", e3el I t6T T  METHOD FOR PASSI VE DETERM NATI ON OF OBJECT DATA The
invention is about a nmethod for passive determ nation of object data

~ through a selective directional reception fromsound wav i i
mentioned as the preanble for a patent in claiml. Positjmummmmmmmmm» and
course of an object (e.g. a surface sea vessel, subnarine or .[fgtpedo) can
be determ ned w thout giving away the course of the own carrier vehicle
(e.g. surface sea vessel or subnmarine). Sound waves fromthe object can be
recei vedwWay0Xom®123ar recei ver and the bearing angl e t BCTHEPORU)SZEE neasur ed.
Fromthis bearing angle, together with the position of the own carrier
vehicle, the position of the object and its bearing angle can be esti mated
and cal cul ated. The difference between the neasured and estinated angl es
will be iterati MEVTHOBARROR FASSIVE DETERMINATEQNR OFOBIEGF BATAof error. This
estimated position is recogni sed as the object position. Beginning fromthe
position of the object, which for exanple has been randomy selected as a
start position by a selected first bearing beamor else known through other
i nst r umehbes ingentign &y thoutpb giethpd s rasshin detsrraigationedf ebjest-datacthesneh paeledivé or t he
object is calculated and the bearing angles estimted. The carrier vehicle
travel s gifechonabiseaphen frerp sruad wanes i wiie lh@mﬁ@a%U$§WﬂﬁF“@Ff@ﬁﬁmﬁé@ﬂﬂhgnangle
for a glven time and covers a dlstance called its "own distance". The
nmeasur ed! bearing angle is conpared against the estinmated bearing angle and
the difference is determned. This difference is mnimsed until a small
remeining error remains between the true and estimated bearing angles. This
remai ning error is dependent upon a %IV n thresﬁo#ﬁ. Such a fllte system
i's descr e ook P‘érs‘? TR Jeghe-8 4 Y C%S“é‘v el iy PR @M he £ or
this filter s deter ned For anpl e, the
Start polfmEI oFRl B TaG i %f'%ﬁy% carth Wi e HisFieotsg PO e or
measur enent s o] nsSors. on carrier vehicle. ri.scopic or
r adar negusbmaé%n?gSH% VRS T B SPHf ol e SRGI D SleieF P RlBe
supporti ”&ﬁ% t['%‘e ‘c@t{jec? fmefl%l?‘és FrSh ?mbE a}lﬁr gihg%og(;t‘% »'wﬂiﬂh% p8sm<§n & ROLEE!

position I's” curren oned as the

preanbl e for v@ma@ttﬁé]f)oslti%rl ?)l’ gb{%l ttahé 1t£ B«f‘anﬁ %‘%ﬁé c%g b0 festinaRL NG dartitie G can,

wi t hout manoeuvrlng tse out usi g ot measur enent sensor on

board a Rl §ikGEnck BBWELErhe Qﬁésﬁfeﬁ“aﬂheeshn'ﬂﬁe@glg%g leijﬁ’é i@eréMvElS) i@ Ladirf b{nu@”d

within a tactically appropriate tinme frane. This task is to be solved
through {h&ciehanarkesrieatl a%isQlikdia p@m&ﬂsﬂrc@&gngk@ameﬂomeﬁ{go@nho@n object is
detected, the directional reception signals will be grouped into reception
signal s of an el ectro-acoustic nodifier system e.g. a horseshoe or side
antenna on board a submarine (carrier vehicle) or froman antenna towed by
a surf acgepi@ffeirom TegReii6l 6Bt sbjvdt| Whis@eEGehpRt Ha® BEdnGhindoin@n&leaiedat hon and
the frequency of the spectral lines in the frequency spectrum of group

si gnal s it bosion B¢t e&ledtddeilst béiitg foeae tiedle knodn thhRgls petinddumbatfién Wdatd) t he

bi ggest | evel recorder or the distance between two nei ghboring spectral

i nes (r ecsetfohs Gomfanegirenal g roardihdtestfer thalobjacttio gedulesd antdtile belagngr@gksr ed
bearing point as the basis for estimating the object data. Object positions
W || be egimatvdt €k @nidr véhicldigarels agr @ngdng souceldotn gt eaeasiiamendiof thebemiog wi | | be
determ ned between the estimted and neasured bearing angles. Al so,

est i mat esnghf fop 2 Ropplime agd sprrcahace, gpitbddts Sowr tisudicht Themnasdred beading g
frequency can be nade fromthe sane estinmated object position and its
change wandle isicrmpargthagainst therastiohtefl rheeringrrogle wpd the diffarense prodettirmigedy Whish t he
esti mat ed Doppl er displacenent, be displaced by the frequenc This creates
t he est i fidfieenceDs pynigyised juaty| speealeiamaining erroih eEring Retweci@p o gn P%lqma@ﬁcy can
be deducted. The difference between the reception frequency and the

est i mat ebeapppneles: Thigaeingp errpy is denspept uppy ¢ é‘r"“éﬁé@)hol"og%t?fh%altwltsﬁnt e

bearin
g 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
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* 2 point difference will be used for the determnation of the object data
t hrough the Least-Square Al gorithm The advantage of this invention nethod

“claiml1l is that the same object data, that is the estimted object
positions, is used for the estimate of both the bearing angle and the
Doppl er di spl acenent. The frequency analysis of the group signals is
necessary for determning the reception frequency. This is done normally
t hrough a sonar receiver device. This device increases the accuracy of the
angl e, oby tflrthes @pepationdnorofneserememd fiob) ent@s dat atde thei carrder bebiclen@.gangl e or
classification fromobjects and does not require extra effort for signal
pr ocessi pgiscoptreor seladincayuibmegy) e fdyr afefficivets aly mtlagd framsthese suppgrtivabaie 1 s
determ ned sinply froma neasured reception frequency and the assunption of
a nor mal whiclaleeds|té mbeteefiniestinatodf tee abgat poeissel . Thi s sendi ng frequency is
either the frequency of a spectral |ine (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
t he obj e€he tdsktod thinguriget innenéqurivhichl 1s pengongd @ the preamblpifer dgaentiasledu iy if ng t he
own carrier vehicle. A further advantage is that two objects that have been
travel | i hg esion of @ngehpdravhight ¢apn withqatt Jearpeuneng itelf andgmehquhsiBe oiepar at ed
as their reception frequency will be different from one another because of
t he DoppMe3suigmen| seseheh board Recamish yetigle, dleSpniae divetbiecs ABhav i eBaRty 1eadI e
difference in that the radial velocity conponent between the carrier
vehi cl e HHbD @ stigally appgrEigiedmyiialehe different al t hough the bearing points
to both objects do not change. If the carrier vehicle noves at a constant
velocity along a so-called "own distance" at a constant course, the

reception, frequency ch es as it is de dent upon.its own radial velocity
corrponenﬁlglsé?ﬁlalsfchlzfys(’]ﬁf%c? |uﬁlbt%?ﬁhafaﬁt§“§‘§ﬁ€f% rpeé%cfdidgﬁl)amf‘ dial velocity of the
object. Wth know edge of our own velocity, we can elimnate our portion of
t he Doppl er di spl acenent and anal yze al one the portion belonging to the
obj ect. sides. the fr n I t -~ f ency
o0l oo RS B SRR S GG STkl U ol ISR YooY
own 3. opénsélgcr&ﬁ%co st!ﬂﬁo&ihgfes %}I’l' J a;l%rsQ&b%&} si&leaﬁrﬁenﬁggn ta&lrﬁnﬁasﬁ zﬁﬂew th
stability I's ca "€d*The "conver gencge tine. e convergence tine becones

shorter yaap, (He.dCIMENEYarihh ISR EG Tl 0a8! Hiked LaMRILiingagye) 1t

"own di stance' asurenent tests on a submari ne hat a | our ney

Wit hout QUi FRAGEBHYHR IncR réubdcs BPEB Sxcd iRdGn fh@%hlﬁné}ﬁs‘[ﬁ(edfﬁhto? g achi eve
a stable estimate of the course, "the distance and the velocity of the

obj ect afibRiis WiBTS dbiAnckO TH: AMd§R ey oF IR Y&kACide Yvithfthd BBzeokRE techrllertie tests
was 10 kn, the velocity of the carrier vehicle was 6 kn, the starting

di st ance gReisnae betidki tvRy nediBbrbiReial A& (Rcdpfbpfichubditesheidbe BgerpdgRr at t he
begi nni ng of the nmeasurenments was -45. If we estinmate the object data with
only a cemnsildanaturcbeingtgdmt abe bady f@eghmmatinyhe ©BRE@htal ©BRE: psifodwal gence.
An estimation of the object data is possible within a short tine only

t hr ough extdimatze asd iteb@fhg afglds kelculged pTheadifféreree welh by daachided dewetd tmt i on of
t he Doppl er di splaced sending frequency In the advantageous further

devel opmesnimaaefl ahd eeasnred bedring angésh Qs lestinme? ,of wdopplar displdceisent aidea start

Lof ar- Anal yse, which is described in L. Kuhnle "Classification and

| dent i f i peihi lgramed @Afling flogueBuybema b medSommrthe sanidoosamatédoljess pdidtion ah@&F, pg.
27-31. By reception through a tow antenna, an estination of the object data
of very dhapgamith dbjleechhs eptynatesafeegnenioly evill, Thiresppngingbycwills the ehtimaied Bonppldr
absorpti on of deeE frequency sound waves in the carryi ng medium the good
bundl i ngdisplacsaaric bendivilaced iy thehiseqnencyir Bdsycredtest the estimated Ropelat disgflacementbear i ng
angl e, which is | arge enough because of the smal| opening angle. |If there
i s no toWoRnviiphiherrecepiiqn Bueney epbe dedugedudive diffesrars Pareesybe &ePPiop i s
advant ageous to undertake the Lofar-Analyse with a side antenna, a

so- cal | edfegieasiand thecftimaief Ronplerfraugpry (requenaxdifferepcq dpasiehith iy dparing 5
so-call ed Conformal Array. The received noise will undergo a denodul ation

t hrough a band-pass filtering and the frequency of the spectral |ines of
t he denodul ari sed signals can be determ ned. These frequencies lie in the
sanme frequency band as 4 the spectral line (determ ned through the

Lof ar - Anal yse) and are caused by propeller revs and propeller foliation, as
described by the article in the Naval Forces etc. W get frequencies
spectruns with different spectral lines through the Lofar-analysis and the
Denon- anal ysis. The spectral lines with the deepest frequencies distinguish
the revs of the propellers. If the frequency is not received, the distance
bet ween nei ghboring spectral |ines correspond to this frequency. The
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*5 frequency values fromthe fictitious spectral frequencies, the estimate
i s balanced out through the calculation of the nean. After the advantageous

- further devel opnent of the invention nethod claim38, the frequency
deviation is balanced out through a Lease-Square-Mean estinmation by the
di spl acenent of the transfornmed frequency values to a selected fictitious
spectral frequency. Consequently, many spectral |ines nmeasurenents during
the avail able period are utilised, even when sonme spectral |ines di sappear
peri odi cpdiht\iféenehcd ovillied useld foe aeldeerminition af ehetobjeetrdafaahrotigtete Ledst-Bquaossi bl e
to determine the object data through the transformation of the frequencies

to a fichAlgotithns spectral frequency of an artificial spectral line even if
only one spectral line contributes to the fictitious spectral frequency.
This signal processing is useable, as all spectral |lines of an object have

undergone in percentage terns the sanme Doppler displacenent. All

i rregul alhe ddesntagh af thisppventionduathodglairh é it thaidhei sage bgjecs dita.abpy érthyestimasdir ement
wi |l be bal anced out through the transformation of each spectral line to a
sane art Pi¢ct pesitiogpéscusedafor the gesimgier i bath thedepritigangle apskibe Pappldr disgaesmeyt: To
estimate the Doppl er frequency in accordance with advantageous further
devel opnihs fregpency guahisis GhthaBtoNp sigralsdp pgcessary fof defeindpipe the FreeRton fieaueast er ni ned
fromthe estimted x-y coordi nates of the object position. These x-y
conponent&s isgeperoraplly thighgheciondr decsiverglevice,  Bhigydevice HCrays the reryesy af ©¢ ar t
position of the object and a velocity dependent, path termwth velocity

conponentn&r b SSPPda‘iﬁatqq SEYS’F?&)(S’Hjéﬁf detpqics @, 2 heqeng pngle Obﬁlé?stﬁcﬁtf?“offOI? he
object is formul ated for, exanpl e under consideratjon of the reach of the
sonar r efRpstS %H ‘@&W‘E &eqUie CHE ‘?fg’étsfgf L B&’F?Sﬂﬁg'ah‘b? ée.“g*\*&ére@é‘:f‘?yn%‘{] By x-y

conponents are differenti.ated wth. ti . The s of the estinmated, x-

Combonentied & p Sl naE IOSEES SHRY BPB LRt BrY (HEPIn CBRBRLHT o 1i pl i ed
ith its diff tiati ith tin | th d ) th - t

o o e S b o PayPluhe yodTS oPh o ep Ehml e iio ey 5 SRERAET0! e

X-y 6 omponents nultiplied wth the s d_of und. for.m uot i ent
AR A S T e R L D B R

sending {r t fro . SO e - r t ject. The
ST LR i RIS OB SENOPUAR) LI e T

Doppl . : . . _ gi
ppt er %J\?I&E%%gﬁéf rt]l:lf:obgeg &R dblRThdanh adhdd fﬁ‘?’@ fafiod? SlaR6s ridgfe 5MAI NT

frequenc sendi ng frequency erro mnus 1ts product with the

quoti ent fHNGELAR. ATiEheRIMAREATE thA twhB6jeQDIECHavE Bleh MBI 6] Aol Bmk S t hat
the from possible velocity conponents estimted object position Is taken as

the basi §ithiQkhelshiBe PlafthgAngRIchOBE Lardiditas HelrkQERRE Erelnéy WiHlWE QMR frdrh e
reception frequency fromthe estimated Doppler frequency. The velocity

conponents Hethér@sRARMDS (i HdppleLdislRendt. T Depplérigspleatehi ol a thRrkahlg ect, to
a radial velocity conponent which is the cause OF t he Doppl er displ acenent
of the sem@icn@ if tiRethe n&al @lodifyeoRPorRet berwkdi td Ghrrithehidet £8 Mhen@biodRctnd t he
addition of the reception frequency lies the three decisive advantages- the
possi bi | muyt betifdeheibugh g baarfnig psihts ehcdicdbjqeaslbhotahargad t he obj ect data

wi t hout own manoeuvring, nmany objects and their data under the sanme bearing
to separate and determne, and to shorten the convergence time for the
estimation of the object position. The path conponent errors and the

vel oci t y lfchmporee m¢hide moves absconghiit velscitylabong @rsdicallyd o distanog” atrar @nganf or m an
error vector. According to the advantageous further devel opnment of the

i nvent i opounsst ithgdrecdptipmfeQuenchehangtsi amited ®opPkewr uon eiguewe yradig wddesyl at ed
with a Taylor series using the error vector. The first nmenber of the vector
equal s t hempeseny prdd thee@eiptingoin theeyme riispctipnyl 1adind Vslogibh @f thenpliecteqWihs t he
product of the error vector and the frequency coefficient. Al other

menber s Kfovdedge ghetr aginglocisy avesap Flimiage Qehportioning thegpeppleg dispipremeptegdiency
coefficient is determned by the partial_differentiation of the quotient
funct i ona3yzeAlophide apriigh bejatging o thy objerie desides o HequeReY (FBYSF oY tigeeli ed

t hrough this Tayl or devel nt, which gives the frequency deviation

bet weon FESEH BEIPRYSEIIEORE PrEt BN TR QAR R TyripE e ORRR A e sy PR Uency
This calculation is dependent on the errors of the own position, path and
vel ocity conponents errors of 7 the x-y coordinates of the object and

al so the error of the sending frequency. This linear estimation nodel can
be described with matrices. According to the advantageous further

devel opnent of the invention nethod claim11l, the bearing angle estinmation
is determ ned by the x-y conponents of the object. Beginning fromthe start
position of each x-y conponent, the path error and the velocity dependent
path termis added with the velocity conponent error. The arctangent of the
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*measured and estinmated bearing angle, systematic bearing failures do not
enter into the determ nation of the object data. The systematic bearing

" errors appear for exanple, when the 8 carrier vehicle and object are not
found on the sane bearing plane, for exanple the horizontal plane, and the
occurring sound waves has an angle, for exanple an elevation angle. Wth
the sonar reception device, the direction of the sound which corresponds
with the projection of the spatial direction of the sound wave on the
beari ng piktaie”.iThe rimasukilet .objetielan st Bméasaedeal staglitgis aitled he convbrgeleed | n t he
estimated bearing angle. The nean of the bearing angle and the estimation
angl e i stiget dheicoedrgand toledbecoreed shortemwhiae theeSgmeericy seokretrsomaeschiggad best | mat ed
beari ng angle. The systematic bearing angl e under goes the sanme nethod of
bei ng deduetlinggvérritrioww alisjanped a Meagdemend taststanrpasubthateashpwed tatgd @urmBy doi ng
so, the systematic bearing error is not included any nore in the
cal cul at wghouppwi managivringand & frequceey direkefioat 4 fow. HeTth eansashigvesd stablpestimatge of
invention method claim 12 is that one is indifferent, as to whether the
syst emat picthhecursenibe diptprse apdsthe sglecityl obihe ghices lalierdess dnan dp glimutesy Theoyelaskanpl e, by
a conpass error or neasurenent error of the navigation systemon board the
carrier QW ebisct ingist ey wad ke depevalesity i9hthecpsice Mebidle Whe@kpnge s s, from
sound waves of the object which spreads out over an area because of
refl ecti B@nsgrbetrren sypsrad qbisglevasah fmondthe Bsaring anglt plothe Sresiemieg efelhe or
because of different water stratification, do not affect the d%ternination

of the oBF®EEMaHE ¥2s Yak Abwm cLiMalsithsePiesbdaid WER enly e copsiderabign £f BF bealiag em of

t he sonar reception device because of water currents do not .lead to an

er T oneoud b EGHIEPIEh 3 CDRTENC1 A AP o i TS5 Gt 5 RRESIBIRA B BPEn woul d
be wong .and |ead to systematic bearing failures for, the determ nation of
Che. bear F calgREe s REFOYEE Gl: BF ARAPR JHaBtey i g8 sEFveh HoBt ¢ on i s
guaranteﬁp ideéﬁhgna%icfbearing failures do not appear. The arctangent
funct i on PSP IRBRGFIATIEE TPRETSY ct angent function are the basis for the
determ nation of the coefficient matrix. Each coefficient consists of term
coefficients and its nean. Through nultiplication with the error vector,

one is abj g taﬁanEEe%ﬁEﬁfd?ﬁer é{@v&g&gégt 8fhe %X\%Bcfdﬁ%étﬁodeéﬁ ﬁrj H@;%%O@ﬂ%/eiﬁ&i on of

the difference of "the neasure aring angl e m nus t e bearing

| t td beaging Rakifcl i h
angl e as éw{%}-kpagfse,gxbﬁctf}ﬁ defBRAb&Cn DEAK NG @&Lnﬁc%ﬂh‘@efd%ﬁ%ﬁﬂﬂ DALl

6
estimated ang e systenmatic error o aring angle est?,mation

can be ekjupdnal SchatsPeNGFtRENGAL G4 ﬁi h9R1 OBy & bR AHough a td¥earkdhiMan
coefficients and its difference to the actual termcoefficients. The

i nvent i oRgindbdbf (e bbicle A5tk P 6y iRtahtdjedis a0 AR, tTisas HRANBSE iRtk exanpl e
of a nethod to the passive determ nation of object data with sonar

recept i ORbsdRUbICEE. debyh fréfMONS solnidGvavds ia tC@ifAhg Medi@h, thé @oddedutdim vakdual Of
object data Fig. 2 a x-y coordinate systemw th object data Fig. 3 a

f r equencwadhs agd d8adcubcey 4f tht medsupedt Sf the beadiag exgd, Raich Wagt esdapiebdcadat a
W t hout manoeuvring Fig. 5 Error plots for determ nation of object data

wi th exi sf theigmalypbeigdngle. errors Fig. 6 a bl ock schematic

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




*Fig. 7 a chronol ogi cal progress of a reception frequency neasured at sea
Fig. 8 a-d bject data plots based on neasurenents with a tow antenna Fig.

" 9 and 10 Frequencies from neasured spectral lines and an artificial
spectral line over tine Fig. 11 Object data plot based on neasurenents of a
tow antenna wi th own manoeuvres 10 Fig.l shows a scenario for the passive
determ nation of object data. Wth an electronic nodifier system e.g. a
| i near antenna or a tow antenna, a sonar reception device on board a
carrier theRpectrd live dddiur@imed disngh teoofirvknalysd) faad aretcandadl ®¢ tpeopklicd mavis aed sane
direction and bearing angle Bl is neasured. One object is on course 1,
anot her pmopdletfoBaioR, as déscighied &y the boick ipihe NaayBacdsrtcan X-y coordi nate system
At time to, the carrier vehicle is at the start 0/0 and the object in a
bearing angle in the direction of the y axis, which at the sane tinme takes
north as its reference direction. At tinme tl1, the carrier vehicle is on
cour se 3Wgi geh frequasdicarspeoiraing avith ydiffagene spehjrad dines thraygh theurcf@-ahalydis imdvib¢ oci ty of
vl and the other object on course 2 at velocity v2 travelling to their next
target pBenei-aakysis THée seabrlags ehrtha decarsy fieqBnci¢sedigingwsth Bietresbfebe
positions is the sane and is used for the first estimate of the object data
of Xest, propders. IFithy, froueney i nettreceieq, 8o distanesaleavesh Seighbaring #pecig. lings at ti me
t. The carrier vehicle with the nodifier systemis in the position xe, ye,
whi ch i scotesRopd (s Hiferaapensy- Rlee Geauprcios fthemselvas-op thegbistarion Aetweensijeguengies At t hi s
time the object is at the position Ptrue, The object is noving away from
its st ar 206 Piliseirs rateriidredrengiesier We{‘?}@maﬁ}@ﬁfﬂ%—? aRieet 2@ vel ocity of Vxtrue,
Wtru and put behind it a distance of Vxtrue . (err)t and VWtrue . 0Ot. W
measur e the bearing angle Bnmess to find the new true position of the object
Pt rue. e new |t|on Pt rue bj e be determned iteratively
through' ey it f*lscfrese)em o tﬁaﬁ#mn@%ﬁﬁﬁe@wg&s@ gy i ied
m ni m sa etmee s an IS assu d t hat
The. ob; ot girroE biedl b esTRaR D HETEE-ER st%rg}ehaf‘fvsom?"i ©err) xo
to coordinat.es R%Pg a2 4%, i f.e8 nwth avelocit and.a velocity

conponent™ @FPB BT CEIT TR i Pﬁol%?% 4 el Uty ‘3( & freq“?‘hc‘es of Fecr on,

the obj egkRYES Ay “qub LTRSS AT t.{zsegﬁgow @;QT gtrue to

coor di na error st and a

vel oc tyé&g %ﬂﬁeﬁ%sp@&;ﬁ rm‘ﬂf ek .J)' g(ﬁ’&’neggf Eb esﬁiﬁ%yﬂ{e %ﬁ&qu@@?a&pbﬁ)ﬂ& ar e

estimate e‘err err an err true

Vx 'oatr dlslﬁaceﬁllr-nt%f)eve}y fre\c}y@ﬁcy,ﬁét (iﬂy on&‘m%lé Hi%eptlotll fr%l@%]ytgeés iRy H%%Etlr?atl)ép tr ue *

Wy ! ornu ation, one

gets RXt stifhe obJTilEteéIta THtI: &ﬁmatlgﬁ(gégnthm Jofs’ it be\]:omé nger and de%(tte rtH@ the “yest -
d~y "' Rygst ~~yp " Fromthis) the estimated bearing angle Best is

cal cul at @gamagmofmdgfeald@tal%@qmgga Ry~st WRy The true p05| tion Ptrue is
determned, if the error (err)Rx = ~x0 + 4vX . O and Dry = Dyo + . . 0Ot

equal s zero. Then, the velocity conponents vX and vy are correctly
esti mated, which Ieads to the
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



‘acceptance of the new true position of the object Ptrue. This estinmated
beari ng angl e Best equals the true bearing angle Btrue and anmounts to: F3

(. _ - B-.. ¢'3~ C~an Xotrt~e ~' yxtrue e~t true " Bntess yOlruo '~
Wtrue ' |1t - '~I'~ The object data P= (xo, yo, vX, vy) are correctly
estimated, when the error vector equals null: L,~XOr dyOr a~x r ~Wy ~ " ~

wth d>?1 = 4xo0, OPZ = ~yor Gs = wX and ~p~ = AYM . The difference

bet ween the estinmated and neasured bearing angle difference is mnimsed to
det er m needubiey @Rlu&Gtontlat Actit{oBd @8étrat frEjubiREes, theestiinkite islbdlancedloat tthdpgicthe posi ti on
Ptrue is to be calculated until a remaining rest error, which is limted by
a m ni muealdukion of thf mewhr or. Then is Biest » Biness The inclusion of a

esti mat ed Doppl er frequency makes it possible to estimate the position

wi t hout own manoeuvring through a sinultaneous mnimsation of a frequency
di fference between neasured reception frequency and esti nmated Doppl er

f r equenciftemdie ndcongiode futherodevelbpridne ob éwrinvegtiem giethod stainmat iherfregfidney

equation |I. The object has left the start position Po with the velocity v=m
accor di ndeviatiofisghafincedpupvthrdugbw lichse-Sgpare Meag Estinbter by the Bisplassmeneofctha

recal cul ate the velocity conponent vx and vy of the object in a radial

vel oci t ytransfoposdefequerRy vakuescle 4 sslepiod Mictitinys ismcqraiéredilernesct anﬁeqj@tlt%emny he own
positions xe and ye and Ptrue. VR" ~R ~ VR' - COs F3true 'f VWx Sl.rl
Bt rue ( edratfjges meapusmens deing yhec%ﬁtﬂf@l@ewﬂocvﬁetuézk@é $\§E vhed AN EeEtd on the
correct algebraic sign of the added radial velocity conponent of the object
VRZ and Buesidsapreas pqn@thq}lérﬁnan@ Vit meggpremengare_ta or them. It is possible to

determine the object data through the transformation of the frequencies to a fictitious spectral
frequency of an artificial spectral line even if only one spectral line contributes to the fictitious
spectral frequency. This signal processing is useable, as all spectral lines of an object have
undergone in percentage terms the same Doppler displacement. All irregularities that appear
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



* Because of the radial velocity conmponent 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 displacenent. This reception
frequency Firue is affected by the Doppl er-effect, as described in Chapter
7.4 "The Doppler effect” pg. 334, 335 in the text book "Experinental
Physics I", 2nd 13 Part. Edgar Luescher, University Textbook,
Bi bl i ographi cal Institute, Mannheim 1967. This nmethod applies to that of

t he Dopptdipohdn@Oiamsiéd with tHé@peed oEécthBoGorm a quotht Enerdne Taisv@stibhdq@ugh a
series expansion after substituting in equation (d) for the reception

f r equencyhe ppleddigplhceimemitf Gl estptatdssehdigg Fiegiendopm @meafffofRCi eshng eitdlé Ng
frequency: F :ra: = Fscrum~ C (~~) The reception frequency is dependent
upon a (Qbdimed fidbmithersbieco Mhe wdimaled sahdipg Gp@rehdyahawsea deadibdieequardly atrorv@heci ty
conponent VR Q=VR/C (XXI) The radial velocity conponent VR is according to
equat i onedimhted Epepiceintquenopis dememined Gomttye differpmoe datweemthe semithgyfraduenert i on vX
and vy and from bearing angle Btrue: VR~ Vg ~ -1~ "~"p, w Vy , CO9 Brue
' ~" vx S(whichr hasBP sending Gyequidney \eabm aninys o podwe nwithy e audtiany feguer. s Thhie change
with tine of the x-y coordinates of the object: C-R_ x|l ~cuA ~ 1~..

advantage of the object estimation claim 9 is that the from possible velocity components
estimated object position is taken as the basis for the minimisation of the difference in frequency
of the reception frequency from the estimated Doppler frequency. The velocity components
correspond, with consideration of the bearing to the object, to a radial velocity component which
is the cause of the Doppler displacement of the sending frequency of the object. Through the
determination and the addition of the reception frequency lies the three decisive advantages- the
possibility of determining a first object position 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



*T dt xtrue ~Rytruy d'1="" R Yt rue 14 One obtains with the equations
(a) and (b): v x ~ Rxtruu = ~xast - ~Rx Wy " tCytruo '- Rynst - L~ky Wth
_ the consideration of the true bearing angle Btrue between the reference

direction No and the direction of the true object position Ptrue, .s?lrl B
_ Rxtrua krue ° Rt rue Rytrua CO6 Btrue ~ Rtn~a one receives the equations
(a) and (b) for the true distance Rtrue to object z Rtruo ~ Rx true ~ Ry
true ~trua "' _ (| Zxest "~" ~l~x?2 Ryost ~~y Also ~Rk .- ~x0 -t- ,dvy ~ at
tl RX - ~h¥&-y ceordilates &t the objactegdaisoahe €89r, off the séddingr fchjuerdcy v eThic libear
conponent VR, the equations (e), (f), (g), (h) and (i) are substituted in,
and one geémstidnonodtlven Bogesdribed ditisphteicsnent t he quotient function Q =V al/c
15

According to the advantageous further development of the invention method claim 11, the

bearing angle estimation is determined by the x-y components of the object. Beginning from the

start position of each x-y component, the path error and the velocity dependent path term is added

with the velocity component error. The arctangent of the estimated bearing angle is determined

through trigonometrical combination from the estimated x-y components. A linear relationship of

the deviation of measured and estimated bearing angles and of the term and velocity component

errors is determined by a Taylor expansion of the arctangent function. Partial differentiation of

the trigonometrical function after the path error and the velocity component error determines the

term coefficients of the series expansion. The series expansion is truncated after the first 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



I n dependence on the error vector, OP = (~xo, Dyo, 4vX 4vy> ~(~P) - -~

~Rxesr. ' I~-RX ~ "Rxasr = ~Rx ~ + (RYst ' L~Ry ~ ~Ryast ¢ UY~-Se - dRX ~2 +
~Ry~st ' ORy (xXZZ) The sending frequency F3, which is beaned fromthe
object, is estimated with an error (err)Fs. Fse..”,C  ~slLz-ue + Fatru~ "
Fs~st "'~ a)~'s and substituted together with the quotient function Q after
equation XXI'l into equation XX for the receiving frequency (which equals
the true Doppler frequency Ftrue). ~truo - ~~seai ' LI~s) ~. '- Q4Xor dYOr

dVh~ dVygariidt tvbhiele agd stiéct aiefibefoamten O s{rfd bdaFng plase, BopRAmMYle theadgimnay Ftrue
Is estimated as an error strum™ ~nst ' and substituted in equation XXIII.
For eachplbeasidufje attyirag neaswaseeins an anglé) dolDopipple ran feleegive nogle.né&th the
determ ned fromthe estimted position '~ t~at -' ~F 1 = ~7i(L~.P? =
(~' snxt sengreeepfon deicAXR~ditestv@, of [thévsound whigh-correfpids-itiTthe pejecoen ofetbe¢ or DP i s
to be estimated including the error term(err)Fs for the estimation of the
sendi ng $paea dieatipn B the tsoun@Pyave: o [thextmarigl plane is-mepsured\wlhe sysen@hXhdarind

error is included in the estimated bearing angle. The mean of the bearing angle and the

estimation angle is determined and deducted from the respective measured and estimated bearing

angle. The systematic bearing angle under goes the same method of being deducting from every

measured and estimated bearing angle. By doing so, the systematic bearing error is not included

any more in the calculation of the minimum standard deviation.

The special advantage of invention method claim 12 is that one is indifferent, as to whether the
systematic bearing error is caused by an elevation angle or for example, by a compass error or
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 error vector OP will be used to estimate the Doppl er frequency the
equation XXIVin a Taylor series and is truncated after the second el enent.
s P _ ~"~UP~ np~0o~'~, ~~ l4~~0 ~ ~P~ (XXVI ) y C~L~ Pl The esti mated
Doppl er frequency Fiest equals the neasured reception frequency Finess for
OP=0: C t(OP~eRa= ~'ieaclnv=0= ~s~~ss (XXVII) Equation XXVI| is substituted
into equation XXVl and one gets for the estimted Doppler frequency: s 1~~
i Fiest - G~dP~ - Fimess ~ ~ a [app ~ dP~ Irl ~d,P~ a sum which equals
t he rreasureesglswmie piroran tierbegringnayle Estimagen qah bs elirhieatéd tacpughniby calevidtien ence
(err)F1 ~"imess "f ~Fi. = Fiest dF'i '" Fimess ' Fiest For determ ning the
Doppl er the exanariche terowveeffitisits andrits diffsendehe the nagul emoyodiidfiéres. ence (err)F1l: 5 ~
acs ~Pi :~AI ePa~ ~ dPi (XXVI Il ) 1,.1 a~Pl s ~rl =~" gi; ~ ~Pl = ~;
~rds~ - ~"~asa ( I XXX ) a=i 17 Through parti al differentiation of the
estimation equation XXV, where the quotient function Q(err)P) after
equat i onTh&xXnyeniien is filather degaribed inrthe difgrams withea damanstrajiveexemplee p yRthodéx or di ng
to the equation

the passive determination of object data with sonar reception device. It shows:

Fig. 1 a scenario for the determination of object data

Fig. 2 a x-y coordinate system with object data

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

10



" XXV, one gets the frequency coefficient (gil) in the followng relation:
gil " CFsRt ~xiast ' Rxisst ' ~Rxiest ' Rxiest i ~yiast Ryiest ~ ~X~2

" last ~' Riest Fsast ~ Ryiest ' ,Rxiest Rriest ~ ~yiest-~. _kyisst~ 9iz =~
. I Ziest Yiast ~ X Riestz - XXXTI XXxTIlI ~i3 ! ~riast ~gil ' 4t1 C
Riest rsaat ~i4 - C R est' Ryiest '~ gi2 ' dpi XXX~~T Rxiost ' RrieSt ~
Ryieat ' Ryiest gis - - - .. C' R est Many frequency coefficients gil
are multiplied with the correspondl ng error of error vector (err)Pl after
equat i onFikXX¥Kowsdeerfafie it etiepassiNefdb @m@iitien bSobijdcedad. | With yn sieqiioicsediftehr ough
estimation of the x-y conponent of the position of the target together with
t he bear sysgmadg)ladinelirfafiteting o€ & toacan@nol, A goraoreagtiat deite bn balnka esididr vettidel beari ng
angle after equation | 18 B. = arctan R-ies ~ Q-x' yaest yf zv is
devel openteismes sdiay [fom ser diffsreatr abjmed frdne thersame diregtivorand dearinPhngle Bddo, Dyo,
wX, Ovy). This may not contain the frequency error (err)Fs, but is
ot her wi smemsgnadl One objbat ieem aursy é canorhegydnvenurse 3. whigh tiie dath)Xpdurayedhih ansk-Y r uncat ed
after the second elenment: Biest~~P~ '~iest |IL1P~-0 Wth dBi est r?0P~ epao
hi ast eqordimtsefybtEmi @tti,medﬂéheg@tr};:_r vehicle is at the start 0/0 and the object in a bearing

angle in the direction of the y axis, which at the same time takes north as its reference direction.

At time ti, the carrier vehicle is on course 3 with constant velocity, one object is on course 1 with

velocity of vi and the other object on course 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 Pwue. The object is moving away from its start
point Po at coordinates Xowue, yowrue With a velocity of Vaxiruwe, Vyru and put behind it a distance of
Vitrue . At and Vywue . At. We measure the bearing angle Bmess to find the new true position of the
object Pwe. The new position Pre 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 vx, 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 Ayoand a velocity if vyest and a velocity

component error of Avy. The coordinates of the objects are estimated with the errors ARxand ARy:

11




“a aBiest ~~a~ 1 4 Biest~~P~ "' ~iest~GP=p ~ hil ' ~pl r 1=1 Here, the
esti mated bearing angl e Biest equals the neasured bearing angle Bi ness ,

~ when the error vector OP equals null. Blest ~ pvaU " - Biness V~ The term
coefficient hil in equation Vis determned through partial differentiation
of the estimated bearing angle Biest according to equation |V after the
path error and velocity conponent error of the error vector OP = (4xo0, 4yo,
Ovx, wy): 19 ~Biest = ~ arc ~an ~= ~e° - ~Rx~ m = aeXO o~e~ aXO Ryi est -
eRyi - "~yiasr. hii ( 2 \RxiesC ~ + RylesC The differentiation after ePz =
eyo givesRihe tetmcoefd, citent: (AaBidal, . axjiesk h i+ AR_ ( _~ay aeyU ppo-
~x| . ust ~ Ryi sst

Ryest = yDtrue + vy * At + (Ayo ~+ AV.J, M At) = Rytrua 4 ARy (B)

After reformulation, one gets

thrue = R:t.est - ARK = Rxest - (AXO + A'V’x . ATL) (a)

Rytrve = Ryeee = AR, = Ry, ~ (Ay, + Av, - At) (b)
From this, the estimated bearing angle Best is calculated:

R —
B,,e = arctan —-xest AR I

Ryest - AR

b4

The true position Piuue is determined, if the error ARx = Axo + 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 Pwue. This estimated bearing angle Best equals

the true bearing angle Buue and amounts to:

_ X + Voirue
Bost = Bine = arctan —fme—_sxtoe

y0tru@ + vytrue ' At - yE

= Bmess

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

AP = (Axo, Ay, Avy, Avy) = 0 with

AP]_ = AXQ, Apz = AYQ, Ap3 = AVX und qu = AVY.

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

determine the object data:
(Biest — Bimess) =min

12



"One gets the coefficient hi3 and hi4 through partial differentiation of the

vel ocity conponent errors Ovx = OP3, Ovy = ~Pa and substituting into (1)
~and (2) h' " aa~yc ~ ne~u = etl ~h~i ( ~1 Xast~5~nl4 "~ aeV |l ~~~~m
otl ' hl1l2 Y The termcoefficient hi3 and hi4 equals the product of the tinme

interval (err)ti and the termcoefficients determned earlier, hil and hi2.
Through substituting ( 1), (2), (3) and (4) in equation 5, one gets the
bearing angle. difference D and its square 8. 2 4 2 Biast -" ~inmess ' ~ hi
" ~ Pl 1~1 The estimation equation for the object data is formed from
equation VIl and | XXX. 20 Wth each neasurenent and estimate i of the
beari ng &rgldbjeBi poetsisn PBE: &Sto terdicileed uiit niEBihaifihg tdicek@CRpith Gnlidhitedpyancy

Fi mess and estinmation of the Doppler frequency Fiest, the mnimmis

i terati vehiyintet @arginéer@y €henlik nmMeasurenents and estimtes: i ~~i ~wea '-
$iestJ 'i" ~~Snu,ea " Fl~at~=1i11i-1 ~h:~"' d~~ + ~~ ~9~ ~ APl ~~ - nmin
1~1 do.. The cal cul ated object data (based on the m nimun) gives the
position, velocity and course of the object with the object data vector P
=(x, y, \Dst¥BimessF) Fig 3 shows a frequency diagramw th the reception
frequency FzZ1, FZ2, FZ3 and FZ4 over the tinme t from4 objects. These
objects all beamthe sane frequency FS = 1000 Hz. Each reception frequency
Fz1, FZ2, FZ3, Fz4 consists of an object termand an own term because of

t he rel atThgénchusign af a estimated Poppies Apansaaytmales it pespible eesimpte therposiedn witheutand t he
obj ect. The frequency stroke during the start and duration of the object
is, with QIcBARCRINS\BIoBE f\simpyltapqoas aHpisdsationgela feauancy) giferange befediur ed
bearing angl e Bimess. Wiere the reception frequencies Fzel, FZe2, Fze3 and
Fzed equdPEsytereseniian itpaseney dich esimated 10epplerfreqyeney mader gpnsidsiagen ©f theorponent
woul d equal .null and the place of the next approximati on CPA reached. For
the firstPHHjEQRgle sHimakonaafiereanition Lyi spl acenent of the sending frequency FS
and hence the frequency stroke of the reception frequency FZ1 from 3 Hz and
the passing time fromthe CPA of 7 mnutes is the shortest. For the fourth

bject, t I di spl [ d the f St f th ti
Fr equencylE2Borgus kg SPuBERTeRk: Pltet Spt G BeBbited dsotpon
i si it.h th i Vi difi t The f y strok
cor  esporietiignge fisfs BRe FeTREICuRe BE by R ey FORS ATt ol °©
| oci t t bj ect .and ' Lcle in.. ti XXI
nd od | SSRGS mR RN B Rkl A AR BBt s il "o

as its bé%&%}*ﬁe nmeasur ed bearing angl e Binmess and the reception frequency
Finmess. Fromthis, the bearing, distance, velocity and course of the object

as object data are iteratively determ ned. .
Ve = VR' + VR = Vy s COS Birue + Vx 3iN Berue (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 Fswue (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 Fire is affected by the Doppler-effect, as described in

Chapter 7.4 “The Doppler effect” pg. 334, 335 in the text book “Experimental Physics 1", 2nd

13



"Fig 4 gives error plots for the determ nation of the object data, where at
t he begi nning of the journey, the object's distance to the its objective is
- 20 km the bearing to objective is Bo=0 opposite the north direction No,
the velocity 11.3 mls = 22 kts, the course of the object is 155, the course
of the own carrier vehicle is 25 and its velocity is 6 kts. Fig. 4a shows,
that the bearing failure during the entire journey lies within an error
width of 0.5. The relative distance error over time OR/ %is givenin Fig
4b. The emiti Hagar QNewhier! URiveliist Bax@woR Bibivseiphics ladtines, MmnAtimuioss. angk shows
by 20 Monte-Carlo runs after 20 m nutes, a deviation fromless than 10 %

W t hout radladugples to thhef weDogildryre@ren®t IS shown in Fig. 4c, it lies at 17.5
m nutes by an object velocity of 11.3 mls in an error width of 1 nis. The
course is already stable after 10 minutes and lies in a error wwdth of t 10
as shown in Fig 4d aL@e measur enent of the bearing angl e Bi ness because
of a systefahi c= am{g % (err) is elimnated through inclusion of the
average of the neasu d* a¥rl/ est i mat ed beari ng angl e during the passage of
the carrier vehicle at constant course and velocity along a so-called "own
di st ance"OneThteves WHrbaINBRA is@ieb @RAFanfich eftdr BubsBruapP SR kguali® (B XBIMMe&recepli@n t he
direction No for exanple, through an erroneous determ nation of the own
posi ti on fhgaaid @n eduatidrewhightighilethe Sysbapler affecie@ten@daEbdugndyoi Nting in the
north direction No (shomn in Fig. 2). The systematic bearing error (err)
can appear because rs in the conpass display, through sound in a

sl ant ed aﬁgLe:agﬂggj :Eng pl ane or through use qfxyxd tow antenna through
wat er currents or rrefdtls influenced by the 22 propel l er of the carrier
vehicle. The bearing angle Bimess is neasured against the erroneous North
direction No' and is bigger by the bearing error (err). To elimnate the
syst enat i REPeXPHMGITeARPNGE 1§ @“-rPF‘)de"taPPB’éarquﬁ‘ge“hﬁ@Ft@nnﬁfhlﬁh isprepareemistiedicover | k

measur enent s of Biness, which is neasured at tinme intervals (err)ti. "-~.7
k 8asaes-adial velogityicomparient YR~ —y And the nean of the estimated beari ng
angle Biest after equation | can be cal cul ated: Rx~ea~ - ARxi _ Rxent - ARX
X 89 - - ~arctan - arctan |k 1 1 Ryiasc " ~Ryi R-9t - ARy

Q=VRr/C (XXD)

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 = Vp' + Vg" = Vy o CO8 Bipyg + Vyx 8in Bryue (¢c)

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

object:
dR - .
vx = .«_—-,—;.a"_-‘é};;‘;‘“ = thrua
dR,., .
s = _yt;ue = R

= true
Y dt yir

14



"I T The estimated difference values are fornmed fromthe difference of the
actual estimated bearing ~k angle Biest after equation | and the nean of

" the estimted angle B*a~ after equation Il for each "own distance" k: k _ k
~i - Blest ~ Beat k 3Z' C~dn ~xieet = aRx1l _ arc+an ~xost y ~~x 1 Ryiast -
eRyi Rxeet ~ ~y The estimated difference value ~1 is developed in a Tayl or
series wwth the error vector (err)P = ((err)xo, Dyo, OvX, Ovy) and
truncated after the second el enent: 23 -k Fi - Biaat ~ Beet x~~p k Fi =
arctan ~"(0m.obtains with khe eq@tiéds¢i) and-(b):3W ~Rx IV ~yioat ~ e~Yi Rxeet ~Y Wth k
aF~ ~ ~~0 ~ Yi ae~~ as coefficient, one gets

Vx = R);trua = Rxast - ARx (e)
vy = Rytrua = Ryast - AR\] (f)

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

direction of the true object position Prre,

. R
sin B, = it (g)
Rtrue
R
co8 B = -—g"fﬂf— (h)

true

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

Rtmﬂ = \/sztrue + Ryztrue
Rtr\m = '\/(Rxest - ARx)Z@yast - ARy)z (1)
Also

AR)‘ = Axo + sz . At

AR, = Ay, + Av_ . 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/L
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"aF;.k-L~P) - Fi I ~,-0"'" ~'"l~~l - ePl r 1rl1l where, k k ~i ~ At'~o0 -
Bi mQaa ~ 8nmac shows the difference in the neasurenment values fromthe

~ actual neasured bearing angle Binmess and the nean of the bearing angle on a
"own di stance" k neasured bearing angle Bness. The coefficient Y~~ in
equation V are determ ned through partial differentiation of the estinmated
difference values Fi according to N after the path error and the velocity
conponent error pf the x hk error vector 4P = (~co. Dyo, OvX, Ovy). The
coef fi ci datdefehdenceldn timadrropudctonfAPL-e(Am, apehdd avyents a "k and its nean "1
together. The termcoefficient hil is differentiated fromthe equations ( 1
), (2), (3), (4). The coefficients are: 24 Yipk ~~aa '~ r. ~5) Yir, z

= hdz " hz(6) ~(i,f {&, = DtAR - i _rARlY L 7(d Yia= dii ~~ - i.Zk~c a v
Thr ough sutﬁgéﬂlﬁi—g( 5F— ' Q%R_r? Rmﬁmmgqmi(%wone’&&ebs as
bearing angle difference the _ renquf?om(ghet estA ed difference val ue
Fi according to Il and the measured differenc&’val ue **~~" according to VI:
oz '~ (KXII)

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

A — el
Fsrast = F

+ AF

strus 3

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

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

Frme = (s ~ AF,) [ 1 - ofax,, Ay,, Av,, Av,) } (XXTTT)
With an error difference of AF, the Doppler frequency Firue is estimated as an error

Fire = Foe — AF

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

must be determined from the estimated position
Floee = AF, = G (AP) = (F,.. - AFS)[ 1 - QlAx,, Ay, Av,, Avy)] (XXIV)

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

sending frequency Fiest,

AP, = (Axo, Ay,, Av,, Av,, AF:) (XXV)
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'~1r ~~lcat Baat ~ ~Hne~s » Hmes ' ZVIIl k- ~~Ch~ - ~ ; . ~~~ The
measuring angle difference after equation VIII and the frequency difference
" after equation I XXX formthe basis for determ ning the object data and are
iteratively elimnated over |x measurenments and estimates: ~:.~:0SS '
~masY~ = ~ ~Sce: - BaeCk~ ~ '~ ~ Fimass - FieaE~i=,J1,. _~z 52Kk
hia'~hi ~'" APl + ~9u "' OP~=mnim 1i 25 Fig. 5 shows error plots
by an estimte of the object data after equation VIII, where the carrier
vehi cl e rihsterbavetdd APNwillehrOB Y tehtimate ttikeDeppiotr dref@enty €@ Lqiktiyn IBEYURaent s
and estimtes used for analysis of the object data. Fig. 5a shows over tine
t the syshagionieries aad isafunfaddd afterghd @ednj elembdt. anounts to roughly 1.2 during the
journey over its "own distance". The first manoeuvre of ML is characterised
by the bearing error of -1.2rinncreasing to +1.2 after the end of the
manoeuvr e &EhR rra@?(APgLAvlohgfémlqv-:]jmﬁdi stance". Byfe next manoeuvre M
after 8 mnutes, the ari g léRor Jlnps to -1.2 and rerai ns unchanged
during the measurenment along the next "own di stance". The nanoeuvres M,

M2, ... Mb are each shown and nunbered by vertical |lines on top of the
error pl ofhs estiffated dlogplenfeequency BesseqDits the gredsprediegepBibn frequersy iFimyss ar ABFO:0V ni's i n
Fig. 5c and the course error Kin Fig 5d are after 15 mnutes and three
manoeuvres Wthin a npormal error width. Fig. 6 shows a block schematic of a
sonar rece@i\?‘?%ﬂga-d‘e\ﬂe& sfoorfithe determ nation of tlwxuianget data P with an
adaptive filter systemto evaluate bearing angle Binmess and reception
frequency Finess. Reception signals of a nodifier system 10 are detected in
a direct iHyoatjpn XX¥¥Hds sdbktited dntg equatiod iRV ICaidpae setsi fon ther espiasd Dopprrensat i on
and bundl ed into group signals and the object is detected under the bearing
angl e Bi rfegeeney:t h a neasure arrangenent 12. The neasure detection 12 is
steered froma control circuit 13 in intervals of (err)t. The entire signal
processing runs in intervals of (err g% The asurenent circuit 12 is

j uni or to@gstes&i@mmniipicpui t4-1%, Ehi use$ .agpentry data: the north
froma conpass arrangenment “16°No £ |raf®r ettt |direttion, the own position
xe, ye of the nodifier system 10 from a navi gati ons device 17 on board,
starting position Po = (xo, yo) of the object fromstarting circuit 18,

vel oci ty ,GQEPOR %/ L0 i hact i WROr vector
of DP = (acésbgo, Df;‘g%q“ Lgﬁ(?ﬁ%gs;¥h¥eﬁé?lo Fro%ggﬁrﬁgst?%éﬁ% 5%£e§%ﬁ%&%g¢?om t hese
26

Gi(AP) = Figess + AFi = Fiest

AFy '= Fimess = Fiest-
For determining the Doppler frequency, one must minimise the frequency difference AF1:

2| oG
y Zm [aApl ’“’"”} ! DAVILD)

5
AFi = Z 9u - AP.L = Fin'.ess - Fisst (IXXX)

l=1
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“entry data, the estimation circuit 15 is estimted according to the
estimation equation (A) and (B) path conponent Rxiest, Ryiest, and path
error ~Rx~, ORy~. Fromthese estimation values, a bearing angle Biest is
calcul ated after equation | through an arctangent circuit. In a bearing
angle difference circuit 23, which is junior to the estimation circuit IS5,
the estinmated path conponent Rxiest, Ryiest and its error ORX, ORy and
their dependent termcoefficients hil after x equation (1), (2), (3), (4)
as wel | drhrovgs pamEainditferentatibn-of fhe resashtiofrequioth XXVt Where @ef duodéne fiincédnl | S
cal cul ated after equation (5), (6), (7), (8) and summari sed as neasurenent
angl e di f@@PrafeesquafitreXXIlhesubstitutedin aier dguabdi watol/AP1 mowtdivg td the 2quatiéh ~i -
Binbpas Biest - ~ hil ~e~1v11 1il1 12 _ ~Y. .:. ~i.ness Bness Bi nat
Hen. S~ XXW qde ¥el the fiequencylyeefficient {giilPin the following felation:  Over i =l k neasur enent
of each "own distance", whose nunber Ik is already given in a steering
circuit 60, the neasured and estimated bearing angle Biness and Biest are
eval uated. The tinme period k. O gives the filter I ength. The group
signal s at the beginnipg of the direction processor 11 are analysed in a
frequency anal ysﬂ?gesgl reuit 24.R.0he c(RjugHI aRgg,tredegaslemJirFancy i s added
to a frequéncy er entaesti T CUTT 25— Whighr 35 punior—to - tig &&E&Kilmati on
circuit 25. The fre’q‘l’}e cy difference OFs 2‘éft%lestesti mation 2

gu - Fsest t Jiest _ Ryiast ’ (inast ) Ryiest + Ryiesc ’ Ry;’.sst):\ XXXII
C > Rygoe X R.Leat
E
9y = —EE— R, + gy 0 AL XXXIII
c - R:Last
E1aa
gH = S Ryiast + giz i Ati XXXIV
c R.\.GSE
gis = inust ) inest + Ryieut j Ryiest -1 XXXV
c-R

leat

Many frequency coefficients gil are multiplied with the corresponding error of error vector AP1
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 L.

The estimated bearing angle after equation I
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“equation I XXX is determined fromthe estinmated path conponents Rxiest,
Ryiest and its changes with tine Rxiest arid Ryiest as well as the errors

" (err)Rxi, (err)Ryi and (err)RXi and (err)Ryi: 5 ~Ei. » ~ Cl1l ~ ~~1 ~ Finass
~iest ~ ~XX~? lal The outputs of the bearing angle differentiation circuit
23 and the frequency differentiation circuit 25 are linked to the
iterations circuit 30. Here, the m ninumof the sum of the bearing angles
di fference and frequency difference or its squared difference values is

det erm ned accordlng to the estimtion equations: .,. ~ ~P~ ~+ ~ ~gil ~
~Pl ~ - rr|| % XXX )R A“; “44R,j=1and ~z z ~, !: r, D I&WISB ~'  Bneas
gi est Beat mcFFn €

§§aﬁwg | ﬁ h~~ " by ~~P~ 2 + ~gi, ~4P ~ - nmini=1
i;i i=i (XL) The mi ni miSagsi on Rsirun for so long, until the error vector
(err)P1 reaches a | ower border (err)Pl1 which is lower than the limt

(err) Pm ng gdvBopdagn qurehﬁ%dﬁhﬁ i lefrorlvactof A i @Mﬁngﬂt AvRXesit maRY&st as
well as path errors for each bearing angle Biness are

cal cul at @dnthi@heFRqheRBGertbR AR bilt l’geou%Nl@é eqiBGS D eeBlveiBAERA S Subdpexpor der
~Pt < ~Pmin. Except for a determned rest error limt, the estinmated

beari ng an@lseruBRasH afGUR sscnlBleinérdde bearing angle Btrue and the estimated
path and velocity conponents RXest, Ryest, 28 Vxest, vyest equal the true
path and velocity conponents Rytsruss Rxtrue, VXtrue, Vytrue and t he
estlnatedgpo g? £rBoue gﬁx Fire t-é%ﬁﬁﬂ% Qe Apue Doppl er frequency Ftrue.
The limt c¢ftcuit 31 18 shiftedsf noAR e e iteration circuit 30 and
controls the estinmation arrangenent 20. By going belowthe limt ~Pmn, the
obj ect day Q}P woul d be shown in a display 100. Fig 7 shows the reception
frequency of FZ1 (fromthe object beaned spectral line with a sending
frequency of FS = 1000 Hz) over a time progression, when the carrier
vehlcle\Mtngh% difier systemis doing a nmanoeuvre. For the neasurenent
of the nanoety -0 thelow antenna is inportant, which is started at a
time t=15 HIFEE s after the object has at the tine t=7.5 reached the area
of the | argest approxination CPA, where the reception frequency FZ1 equal s
t he sendlg r$%§g&%% % At t he begi nning of the neasurenent, the
receptlon requency =1003.8 Hz and after 15 minutes it equal s 996. 3
Hz. At this tine p0|nt the tow antenna is turning because of the
manoeuvres ML and the recepti frequency FZ1 begins to rise to 998 Hz. At
the end ofB;théARAmoBuytlas.; Ehe) | BeeptABn frequency FZ1 goes dowh agai n over
atimet. The invention nmethodsiwith addition of the time progression of
the reception frequency FZ1 after the deternm ned object data in Fig. 7, can

be gathered fromthe diagr n Fi : e scena as in F|g

a mnoen/FE- € TS R Dae il Byl beafiGhg e e nESLURFEE of Ui e
obj ect, mhucqﬂj ﬁ t ween 28 and 34, can be estinmated with stability

al ready aft&rFHihlites. Fig. 8b shows that the invention method esti mated
di stance of Rto the object converges after less than 2.5 m nutes. One

sees, that ghe |distancg R comes down within the first mnute angyreaches
iest|AP= imess

The term coefficient hi1 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 = (Axo, Ayo, Avx, Avy):

19



“the CPA after 7.5 mnutes. After that the distance Rto the object becones
bigger. Fig. 8c shows the progress with tinme of the estimted sendi ng

" frequency FS ~ 1000 Hz. After 15.5 minutes, the curve is interrupted
because at this tine point, the own manoeuvre ML of the tow antenna is
started. During this course manoeuvre ML, no neasurenent data is eval uated.
The velocity 29 v/im's of the object (which noves between 4.8 and 5.1 nis)
can be estimated with certainty after already 3 m nutes as can be seen from
Fig. 8d. For the calculation of the object tain Fig. 8 afilter length
of 30 minutes i §Bysed. Thidks jmeans Rhal feksured bearing angl es Bi mess and
reception Peﬁuq&&% s Fr > afﬁa?n@getOLQ§g han 30 m nutes are not used.
But the object data“prots im Fig. 8"Shows that on can in less than 5

m nutes estimate the object data with certainty through using frequency

information. One can hence work with a filter length or tine limt of for
e.g. 5 mnyfes. LS Préest advant age that by manpguvres of the object,
t he obj ect dat a(®an:)be- Bstidfat ed with certainty after 5 m nutes again

wi t hout operating intervention. The group signals are anal ysed together
with the 3ounds Fgasiaeieby anfSxsismapditier 10 1n the frequency

anal ysi s crrcui } o%ér¥d§an1|s created by using the |linear side
antenna or a tow antenna as system nodifier 10, where the deepest frequency
spectral linesof the receivegd noise is recognised and its frequency Fs is
ascertain@g.zin—ﬁﬂ% sare ettt heotise of a side(antenna, a so-called

Fl ank array, urfdentakes éRﬁ& F ghakysis of the directional characteristics
of the signals at the start of the direction processor 11. The received
sound i s denodul ari sed through a band pass filtering. The nodul ari sed
frequencyy .S, : , S f ' |l i ke
the Lot s T (P R o b R s
caused Dyubliaf e%p, A, 4 RE: BEGNEISEIS (R @Y Propellers. The spect ral

anal ysis delivers for exanple two spectral lines at the beginning of the
scenari o, the neasured frequency F1 = 1045 Hz and F2 = 1005 Hz. Their
progressionhwﬁghﬁfgﬁq is shewn,in Fig. 9. Both neasysed frequencies Ft and
F2, whi ch belPong®Atp 'tfit unkhowt beamed sending frequencies Fsl = 1000 Hz
and Fs2 = 1040 Hz, cones fromthe sane object and are percentagew se
affected with the same Doppl er di splacenent. They are conpil ed together
into an art%figiangq spectral line and then analxﬁed with the object
data anal ysi$. Thavfi'étft1 6us 3béctral frequency of 'the artificial spectral
line is for e.g. fixed at Fkunst = 1030 Hz. For determning the reception
frequency Finmess, many frequencies F1, which are neasured in tinme interval
(err)t, akrhe e@prepfédent dengid) ideanaly halrredustedf. thapisseinteayal féit 3¢ e dflenci es
Fgl is used for the transformati on of the neasured frequency Fli, where the
fictitiouseffperts desarmiedeniiisndi'@dd Bkunst is di vided by the valid frequency
Fgl and then nultiplied with the nonentarily neasured frequency Fn. One

gets the frequency values on the artificial spectral |ines transformed Fk1,
as neasur.gnen alues of the re tion frequenc i Mess, [ noves in a
Very 1 oriineigh amiiinAdl Dne PREGT IR Guoh SENS b Bt g B 1030

Hz. Fkuns~d7ki - xiTUBee ° ~, ~ ~li gl The second neasured Frequency F2
amount s tBIDWEEY and is recal culated by the same fictitious spectral
frequency Fkunst = 1030 Hz, where the fictitious spectral frequencies
Fkunst = 1030 Hz is divided by the validly nmeasured frequency Fg2 and then
nul tiplied with the monentarlfiy ajured frequdfcy F2i: ,~ rxunst k2 |neas
~, ' 2i gd Fq.BQ9.,.showsBhesildes 'Ee melagur ebP\f rlequency Fli and RAI the
frequency Fkl1 iland Fk2 over tijhe tn+«e linterval t . which shows an of fset of
circa 2.7 Hz to one another. The transforned frequency Fk2 is displaced or
reversed at its nean deviation in direction of the transfornmed frequency
Fk1. The Thesstniatiofé@atidndumihd dbjdet dita id Hrmddfeonpé@aonsSal ald IKRX. spectral |ine Fk

is supplied as the reception frequency Flnmess for the analysis of the
obj ect data. 31
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"Results of the object data anal ysis under consideration of the spectral
frequency Fk as reception frequency Finess is shown in the diagramin Fid.

" 11. Fig 1la shows the bearing angle B over the time t/mn. The distance
estimates to the object are already stable into the first nanoeuvre M
after 8 mnutes as shown in Fig. 11b. The distance R between the carrier
vehicle with the nodifier systemand the object anmounts to 7 kmafter 5

m nutes. Fig. 11c shows the velocity v/ims of the object over the tine t,
whi ch al spitp&Sh iBS&uRmnditagd ¥ailmdRS ob thehiriig QRIS Bikss Bidt aldnsasadeient oB thigi nut es.
Only the course is not yet clearly determ nable during this tine as shown
in Fig. 2IddptioBufreqateg Mafiome dstiMatfonr &t therduppley frequelicyl Biess tthd tnéiaimuinh® cour se
is estimated with certainty after 7 mnutes. After 8 mnutes, the carrier
vehi cl e nenoelvdeasmatd avey & makurymeanfs aMPestibtitecan be gat hered from many obj ect
data plots la-11c, that this velocity manoeuvre M2 does not disturb the

obj ect data, estimation, but confirms the current values. The manoeuvre M
ends after 2( Binutes. )zThSS vel @ci kY. g@poeuvre M2 | eads, because of a change
in the radial veIOC|ty VR ™0 a“Change in the Doppl er dlsplacenent and with
that the reception frequency Finmess. This change is not noticeable
negatively d rlng the analysis of the object data. The second velocity
manoeuvr e ZEI Her ;9 ?E%@x ghji does not lead to | ost in the object
data determ o~ the carrier véffcle travels a course
manoeuvr e, mhere the bearlng angl e fron1vesse| to object changes and this
change is very large. During this tinme, a stable estimation of the bearing
angl e i s Thetalpdssi dbjeet dates(basad obehe gariinempgivdsrtignpasitien, yelpsityi and thasecafithee i n
Fig. 11 a. After the manoeuvre M3 ends, the stable estimation of the

beari ng abgkteviingheaapgecndaposetptl (xaf. venvy. 2. 5 mi nutes. This course nmanoeuvre
M3 does not however disturb the course determ nation k of the object (Fig.
11d), nor the distance estimation (Fig. 11b), and nor the velocity
determination (Fig. 1lc). In summary it can be determ ned, as shown clearly
from t he Kb} dhows a Fequepsyiagramwitt] e regeption fieguench &1 -2 4% a8 Feoverdhartimedst | mat es
w t hout manoeuvres reaches a convergence tinme in less than 7 mnutes 32

and t hat frare4\nbiegle tTyeS&rRﬁ’Jeé@@Ns@afﬁﬁgﬁ)eré@u@W fhe 08P Hzer EarBHEEPENdoes not
prolong this convergence tine. 33 PATENT CLAIMS 1. Method to passive

det er m ndteRescHF ol dit Feratonsisty ol BuPicchtedm P’é’c%'i ‘Bﬂhie“% BFBEFi % &erelddfst i on of
sound waves beaned or sent from an obj ect troni c acoustic

modi fi er &3¢ VEIRFibt C‘H“@Bﬂ‘é R IO Bie Cﬁﬁ‘eﬁéf?}}“il,"ea ‘hﬁ OPJ&Ftr i @? (?“’é‘é‘%‘@l‘/ sgpke

esti mat ed bearln . s determ ned from est| sitjons of
The. o) echiina i a8 G da F%%bﬁ&hai e afﬁféfﬁ@t \ l%gtﬁ? s endert

di fferences an re.ite tlvely

i ni m sed’? ’f Fgleflsgregﬁgarnaﬁ?leggl SBH- e{ihetre ‘F’f)ercﬁp 1P|n %aélarﬁlersl Fae]ZZF recdeﬁved sound
waves is uals t&)e se(aéi1 9% fr uer% ?%E..%B&}'Hia ré’d?eh %319{]!9 cglggoneﬁtt i aﬁQﬁXal hlﬁl zﬁﬁtﬂg m ned

at least as a rec guency I ne,

fr equenqé)éa% oF e 50 gg;frc(x%l t)og Aorfe?chgf Hof i F?"rét ng{f'ﬁquﬁ&%ﬁhe(r 'c:ﬂs (,seﬁ)en

cal cul at rom an e er frequency e estimted

Doppl er f e%FseS g)er&g&ﬂfﬁta)]dh nemh@ﬁecgﬁhecymedof?em&m%% aeagy {4 ggmancy from

t he obj ect enment from esti nated obj ect

posi ti onsygf Ryl tﬁéﬁasslﬁéfhﬁéhbmacﬁ@@'& %{dﬂnﬁ?mﬁé%' i€ We ah&rebiheros flel OBIEShiRE A NI
angl e (Binmess), and whose changes with time (RXiest, Ryiest) in the bearing

angle is Rf Aip1Reman gnd hdkredubiRy g&&emeteaubemmc@mtlme Reakl fgneangl e

difference (8~, 8~*) and frequency difference ((err)ki) or its squared

di f f er encguridbjeddecoime £¢lde it/ £¢Misibalcoursd withtthe rheedvily fibHESer systeifb tThe fréquendy. | MeAs -

Fiat ~ ~" m n 1~1 where the object data is found by reaching the m ni num

of the esdtiokadoadsppaiitd i QisientZunclibit Q ackoatingab dienglatve, @bial velotity edigpoasitser i sed

by the determ nation of the reception frequency with a Lofar-analysis. 34
VR between object and carrier vehicle in equation XXI and XXII.
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3. Method according to claim1l, characterised by the determ nation of the
reception frequency wth a Denon-analysis. 4. Method according to each
claim1-3, characterised by that nmeasured frequencies of many spectral
| ines are conpiled together and form neasurenents of the reception
frequency Finmess. 5. Method according to claim4, characterised by that the
nmeasured frequencies of several spectral lines individually of frequency
values of a fictitious spectral frequency of a common artificial spectral
line is tThrshmdtiordqaricn XXKegkddin bR tiRafienEdsStsthasit e meaaeqt beafing
frequency Finmess. 6. Method according to claim5, characterised by that the
fictitioumglemaatraad tHerreqppesnCiyequancy Fenesre Bt éid, the deargCyistadce,ovetocidy atdne
received spectral lines. 7. Method according to claimb5, characterised by
t hat t he dvemanef tixf objdeeastobmersiha aredrafivebydeesmpinedcal ues f orns neasurenents of
the reception frequency Finess. 8. Mthod according to claim5 or 6,
characterised by that a nean squared deviation of all transforned frequency
values is calculated froma selected transfornmed frequency val ue and the
t r ansf or nig 4faives waercgloty forubs dejgrmindiianéiabe dbjéry dathi whedeati the beginningcbf eekes up
measurenents of the reception frequency Finess. 9. Method according to
cl ai ms 1-jgurneyhgheaabiest§ distandgyio thgeitsxabjecyemis @A dm: she Rrfiegsto objgctya IsMBo=0° Ryi est
- (err)Ry) froma starting position gxo, yo) including a vel ocity dependent
pat h t er mpgsite the north direction No, the velocity 11.3 m/s = 22 kts, the course of the object is 155°,

the course of the own carrier vehicle is 25° and its velocity is 6 kts.

Fig. 4a shows, that the bearing failure during the entire journey lies within an error width of +0.5°,
The relative distance error over time AR / % is given in Fig 4b. The estimation of the distance R
converges after 15 minutes and shows by 20 Monte-Carlo runs after 20 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 3 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 by the
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“( (v, -;. avx ) . dt, (vY + dvY ) . (err)t )] with velocity conponent
errors (wx, Ovy) and path conponent error ((err)xo, (err)yo), which are
"multiplied with its differentiation with tine and the subsequent product is
di vided by the sum of the x-y conponents and forns the quotient function,
~R cast -' dl Zx~ ~Rxe~t ' 4RX) + ~RvyaSt = DI ZY~ ~RY~st ' ORy - _ . ¢ ~R -
LSRX ~2 + RySt " || Ry X981 which is equal to the Doppl er displacenent, that
the estimated sending frequency (Fsest) which is reduced by a sendi ng
f r equencypregell@rof (he@firfig&hiclal The Beliingthinflk Bin@4R Bandasuddd aghiast Aectrioh@ugNath ent
function are multiplied together and that the at the frequency difference
((err)Fi). erronepusly .estimated .Doppl di spl acenent gives ~iest - L,~ =
~~~aa: -‘#Eg“?gﬁ~mé‘¥m eL&gﬁeﬁvﬁﬁgﬁgi@g, ~VY) ~ ~X~~~x 10. Method according
to claim9, characterised by that the error vector (0OP) which is forned
fromthe path conmponent error (~xo, (err)yo), the velocity conponent error
(Ovx, Ovy) and the sending frequency error(~FS), that the estimted Doppl er
f r equencyTd Hlirgiaite -the) ystenaiics beheihe rvatue &, rbearingaytigler mear ise@lcalatetl hweretw or
vector (OP), as its frequency coefficient is determ ned through parti al
di f f er entmabiremenssf df Brmes, Ivehichris measwredt dtoime (@ygls At.s first el enent equal s the
nmeasured reception frequency (Finmess) and its second elenent is equal to
the product fromfrequengy coefficient (gil) nmultiplied with the error
vector (OPg and*t he ﬁtgi%? y difference ((err)Fi) to determ ne the m ni num
36 5 AFi Amessyj g ~yaPLd=lim#s. Met hod according to clains 1-10,
characteri sed by thag*théltrigononetrical function fromthe x-y conponents
(Rxiest - ~RXi ; Ryiest - ~Ryi) is calculated, that the bearing angle
difference is calculated through a Tayl or series expansion of the
t r i gonomeAnd tbe feanaf the vstintatead theaimg engloBicsvagiet aypat{o@iPgan)befealowtatthe pat h conponent
error (~xo, (err)yo) and the velocity conponent error (Ovx, Ovy) makes up
the variables of the Talyor series expansion, that its termcoefficients
(hn) through_parfi diffqygqtigghon of the W lgongetrical function after
the error VPeet Gri{ §an§é§e%erggﬁed, ¢¥§3$r5§rf§§$hﬁnt equal s the measured
bearing angl e (B'nE%s) and *#'t's setond el enent *&qua ¢ the product of the
termcoeffiztient (hil) nmultiplied with the error vector OP1l, and the
bearing angle difference forns, z a z Si - Biusa - ~iesc "- ~, hit ~ P1 i-i

that the pURGhaldh@rsaianetleLratd e AOAlR HirliRE SPERScANS shitheSEE4ASL
frequency difference is iteratively mnimsed and its mninmum gives us the

. ) n . . H H —~ + —~ 1 1 H ~
obj ect daz}ngle Biest after e$q|uarlrt%§181 aAd at‘}Qat mean of theFel:sHIIralgtgd Erllg e *B“aftler ezquhtlzon II for each

“own distance” k:

k
E'ix = Biest - Bast ITI
R AR R AR, "
E‘f = arctan —sde=i. mohd . gpopgp et ok v
Ryinst - ARyi Rxeet - ARy

ek
The estimated difference value “* is developed in a Taylor series with the error vector AP = (Axao,

Ayo, Avx, Avy) and truncated after the second element:
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"~ hit ~OPl~+~~9m~ Ol | - rnirl i.l 1~1 k~ ~J1 12. Method according
to clainms 1-11, characterised by that over a tine period during a straight
novenent of the carrier vehicle along an "own di stance", a nunber ( |k) of
bearing angles (Biness) to the object are neasured and a bearing angl e nean
~ E'"" ~ from 37 t he neasured bearing angle (Biness) is determned, and to
each neasured bearing angle (B~~ss) an estinated bearing angle (Biest) is
calcul ated, that a estinmated angle nmean ~ B~~" ~ fromthe estinated bearing
angle (Biesy) is calculated, that ) the bearing angle mean ~ B ~" ~ is
deduct ed f Fonf #aeh~reasur ed bearing angl e (Biness) ah#the estimted angle
mean ~ $P9r ~ is deducted from each estinmated bearing angle (Biest) and a
measur enent difference value and_estimtion difference value is fornmnulated,
t hat the n%@syrenggtathteAEﬂce val ue agg-tb@xéstina%&on di fference val ue
i s subtracted, 24f ’fﬁustsuﬁﬁgaétfﬁhtﬂ1yes ITg estimatéd bearing angle
(Best) fromthe neasufed beafing angles {Bi meds) from systenatic bearing
angle g of a free bearing angle deviation (D) and that during the tine
interval Witk . ~ti), the sum of the bearing angle deviations (D) and the
frequency difference (~Fi) or the squared deviation of the bearing angle
and squaredQEmequency difference is calculated and that the m nimum of the

[N

B

sumis iter 'vjly calcujkated and gives the object data: \ "2 Hnoie ~
S

HsuaJ -' ~ ABfut ~~~J 11~ ~ |waee ~Imt~ - PIl J 13. Method according to
clainms 11 and 412, characterised by the trigononetrical function and the
formation of its nean value, that the deviation or standard deviation is
determ ned through a Tayl or series expansion of the trigononetrical

f unct i on 2afRETICieat ARegSSval ue after the error vector (~P1 ), its coefficient
(yil ) equals the termcoefficient (hil) and its nean values ( ~ hl f ),
that its first elenent equals the neasurenent differences and its second
el enent equal s the product of, the coefficient (yil) multiplied with the

error vqu;mgﬁfxﬂ.gfp8 andSropns thepdeviation (D), that the sumof the

squared devi ation andm§&uare o r%huencylﬁifference is mnimsed: |hll - by
~dP;, ~ +ivl 1~1 a 2
where,
K
“Pr]AP—U = Bimnﬂﬂ - Bmesa

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

4
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

X k

Vi1 is set out of term coefficients hy,

error vector AP = (Axo, Ayo, Avx, Avy). The coefficient

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

(3), (4). The coefficients are:
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Dl = { [Biut - Baat‘ }— [Bimas - Bmmvs)c ]} =

= i{ [hfl - b }.Apl }2

&0 according to VI:

VIII

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 lk

measurements and estimates:
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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 Ati. 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, e 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
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entry data, the estimation circuit 15 is estimated according to the estimation equation (A) and (B)
path component Rxiest, Ryiest, and path error ARxi, ARyi. From these estimation values, a bearing

angle Biest is calculated after equation I through an arctangent circuit.

In a bearing angle difference circuit 23, which is junior to the estimation circuit 15, the estimated

path component Ruxiest, Ryiest and its error ARx, ARy and their dependent term coefficients hi1 after

b X
equation (1), (2), (3), (4) as well as its mean value B: formed. From this, the coefficient Y11 is
calculated after equation (5), (6)., (7), (8) and summarised as measurement angle differences after

the estimation equation VII and VIII:

_ 2 . 2
&, = [Bimaas - Biest:’ = 2{ hy, - AP}.} VII

VIII

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
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equation IXXX is determined from the estimated path components Rxiest, Ryiest and its changes

with time Rxiest and Ryiest as well as the errors ARxi, ARyi and ARxi and ARyi:

5
AF:’L = Z gil ) APJ. = Fimess - Fiast (IXXX)
1=l

The outputs of the bearing 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:

1 4 5 )
2 [Z hy, - apk+ Y o, - APJ{I = min (XXX )
! 1=1

i=1 | l=1

and

(XL)

The minimisation is run for so long, until the error vector AP1 reaches a lower border AP1 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 Bwue and the estimated path and velocity components Rxest, Ryest,
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v10%' ()-L,!10% ()-B) C+C, C- C. CYF2HIbCW.A
T 398 109 vk Sdedr QUK tHe) trid fH QU@ vEIbeify components Rytrue, Rxtrue, Vxirue, Vytrue and the
estimated Doppler frequency Fiest equals the true Doppler frequency Firue. The limit circuit 31 is
shifted on after the iteration circuit 30 and controls the estimation arrangement 20. By going

below the limit APmin, the object data P would be shown in a display 100.

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 Fzi 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
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For the calculation of the object data in Fig. 8, a filter length of 30 minutes is used. This means

that measured bearing angles Bimess and reception frequencies Fimess that are older than 30

minutes are not used. But the object data plots in Fig. 8 shows that on can in less than 5 minutes

estimate the object data with certainty through using frequency information. One can hence work

with a filter length or time limit of for e.g. 5 minutes. This has the advantage that by manoeuvres

of the object, the object data can be estimated with certainty after 5 minutes again without

operating intervention.

The group signals are analysed together with the sounds received by the system modifier 10 in the
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 Fiis 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
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10( S10%@& () - Z940%@& () -!10%@#& ()-!9Y 10%ak () - ZLlOO/éLI ()-

f110%&' ( )hoghfthdl hpdtrrhialkiahis ¥ONGS. 1iQedl ) @10 @ B@HY, For determining the reception

109@& ()-4109%@& ()-1S10%@& ()-,/ 10%&& ()- Y+10%a&' ()- Ybhhii hi}iiaBYNC8 10,

109%& () ft@huency Fimess, many frequencies F1, which are measured in time interval At, are captured,
compiled and validated. These validated frequencies Fg1 is used for the transformation of the
measured frequency Fii, where the fictitious spectral frequencies Fiunst is divided by the valid
frequency Fgi and then multiplied with the momentarily measured frequency Fii. One gets the
frequency values on the artificial spectral lines transformed Fx1, as measurement values of the

reception frequency Fimess, which moves in a very tight border around the fictitious spectral

frequency Fikunst = 1030 Hz.

— F)mn:t P
- S rarmnn 1'

Fli = Fluess .
gl

The second measured Frequency F2 amounts to 1005 Hz and is recalculated by the same fictitious
spectral frequency Frunst = 1030 Hz, where the fictitious spectral frequencies Fxunst = 1030 Hz is
divided by the validly measured frequency Fg2 and then multiplied with the momentarily

measured frequency Fai:

F
- = —Kunst
sz - Fimess - P ! in
g2

Fig. 9 shows besides the measured frequency Fii and F2i, the frequency Fk1 and Fx2 over the time
interval t, which shows an offset of circa 2.7 Hz to one another. The transformed frequency Fk2 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 Fk is supplied as the reception

frequency Fimess for the analysis of the object data.
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1090&' () -flej@MdRFifodsis AdGn in the diagram in Fid. 11. Fig 11a shows the bearing angle B over the
time t/min. The distance estimates to the object are already stable into the first manoeuvre M1
after 8 minutes as shown in Fig. 11b. The distance R between the carrier vehicle with the
modifier system and the object amounts to 7 km after 5 minutes. Fig. 11c shows the velocity
v/m/s of the object over the time ¢, which also assumes stable values of between 3 m/s to Sm/s

after 3 minutes.

Only the course is not yet clearly determinable during this time as shown in Fig. 11d. But also
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. 11c).

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
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convergence time.
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PATENT CLAIMS

1. Method to passive determination of object data, through a directional selective reception
of sound waves beamed or sent from an object, with an electronic acoustic modifier
system of a sonar reception device on a carrier vessel of estimated bearing angle, which is
determined from estimated positions of the object, and measured bearing angles, there the
bearing angle differences between measured and estimated bearing angle are iteratively
minimised, this is characterised that from the bearing angle received sound waves is put
through a frequency analysis and the frequency 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 (i, 8i*) and frequency difference (AFi) or its squared

difference can be iteratively determined,

1, 2 2
Z {( Bi““ss - B-\-\‘JST- J + ( Fimeas - Fia.-st ) ] = m'l n
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.
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3. Method according to claim 1, characterised by the determination of the reception

frequency with a Demon-analysis.

4. Method according to each claim 1-3, characterised by that measured frequencies of many
spectral lines are compiled together and form measurements of the reception frequency

Fimess.

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 (Rxiest - ARX ;

Ryiest - ARy) from a starting position (xo, yo) including a velocity dependent path term
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({v, + Av,) - At, (v, + Av.) - .
" 0y +Av,)- Aty with velocity component errors (Avx, Avy) and

path component error (Axo, Ayo), which are multiplied with its differentiation with time
and the subsequent product is divided by the sum of the x-y components and forms the

quotient function,

1 (Rxast - ARx)(Rxest - ARx) + (R - ARy) (R

yest

< ‘\[(Rxest = ARx)z + (Ryest - AR)")2

~ AR,)

yest

which is equal to the Doppler displacement, that the estimated 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 (AFi)

erroneously estimated Doppler displacement gives

Fie — AR, = (F,,,. - AF‘,)I: 1- Q(Axn, Ay, AV, Avy)] (XKI1T)

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 :
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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.

2 2
.Lz [:( imess Biast) + ( Fimess - Fiest) ] =

1, 2 2
Z {[ 24: hy, - APl:) + [ i e PR AP_L:I } = min
iw]l 1ml 1wl

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 B | from
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angle mean ° et ) 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 8 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:

M_;-

i

I

13. 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 ( thyo ), 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)
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and forms the deviation (D), that the sum of the squared deviation and squared frequency

difference is minimised:
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