement difference value and the estimation difference value is subtracted, and this
subtraction gives the estimated bearing angle (Biest) from the measured bearing angles
(Bimess) from systematic bearing angle 9 of a free bearing angle deviation (D) and that
during the time interval (1k . Ati), the sum of the bearing angle deviations (D) and the
frequency difference (AFi) or the squared deviation of the bearing angle and squared

frequency difference is calculated and that the minimum of the sum is iteratively

calculated and gives the object data:

(O R Y U

Method according to claims 11 and 12, characterised by the trigonometrical function and
the formation of its mean value, that the deviation or standard deviation is determined
through a Taylor series expansion of the trigonometrical function and its mean value after

the error vector (AP1), its coefficient (yi1) equals the term coefficient (hi1) and its mean

values ( thy) ), that its first element equals the measurement differences and its second

element equals the product of the coefficient (yi1) multiplied with the error vector (AP1)

pr oduct

~, |\/Ay

ation
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and forms the deviation (D), that the sum of the squared deviation and squared frequency

difference is minimised:

:Z;{[ g(hn - ) AP;JJ +[ T g, .Aplﬂ - min

Iwl



