
116 MAy aoo6 METHOD FOR PASSIVE DETERMINATION OF OBJECT DATA The invention
is about a method for passive determination of object data through a
selective  directional reception from sound waves, which is mentioned as the
preamble for a patent in claim Position, velocity and course of an object
(e.g. a surface sea vessel, submarine or torpedo) can be  determined without
giving away the course of the own carrier vehicle (e.g. surface sea vessel
or  submarine). Sound waves from the object can be received by a sonar
receiver and the bearing  angle to the object measured. From this hearing
angle, together with the position of the own  carrier vehicle, the position
of the object and its bearing angle can be estimated and calculated.  The
difference between the measured and estimated angles will be iteratively
made smaller until  it reaches a margin of error. This estimated position is
recognised as the object position. Beginning from the position of the
object, which for example has been randomly selected as a  start position by
a selected first bearing beam or else known through other instruments on
hoard,  positions from an estimated x-y coordinates for the object is
calculated and the bearing angles  estimated. The carrier vehicle travels at
a constant course during the measurement of the bearing  angle for a given
time and covers a distance, called its "own distance". The measured bearing
angle is compared against the estimated bearing angle and the difference is
determined. This  difference is minimised until a small remaining error
remains between the true and estimated  bearing angles. This remaining error
is dependent upon a given threshold. Such a filter system is  described for
example in the DE 34 46 658 C2. The iteration time for this filter system is
determined mainly by further inputs. For example, the start position or
supporting data is given 1(-,14AJ,~006 2 by further observations or
measurements from sensors on board the carrier vehicle (c-g- periscopic or
radar measurements). Filter coefficients are calculated from these
supporting data  



which leads to a better first estimate of the object position. The task of
this current invention (which is mentioned as the preamble for a patent in
claim 1) is the creation of a method which can, without manoeuvring itself
and without using other  measurement sensor on board a carrier vehicle,
determine the object data with certainty and  within a tactically
appropriate time frame. This task is to be solved through the
characteristics of the method of claim 1. After an object is detected, the
directional reception signals will be grouped into reception signals  of an
electro-acoustic modifier system, e.g. a horseshoe or side antenna on board
a submarine  (carrier vehicle) or from an antenna towed by a surface vessel.
These signals will undergo a  Fourier transformation and the frequency of
the spectral lines in the frequency spectrum of group  signals will be
determined. The frequency of the spectral line with the biggest level
recorder or  the distance between two neighboring spectral lines (reception
frequencies) will be taken together  with the measured bearing point as the
basis for estimating the object data. Object positions will  be estimated
and its bearing angles calculated. The difference will be determined between
the  estimated and measured bearing angles. Also, estimates of a Doppler
displacement and a start  point beamed sending frequency can be made from
the same estimated object position and its  change with time. The estimated
frequency will, correspondingly with the estimated Doppler  displacement, be
displaced by the frequency. This creates the estimated Doppler displacement
from which the reception frequency can be deducted. The difference between
the reception  frequency and the estimated Doppler frequency (frequency
difference) together with the bearing /J_( ::, "Ay A006 3 point difference
will be used for the determination of the object data through the
Least-Square Algorithm. The advantage of this invention method claim I is
that the same object data, that is the estimated  



object positions, is used for the estimate of both the bearing angle and the
Doppler displacement.  The frequency analysis of the group signals is
necessary for determining the reception frequency.  This is done normally
through a sonar receiver device. This device increases the accuracy of the
angle, or the separation of several objects detected in a bearing angle or
classification from  objects and does not require extra effort for signal
processing. The sending frequency of the  object as a starting value is
determined simply from a measured reception frequency and the  assumption of
a normal travelling velocity of a sea vessel. This sending frequency is
either the  frequency of a spectral line (because of the noise from movement
of the object), or a signal that is  sent out from the object. Including the
reception frequency in determining the object data has the  advantage that
the object data can be determined in a short time without manoeuvring the
own  carrier vehicle. A further advantage is that two objects that have been
travelling for a long time  within the same bearing angle can be separated
as their reception frequency will be different from  one another because of
the Doppler displacement. The Doppler displacement shows a remarkable
difference in that the radial velocity component between the carrier vehicle
and the two objects  must be different although the bearing points to both
objects do not change. If the carrier vehicle moves at a constant velocity
along a so-called "own distance" at a constant  course, the reception
frequency changes as it is dependent upon its own radial velocity
components and the (pointing in the same direction) radial velocity of the
object. With  knowledge of our own velocity, we can eliminate our portion of
the Doppler displacement and  analyze alone the portion belonging to the
object. Besides the frequency change over time, the  so-called frequency
stroke, the bearing point changes over time during the journey over its "own
1(~ W/v/ aoo6 4 distance`. The time until all object data can be measured
with stability is called the convergence  time. The convergence time becomes
shorter when the frequency stroke becomes bigger by  



travelling over its "own distance". Measurement tests on a submarine showed
that a journey  without own manoeuvring and a frequency stroke from a few
Hertz can achieve a stable estimate  of the course, the distance and the
velocity of the object after less than 10 minutes. The velocity  of the
object in the tests was 10 kn, the velocity of the carrier vehicle was 6 kn,
the starting  distance between carrier and object was 6 km and the bearing
angle at the beginning of the  measurements was -45. If we estimate the
object data with only a consideration of the hearing  angle, we cannot reach
a convergence. An estimation of the object data is possible within a short
time only through extra measurement of the reception frequency and the
estimation of the  Doppler displaced sending frequency In the advantageous
further development of the invention method claim 2, we can utilise the
Lofar-Analyse, which is described in L. Ktihnle "Classification and
Identification - CAl - by  Submarine Sonars", Naval Forces Nov. 1987, pg.
27-31. By reception through a tow antenna, an  estimation of the object data
of very distant objects is reasonable. This is because of the small
absorption of deep frequency sound waves in the carrying medium, the good
bundling of sound  waves and the accuracy of the measurement of the bearing
angle, which is large enough because  of the small opening angle. If there
is no tow antenna to act as an electro-acoustic modifier system, it is
advantageous to  undertake the Lofar-Analyse with a side antenna, a
so-called Flank array and a Demon-analysis  with a horseshoe basis, a
so-called Conformal Array. The received noise will undergo a  demodulation
through a band-pass filtering and the frequency of the spectral lines of the
demodularised signals can be determined. These frequencies lie in the same
frequency band as 16 HAY aodd 5 the spectral line (determined through the
Lofar-Analyse) and are caused by propeller revs and  propeller foliation, as
described by the article in the Naval Forces etc. 



We get frequencies spectrums with different spectral lines through the
Lofar-analysis and the  Demon-analysis. The spectral lines with the deepest
frequencies distinguish the revs of the  propellers. If the frequency is not
received, the distance between neighboring spectral lines  correspond to
this frequency. The frequencies themselves or the distance between
frequencies  can be utilised as reception frequencies for the determination
of the object data. The accuracy of the frequency analysis and the
determination of the reception frequency are tied  to the accuracy of the
object data estimation. In accordance with the further development of the
invention method claim 4, we do not utilise a single frequency, but the
frequencies of many  spectral lines will be compiled together. Together,
they make up the reception frequency. The  advantage lies especially in that
there is no need to estimate the sending frequency and Doppler  displacement
of every frequency, but only one single reception frequency goes into the
estimation  of the object data. The estimation algorithm does not become
bigger and despite this, the  estimation of the object data is optimised.
The advantage of the further development of the invention method claim 5, 6
and 7 lies in that if a  spectral signal falls away, there is no need to
calculate a new reception frequency. This is  because diverse frequencies on
a fictitious spectral frequency of an artificial spectral line can be
transformed. These transformed frequency values or their mean measurements
can form the  reception frequency. If one uses the spectral lines as
artificial spectral lines, there is not need to  undergo a frequency
transformation. On the other hand, the disappearance of the spectral lines
by  a tracking will not interrupt the estimation. With the transformation of
frequency deviations of j6 NAydoo6 6 frequency values from the fictitious
spectral frequencies, the estimate is balanced out through the calculation
of the mean. After the advantageous further development of the invention
method claim 8, the frequency  



deviation is balanced out through a Lease-Square-Mean estimation by the
displacement of the  transformed frequency values to a selected fictitious
spectral frequency. Consequently, many  spectral lines measurements during
the available period are utilised, even when some spectral  lines disappear
periodically and no valid measurements are taken for 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 2G MAC aoO6 7 components multiplied with the speed of sound to form a
quotient function. This function equals  the Doppler displacement of an
estimated sending frequency that comes from a sound wave  beamed from the
object. The estimated sending frequency shows a sending frequency error. The



estimated Doppler frequency is determined from the difference between the
sending frequency  (which has a sending frequency error) minus its product
with the quotient function. The  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 J-r~ MAYA-006 8 the x-y coordinates of the
object and also the error of the sending frequency. This linear estimation
model can be described with matrices. 



According to the advantageous further development of the invention method
claim I L 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 I I ties 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  min imum 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
J-G H AV c),006 9 carrier vehicle and object are not found on the same
bearing plane, for example the horizontal plane, and the occurring sound
waves has an angle. for example an elevation angle. With the 



sonar reception device, the direction of the sound which corresponds with
the projection of the  spatial direction of the sound wave on the bearing
plane is measured. The systematic bearing  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. HAy aoo6 10 The systematic error of the bearing angle estimation can
be eliminated through the calculation of 



the mean of the term coefficients and its difference to the actual term
coefficients. The invention is further described in the diagrams with a
demonstrative example of a method to  the passive determination of object
data with sonar reception device. It shows: Fig. I 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. 9 and 10
Frequencies from measured spectral lines and an artificial spectral line
over time  Fig. II Object data plot based on measurements of a tow antenna
with own manoeuvres _I G MAY a006 11 Fig.I shows a scenario for the passive
determination of object data. With an electronic modifier  system, e.g. a
linear antenna or a tow antenna, a sonar reception device on board a carrier
vehicle  measures sound from two different objects from the same direction
and bearing angle Bi is  measured. One object is on course 1, another on
course 2, which are both portrayed in an x-y  coordinate 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 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 I with  velocity of vi and the
other object on course 2 at velocity v2 travelling to their next target
positions. The measured bearing angle Bimessto 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 fi-om Fig. I 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 Ptrue. The object is moving away from its start  point Po
at coordinates xowe, yone with a velocity of Vxtme, Vytm and put behind it a
distance of  Vxtrue . At and Vytruc . At. We measure the bearing angle Bmess
to find the new true position of the  object Ptuue. The new position Pwe 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 Xotrue
moves with a path failure of Axo to  coordinates Rxest in x direction with a
velocity of vx, and a velocity component error of Avr in a  time interval
At. In the y direction, the object moves during the time interval At from
the  coordinate yotrue to coordinates Rycst with a path error of Aya and a
velocity if vyest and a velocity  component error of Avy. The coordinates of
the objects are estimated with the errors ARx and  ARy: 16 MAy ar~o6 tz xr.
eet = x'0 true + V1 At + (Axo + Avx At) = Rz true + AR x  Ryes" Yo tree + vy
At + (Ayo + Avy ' At) = Ry true + AR After refommlation, one gets (B) Rxtrue
= Ryest - ARx - Rxest - (AxO + Avx - At) (a) Rytr e = Rye,t -ARy = Ryest -
(Ayo + Avy - At) (b) From this, the estimated bearing angle Best is
calculated: Best = aretan Rest - ARM 



Ryest - ARy I The true position Ptnic 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 Ptrue. This estimated bearing angle
Best equals  the true bearing angle Btrue and amounts to: Ret = 2 true
arotan x0true + Vxtrue ' At - XE B:ne3s  Yotrue + vytrue - At - yz The
object data P= (xo, yo, vx, vy) are correctly estimated, when the error
vector equals null: AP = (Axo, Ayo, Av, Avy) = 0 with AP1 = Axo, Ape = Ayo,.
APs = Av,; and Apo = Avy. The difference between the estimated and measured
bearing angle difference is minimised to determine the object data: (Biest -
Bimess) = min 2(S HAjaooL 13 The object position Ptme is to be calculated
until a remaining rest error, which is limited by a  minimum margin of
error. Then is Biest  Bimess The inclusion of a estimated Doppler frequency
makes it possible to estimate the position without  own manoeuvring through
a simultaneous minimisation of a frequency difference between  measured
reception frequency and estimated Doppler frequency under consideration of
the  



bearing angle estimation after equation I. The object has left the start
position Po with the velocity v --vi according to Fig 2. As we know  the
true angle bearing Btrue, we can recalculate the velocity component vx and
vy of the object in a  radial velocity component VR, which is pointing in
the direction between the own positions xc and  ye and Ptme. Vg = Vg 1 + VR"
= Vy  cos Btrue + Vx sin Btrue (c ) The radial velocity component VR takes
into consideration the correct algebraic sign of the added  radial velocity
component of the object Vaz and of the carrier vehicle VRE. VR=VRE - VRZ
Because of the radial velocity component Va, a sending frequency Fstrue
(which is a sending  signal or contained in the noise of the object and sent
out as a frequency) undergoes a frequency  displacement. This reception
frequency Fruue is affected by the Doppler-effect, as described in  Chapter
7.4 "The Doppler effect" pg. 334, 335 in the text book "Experimental Physics
F", 2nd 26 HAY cOO6 14 Part. Edgar Luescher, University Textbook,
Bibliographical Institute, Mannheim 1967 This  method applies to that of the
Doppler frequency: Ftn,e at,,_ One receives through a series expansion after
substituting in equation (d) for the reception  frequency, an equation which
equals the true Doppler affected sending frequency: V,  F:r c = Fscrv: Z The
reception frequency is dependent upon a quotient function, which is
proportionate to the  radial velocity component VR: Q = VRJC (XXI) 



The radial velocity component Vx is according to equation (c) dependent upon
the velocity  component in x and y direction vx and vy and from bearing
angle Bwe: vR V- R' =7y s cos Berne + vx gin 13t... (c) The velocity
component vx and vy equals the change with time of the x-y coordinates of
the object: aR=ct rn e _ R V - xtrue dt v _ dR~rt __F2 r dtytrue _16 MAY
&CD6 15 One obtains with the equations (a) and (b): Rxt"e = Rest - Aftx Y =t
- ARy (e) (f) With the consideration of the true bearing angle Btmc between
the reference direction No and the  direction of the true object position
Puue, sin B _ : r_tr.,e 



e R (g)  truce cos BtY one receives the equations (a) and (b) for the true
distance Rime to object Rt=ve = Rxztt,:e + RyxiNa Rtne = ;(Rxeet - ARx}Z
Ryest - b"y  Also ARk = Axo + Avq  At ARy = Aya + Ay,  At . (h) In equation
(c), for the radial velocity component VR, the equations (e), (f), (g), (h)
and (i) are  substituted in, and one gets for the Doppler displacement the
quotient function Q=VR/c ;tGMgt'fctO6 16 In dependence on the error vector.
AP = (Axo. Ayo, An. An) Q(AP) _ _- C (XXII) ER ~st APj (Rxtst - ARJ + (Ayest
- AEty) \Ryest - AR Y) (R,est - 4Rx )` + R vest - ARy} The sending frequency
F3, which is beamed from the object, is estimated with an error AFs. 



Fsest - Fstrue + AFS Fstsue - Fsest -AF and substituted together with the
quotient function Q after equation XXII into equation XX for  the receiving
frequency (which equals the true Doppler frequency Fmic). Fttue = (Fsest -
AFs) [ 1 - Q(Axor Ay,, dvx, dvy) I(XXIII) With an error difference of AF,
the Doppler frequency Ftruc is estimated as an error  Fr,, ` Fest - AP and
substituted in equation XXIII. For each bearing angle measurement i, the
Doppler frequency  must be determined from the estimated position FtESC AF =
G {Qg} = l sect dEs) i - Q(Axo, AY,, Dv,, 1Avy) I (Y.XFV) The error vector
AP is to be estimated including the error term AFs for the estimation of the
sending frequency Fsesi. AP1 = (Axo, Aye, Avg, (c)vy, AFJ (XXv) Jr MAY 2066
17 The error vector AP will he used to estimate the Doppler frequency the
equation XXIV in a  Taylor series and is truncated after the second element.
1 OG  G;(AP) = GJAP) MAP=oT ~ ~ laaPl AP=o . API pa-VI ) The estimated
Doppler frequency Fiest equals the measured reception frequency Fimess for
AP=O: G1(AP)IAp=o= FESCIAp=a= 



F;, . (XXVII) Equation XXVII is substituted into equation XXVI and one gets
for the estimated Doppler  frequency: Fiest = CI(DP) = F, cress + i=x AP, a
sum, which equals the measured reception frequency Fimess plus the frequency
difference AFi Gi (AP) = Fimess + AF = Fiest AFi .` Fimess - Fiest. For
determining the Doppler frequency, one must minimise the frequency
difference AFi: AF, _ 1=1 aGx  aAp_ ea=o ' AP, (XXVIII) s  AF gi1 - AP, -
F,i~ESS -Hest (IXXX ) 16 MAY ,006 18 Through partial differentiation of the
estimation equation XXIV, where the quotient function  Q(AP) after equation
XXII is substituted in, after the error vector AP1 according to the equation
XXV, one gets the frequency coefficient (g ii) in the following relation:
Fsest Ryiest - `priest . priest T Ryiest , Ryiest)  



nest C - Riest p x - Riest2 R,. (R R, + R. R )  lest R _ nest xiest Sest est
yiest  gig = yiest 2 h c - Riest x - Ries' Fses' gi3 - Priest _t gl  C -
Riest ~seet  gia  Ryiest + gig ` 4ti  C - Riest XXXI XXX1i XXXIII XXXIV
Priest - Ryiest + Ryiest - Ryiest xxxv  gi5 = C Ri_s+ Many frequency
coefficients gil are multiplied with the corresponding error of error vector
APi  after equation IXXX. The frequency difference is iteratively minimised
through estimation of the  x-y component of the position of the target
together with the bearing angle difference according  to equation I. The
estimated bearing angle after equation I MAlcROO, 19 BieEt = arctan 



Rxiesz - DR..; I yies - ARy_ IV is developed in a Taylor series around the
error vector AN = (Axo, zXyo, wx, Avy). This may not  contain the frequency
error AFs, but is otherwise equal to the error vector given in equation XXV,
and is truncated after the second element: Biest (AP) L Biest IAP=O With
aB_est OAP, h1i as term coefficient, one gets: + E aBiest I dP=O 1  ,=1
t30P1 Here, the estimated bearing angle Biest equals the measured bearing
angle Bimess , when the error vector AP equals null. BiesdaPno = Buness VI
The term coefficient hit in equation V is determined through partial
differentiation of the  estimated bearing angle Brest according to equation
IV after the path error and velocity component  error of the error vector AP
= (Axo. Ayo, Avx, Avy); 20 hi-, _ a$+e=t 



oAx0 dF=0 = t I arctan Rsiest - ARs, r7x, Ry.eet - ARY 4yiest  lz The
differentiation after AP2 = Ayo gives the term coefficient: h ah3:. _ ~xiest
(Rxisst)2 f Ryiest (1) (2) One gets the coefficient hi3 and hi4 through
partial differentiation of the velocity component errors Avx = ZXP3, 4vy =
AN and substituting into (1) and (2) ti3 _ aBiest IoP=0 = At; .  aaV_ (3)
(4) The term coefficient hi3 and hi4 equals the product of the time interval
Ati and the term coefficients determined earlier, hit and hie. Through
substituting (1), (2), (3) and (4) in equation 5, one gets the bearing angle
difference D and its square t : ]1ness 



~2-E 4 hil  AP1 1=1 2 VII The estimation equation for the object data is
formed from equation VII and IXXX. 21 With each measurement and estimate i
of the hearing angle Bimess, Biest and measurement of the  reception
frequency Finiess and estimation of the Doppler frequency Fiest, the minimum
is  iteratively determined over li, measurements and estimates: \r, LJ
lJ1mB6.'. 19_t ((1 .-1 + lt,imeaa Fleetl = yftit~ 1.. Q fh,, ' AP, a"  AP, ~
I = tr n XY.X The calculated object data (based on the minimum) gives the
position, velocity and course of the  object with the object data vector P
=(x, y, vx, vy, F) Fig 3 shows a frequency diagram with the reception
frequency Fzi, Fz2, Fzi and Fz4 over the time t  from 4 objects. These
objects all beam the same frequency Fs = 1000 Hz. Each reception  frequency
Fzi, Fz2, Fz3, Fz4 consists of an object term and an own term because of the
relative  radial velocity component VR from the carrier vehicle and the
object. The frequency stroke  during the start and duration of the object
is, with a constant velocity of the object, dependent  upon the measured
hearing angle Rimess. Where the reception frequencies Fzei, Fze2, Fze3 and
Fze4 equals the sending frequency Fs=1000 Hz, the radial velocity component
would equal null and the  



place of the next approximation CPA reached. For the first object Zi, the
Doppler displacement  of the sending frequency Fs and hence the frequency
stroke of the reception frequency Fzi from 3  Hz and the passing time from
the CPA of 7 minutes is the shortest. For the fourth object, the  Doppler
displacement and the frequency stroke of the reception frequency FA is the
largest, as the  fourth object comes close to a collision course with the
receiving modifier system. The frequency  stroke corresponds to a quotient
function Q according to the relative, radial velocity components  VR between
object and carrier vehicle in equation XXI and XXII. 22 The estimation
equation XXX takes in each time interval At as its basis the measured
bearing  angle Bimess and the reception frequency Fimess. From this, the
bearing, distance. velocity and  course of the object as object data are
iteratively determined. Fig 4 gives error plots for the determination of the
object data, where at the beginning of the  journey, the object's distance
to the its objective is 20 kin, the bearing to objective is 130=0  opposite
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 f 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 oft 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'9 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 & 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 8 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 J G MAY aCO6 23 by the propeller of the carrier vehicle.
The bearing angle Bimess is measured against the erroneous  North direction
No' and is bigger by the bearing error -5 . To eliminate the systematic
bearing value $ , a bearing angle mean is calculated over lk measurements of
Bimcss. which is measured at time intervals Ati. i:m2s And the mean of the
estimated bearing angle Bien after equation I can be calculated: Boar = 1
aret:an Rxroee - AR,1 = arctan R_;at --A--k  lk 1-i RYSeez - ARYi Ry,,: -
ARY IT  The estimated difference values are formed from the difference of
the actual estimated bearing  angle Biest after equation I and the mean of
the estimated angle Hootkafter equation II for each  "own distance" k: -K =
Biaat B., - QRxl Rrac - AR.  F = r i 



a c =an  i Rra:t - ARY; Rxeec - ARY Iv The estimated difference value ti is
developed in a Taylor series with the error vector AP = (Axo. Ayo, Avx, Avy)
and truncated after the second element: j_c~ MNJ4COE _ -K r - 3iaat - Seat
III Fk = arctan Rxiee~ ` Q.9xi - arctan R,.azc ` Afiz TV With aft  oAP1 AP
Ryi.:c - ARs,; as coefficient, one gets 24 Rxeet - ARy F'~ (AP) - Fi Yj2 -
AP, where, 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  



coefficient Ysi 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 k p error vector AP = (4xo, Ayo,
Avx, Avy). The coefficient i 1 is set out of term coefficients h y and its
mean "= together. The term coefficient hit is differentiated from the
equations (1), (2),  (3), (4). The coefficients are: ar,.. HAY a006 25 Yil =
hk - r (5) = hA ez-hZ (6) = lsty i hL (7) L ,1 Yi~ = At,h` -h (8) i2 Through
substitution of the coefficient 7i1 in equation V, one gets as bearing angle
difference the difference from the estimated difference value value iIA'.'
according to VI: Fx  i according to III and the measured difference 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: (r J t42 5fl IL R1 hk aPIJ }
-~~ b I( Beet + L Fvnuse - task 91i-OP12 I=rain XL 16 HAY a006 26 Fig. 5
shows error plots by an estimate of the object data after equation VIII,
where the carrier  vehicle must have been manoeuvred as there are no
frequency measurements and estimates used  for analysis of the object data.
Fig. 5a shows over time t the systematic error failure & . It amounts to
roughly 1.2 during the  journey over its "own distance". The first manoeuvre
of M I is characterised by the bearing error  of -1.2 increasing to +12
after the end of the manoeuvre and travel of the second "own  distance". By
the next manoeuvre M2 after 8 minutes, the bearing error jumps to -1.2 and
remains unchanged during the measurement along the next "own distance". The
manoeuvres M 1,  M2, ... M5 are each shown and numbered by vertical lines on
top of the error plots. The distance errors AR / % in Fig 5b, velocity error
AV m/s in Fig. 5c and the course error K in  Fig 5d are after 15 minutes and
three manoeuvres within a normal error width. Fig. 6 shows a block schematic
of a sonar receiving device for the determination of the target data  P with
an adaptive filter system to evaluate bearing angle Bimess and reception
frequency Fimass.  Reception signals of a modifier system 10 are detected in
a direction processor 11 through  runtime compensation or phase compensation
and bundled into group signals and the object is  



detected under the bearing angle Bimess with a measure arrangement 12. The
measure detection  12 is steered from a control circuit 13 in intervals of
At. The entire signal processing runs in  intervals of Att. The measurement
circuit 12 is junior to an estimation circuit 15, which uses as  entry data:
the north from a compass arrangement 16 No as reference direction, the own
position  xe, ye of the modifier system 10 from a navigations device 17 on
board, starting position Po = (xo,  yo) of the object from starting circuit
18, velocity component vix and viy in x-y direction as well  as an error
vector of AP - (Axo. Ayo, Avx, Avy, AFs) from an estimation system 20. From
these -~-6 Mme'' aOCA 27 entry data, the estimation circuit 15 is estimated
according to the estimation equation (A) and (B)  path component Riest,
Ryiest, and path error ARxi, ARyi. From these estimation values, a bearing
angle Blest 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 Riest, Ryiest and its error AR,
ARy and their dependent term coefficients hit after k equation (1), (2),
(3), (4) as well as its mean value formed. From this, the coefficient 711 is
calculated after equation (5), (6), (7), (8) and summarised as measurement
angle differences after  the estimation equation VII and VIII: Sitar_ h k tl
L ~ C it  12 n z  j hit - AP,I  1=1 



2 AP,J = min Over i=1 k measurement of each "own distance", whose number lk
is already given in a steering  circuit 60, the measured and estimated
bearing angle Bimess and Blest are evaluated. The time  period 1 k. 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 16 HA"/ 9,oa6 28 equation IXXX is determined from the
estimated path components Rxiest, Rviest and its changes  with time R.xiest
and Ryiest as well as the errors ARxi, ARyi and Am and Akyi: 5  AFi - I g,1
' AP, = Flinebb - Fiest 1=1 (IXXX) 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: yly
[hii  dP1f + E [g,,  AP111 = lain i=1 and 



1=1 2  AP, 1_i L r hik  h'l ~ hi  u u L L =1 1=1 (XL) (XXX) APJll"t J = min
The minimisation is run for so long, until the error vector APi reaches a
lower border APi which is lower than the limit APmin. In the estimation
circuit 15, path components Rtcst, Ryest as well as path errors ARx and ARy
for  each bearing angle Bimess are calculated for so long until the error
vector API reaches a lower  border APt < APmin. Except for a determined rest
error limit, the estimated bearing angle Best  equals the true bearing angle
Btme and the estimated path and velocity components Rxcst, Ryesy 2C, MAC f
9,oo6 29 vxest, West equal the true path and velocity components Rymic,
Rtrue, Vxm,e, Vytrue and the  estimated Doppler frequency Ficst equals the
true Doppler frequency Fvue. 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 Fzi (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 MI, 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 Fzl equals the sending  frequency Fs. At
the beginning of the measurement, the reception frequency Fzi = 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 MI and the reception frequency
Fzi 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 Fzi 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
MI, no measurement data is evaluated. The velocity .1.6 H47 CC6 30 v/m/s of
the object (which moves between 4.8 and 5.1 m/s) can be estimated with
certainty after  already 3 minutes as can be seen from Fig. 8d. For the
calculation of the object data in Fig. 8, a filter length of 30 minutes is
used. This means  that measured bearing angles Binicss 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 Fi is ascertained. In the
same manner, the use of a side antenna, a  so-called Flank array, undertakes
a Demon analysis of the directional characteristics of the signals  at the
start of the direction processor 11. The received sound is demodularised
through a band  pass filtering. The modularised frequency is analysed and
shows the same frequencies spectral lines like the Lofar-gram. The spectrum
with the ground frequency and its harmony is caused by the revs of the sea
vessel's moving propellers. The spectral analysis delivers for example two
spectral lines at the beginning of the scenario, the  measured frequency Fi
= 1045 Hz and F2 = 1005 Hz. Their progression with time is shown in  Fig. 9.
Both measured frequencies Fi and F2, which belongs to the unknown beamed
sending  frequencies Fsi = 1000 Hz and Fs2 = 1040 I-Iz, comes from the same
object and are percentage- wise affected with the same Doppler displacement.
They are compiled together into an artificial 26 HA1aoa6 31 spectral line
and then analysed with the object data analysis. The fictitious spectral
frequency of  the artificial spectral line is for e.g. fixed at Fkunst =
1030 Hz. For determining the reception  frequency Fimess, many frequencies
Fi, which are measured in time interval At, are captured,  compiled and
validated. These validated frequencies FEi is used for the transformation of
the  measured frequency Fii, where the fictitious spectral frequencies
Fkunst is divided by the valid  frequency Fgi and then multiplied with the
momentarily measured frequency Fli. One gets the  



frequency values on the artificial spectral lines transformed Fkt, as
measurement values of the  reception frequency Fimess, which moves in a very
tight border around the fictitious spectral  frequency Fkunst = 1030 Hz.
r'ki = Ruses The second measured Frequency F2 amounts to 1005 Hz and is
recalculated by the same fictitious  spectral frequency Fkunst = 1030 Hz,
where the fictitious spectral frequencies Fkunst = 1030 Hz is  divided by
the validly measured frequency Fg2 and then multiplied with the momentarily
measured frequency F2i: _ rkunc  Fk2imesa Fig. 9 shows besides the measured
frequency Fu and F2i, the frequency Fkt and Fk2 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. 16 hd A'/ aoo6 32 Results of the
object data analysis under consideration of the spectral frequency Fk as
reception  frequency Fimess is shown in the diagram in Fid. 11. Fig I 1 a
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. 11 b. The distance R between the carrier vehicle with the
modifier system and the object amounts to 7 km after 5 minutes. Fig. lie
shows the velocity  v/m/s of the object over the time t, which also assumes
stable values of between 3 m/s to 5m/s  after 3 minutes. Only the course is
not yet clearly determinable during this time as shown in Fig. 11 d. 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 Fitness. 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. I i 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. I
Id), nor  the distance estimation (Fig. I1 b), and nor the velocity
determination (Fig. I lc). 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 -16
qAy''cbb6 33 and that the velocity and course manoeuvres of the carrier
vehicle does not prolong this convergence time. i e HA'/ aoa6 34 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,
Ryicst) are used to calculate the estimated bearing angle (Bimess), and
whose changes with  time (Rxiesy Ryiest) in the bearing angle is determined
and that the minimum of the sum of  the bearing angle difference (Si, Si*)
and frequency difference (AFi) or its squared  difference can be iteratively
determined, ( Bi,~,es5 - Blast ) 11 \ 2 = min where the object data is found
by reaching the minimum of the estimated positions. 2. Method according to
claim I. characterised by the determination of the reception  frequency with
a Lofar-analysis. J-6 HA'f Aoo6 35 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 (Rxicst - ORx  Ryiest - ARy)
from a starting position (xo, yo) including a velocity dependent path term
'L6 HAY Ouo6 36 + Avx; At, (vy + Avg) - At) t 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. Q(AP) = 1 lRYest
- AA J(((R.ESr - ARJ + (Rve.L AAv)tRY, - ART  C lRxest - AR)2 + (Riest -
ARC, x 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
- Arr = (F.z 10 Method according to claim 9, characterised by that the error
vector (API 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 (Fiesi - 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 (gii)
multiplied with the error vector (AP) and the  frequency difference (AFi) to
determine the minimum : -1-6 HAY,-~006 37 AF, L 9ry - 4P1  1=r 11. Method
according to claims 1-10, characterised by that the trigonometrical function
from  the x-y components (Rxicst - ARxi ; Ryicst - 4Ryi) is calculated, that
the bearing angle  difference is calculated through a Taylor series
expansion of the trigonometric function,  that an error vector (APi) from
the path component error (Axo, Ayo) and the velocity  component error (Avx,
Avy) makes up the variables of the Talyor series expansion, that its  term
coefficients (hii) through partial differentiation of the trigonometrical
function after  the error vector (APi) is determined, its first element
equals the measured bearing angle  (Bimess) and its second element equals
the product of the term coefficient (hit) multiplied  



with the error vector APi, and the bearing angle difference forms, 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 - B1 ) + [ E';.n.Es 5 + AP1]2 min 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 l B"~s)
from I-6 PA 'f cOCr~ 38 the measured bearing angle (Biniess) is determined,
and to each measured bearing angle  (Bimess) an estimated bearing angle
(Blest) is calculated, that a estimated angle mean ( Bsst from the estimated
bearing angle (Blest) is calculated, that ) the bearing angle mean e '= t is
deducted from each measured bearing angle (Bimess) and the estimated angle
mean (2&st) is deducted from each estimated bearing angle (Blest) 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
(Bicst) 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: 



2t Ll  mea. 8 .,,~ (B.a,r gao) z + 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 (APt), its coefficient (yii) equals the term
coefficient (hit) and its mean values ( (h, y ), that its first element
equals the measurement differences and its second element equals the product
of the coefficient (yit) multiplied with the error vector (AN) --I (~, MA y
~doE 39 and forms the deviation (D), that the sum of the squared deviation
and squared frequency difference is minimised: z1 = min 




