
1  Direction-finding method for detection and tracking of successive
bearing angles The invention relates to a direction-finding method
for detection and tracking of  successive bearing angles of targets
which emit broadband sound, over the en- tire azimuth panorama or a
predeterminable azimuth sector, using a direction- finding
installation for receiving broadband sound waves according to the pre
5 characterizing clause of Claim 1, and to a direction-finding
installation according  to the precharacterizing clause of Claim 14.
In sonar technology, a passive direction-finding installation is used
to monitor the  entire azimuth or a sector, in order to detect noises
from sound-emitting targets  10 such as surface vessels, submarines,
underwater vehicles or torpedoes, and to track bearing angles to the
targets. The term "tracking" means the formation of a  trace. The
tracking of bearing angles therefore means the formation of one or
more bearing traces for one or more targets. Electroacoustic or
optoacoustic  transducers in a receiving antenna in the
direction-finding installation are used to 15 form directional
characteristics by means of which a bearing is taken via one of  its
main reception directions, which point in different adjacent
directions, when  the intensity, that is to say the amplitude or the
level, of the associated array sig- nal is above a predeterminable
threshold, and the received noise is significantly  greater than the
ambient noise. Received signals received over a broad band 20 width
by a predeterminable group or all the transducers in the receiving
antenna  are added with a propagation time delay or with phase
compensation, and co- phase to form an array signal, as a function of
their position with respect to a  reference line, the main reception
direction of the directional characteristic asso- ciated with this
array signal at right angles to the reference line indicating a bear
25 ing angle. For this purpose, the amplitudes or the levels, or in
general the intensi- ties, of the array signals are displayed via the
bearing angle. A bearing to a target  or a plurality of bearings to a
plurality of targets is or are detected by means of a  suitable
detection algorithm, on the basis of these intensities of the array
signals.  This indication is continuously updated from one clock
cycle to the next. When 30 the target changes its course with respect
to the direction-finding installation, the  bearing to the target
changes. In this case, if the target is approaching the direc- 



tion-finding installation, the intensity of the array signal
increases. If the target is -2- moving away from the
direction-finding installation, the intensity of the array sig- nal
decreases, until it is lost in the ambient noise. A bearing trace is
built up over time by displaying the array signals as a function  5
of the bearing angle in successive intensity plots - following the
angle profile of  the array signals - and, because the intensity of
this bearing trace is greater than  the intensities of the
surrounding array signals, this bearing trace is evident from  the
intensity plots. This bearing trace is then marked manually by a
tracker, that  is to say a mark or marking, in order to track the
associated target via its bear 10 ings over time. The tracking of the
target is ended manually, and the associated  tracker is deleted,
when the operator can no longer see any pronounced maxi- mum in the
angle-dependent display of the intensities of the array signals. The
invention is based on the object of specifying a direction-finding
method for  15 detection and tracking of successive bearing angles,
with targets being detected,  trackers set and trackers deleted,
automatically. According to the invention, this object is achieved by
the features of Claims 1 and  14. It is possible to automate the
detection of bearing angles and the marking of  20 a bearing trace by
the prediction according to the invention of a bearing angle and
possibly of an intensity, in particular an amplitude or level, of a
bearing trace  and its association with a measured bearing angle, and
possibly an associated  intensity. It is in fact sufficient to carry
out this prediction solely for the bearing  angle. However, the
prediction may additionally also be carried out for the inten 25
sity. The estimated bearing angle and/or the estimated intensity
are/is advanta- geously displayed. Bearing traces over time have a
profile which generally corresponds essentially  to an arctan
function. According to the invention, these bearing traces are ap- 30
proximated by linear subelements in that, for in each case one
subelement, the profile is predicted by an initial value,
specifically the most recently determined  bearing angle associated
with the bearing trace, and the gradient of the subele- ment, until
the next measurement of the bearing angle in a state vector, and a
next bearing angle and possibly a next intensity on the bearing trace
are/is pre 35 dicted from this with an estimation error which takes
account of a trace error  



which is associated with the most recently determined bearing angle
and possi- bly with the most recently determined intensity. Since the
measured bearing an -3- gles and possibly the measured intensities
are subject to measurement errors,  the approximation process
according to the invention is likewise based on a  noise process. 5
An association probability is then determined, with which a measured
bearing  angle and possibly a measured intensity can be associated
with one of the bear- ing traces. A measured bearing angle and
possibly a measured intensity together  with a predicted bearing
angle and possibly a predicted intensity for an estimated  bearing
angle and possibly an estimated intensity are then estimated as a
func 10 tion of a determined association probability by means of an
estimation filter, in  particular a Kalman filter. However, one
bearing trace can also be associated  with a plurality of bearing
angles measured during one clock cycle and possibly  with a plurality
of intensities measured during the same clock cycle. The respec- tive
values (estimated values) estimated using these associations for the
bearing 15 angle and bearing rate and possibly for the intensity and
the intensity rate are  then added in a weighted form. The value or
values determined in this way - that  is to say for the situation in
which a plurality of measured values relating to one  bearing trace
are associated with the weighted added values - is or are then as-
sociated with the trace state vector for the relevant bearing trace
or in the case of 20 an association with a plurality of bearing
traces, with the trace state vectors of the  relevant bearing traces.
The values obtained in this way for an estimated bearing  angle and
possibly an estimated intensity are used together with the estimated
bearing rate and possibly intensity rate as output variables of the
state vector  predicted in the next clock cycle for the relevant
bearing trace. Bearing traces  25 formed in this way are displayed as
a function of a trace quality. In the direction-finding method
according to the invention, the prediction may  relate to the bearing
angle or to the bearing angle and the intensity. The same  prediction
algorithm is used for all predictions, and is based on the
approximation 30 of a time profile of a bearing trace with linear
subelements as target motion  model dynamics. One advantage of the
invention is automated initialization, extraction, confirma- 



tion and deletion of bearing traces without any operator action. A
further advan- 35 tage of the direction-finding method according to
the invention is that a probably curved profile of a bearing trace
can also be approximated by linear subele- ments, because of the
density of the measured bearing angles over time. This is -4  true
even when the bearing angle to a target which is moving on a constant
course and at a constant velocity with respect to the
direction-finding installation  does not change by a constant bearing
rate for a constant movement interval of  the target. The structuring
of the model variances and the strength of the process 5 noise result
in an approximation which takes account of this behavior of the bear-
ing angle. In one advantageous development of the direction-finding
method according to  the invention, the quality is investigated with
which the measured bearing angle  10 and possibly the measured
intensity fits the estimated bearing trace and whether the most
recently estimated bearing angle can be displayed as an extension of
the previous bearing trace. Taking account of a preset density for
new bearing  traces in the azimuth panorama or in the azimuth sector,
and a preset density of  false alarms, a trace quality is determined
for each bearing trace, together with 15 the association probability.
This trace quality is added over a predeterminable  number of clock
cycles, and takes account of the entire history of the bearing
trace, or of a part of the history of the bearing trace. The
respectively currently  calculated trace quality is compared with two
bounds in order to use the bearing  angle to initiate or to confirm a
new provisional bearing trace, and to confirm or to 20 delete an
existing bearing trace. If there is no measured value, the most
recent  estimate is continued by prediction, and the trace quality is
decreased. Superflu- ous measurements, with which no bearing trace
can be associated, are as- sessed as the start of a new bearing
trace. The bounds are defined by predeter- minable probabilities for
the confirmation of a false bearing trace or the deletion 25 of a
true bearing trace. The most recently determined bearing traces and
their  assessments are managed in a bearing trace list, and are
displayed correspond- ing to the trace quality. These confirmed
bearing traces can be marked, for ex- ample by color, and can thus be
associated with a target. 30 In one advantageous development of the
direction-finding method according to  



the invention, the bearing angle and possibly the trace intensity are
determined  from the predicted bearing angle and possibly the
predicted intensity plus the  difference of the measured and
predicted bearing angle and possibly measured  and predicted
intensity, taking account of the estimation error and measurement 35
error. This results in the bearing angle fitting the estimated
bearing trace better  the less the measured bearing angle and
possibly the measured intensity differ -5- from the estimated bearing
angle and the estimated intensity, respectively, and  the less the
estimation error is. In order to predict the next predicted state
vector, according to one advanta- 5 geous development of the
direction-finding method according to the invention,  the bearing
rate determined from the previously estimated bearing trace, and
possibly intensity rate or gradient of the bearing trace with respect
to its angle  profile and possibly its intensity, for the most
recently determined bearing angle  and possibly the most recently
determined trace intensity are multiplied by the  10 time interval
and are added. According to a further advantageous development of the
invention, the estimation  error is determined as a function of the
most recently determined trace error, the  model variances and the
variance in the rate of change of the bearing rate and 15 possibly
intensity rate, and the covariance between the bearing angle and
possi- bly the intensity and its rates of change. The estimation
error becomes greater  the greater the model variances are
predetermined to be, and the greater the  extent to which the
estimated gradient differs from the previously determined  gradient.
By increasing the model variances, it is possible to associate the
esti 20 mated bearing trace even with widely scattered measured
bearing angles, and  the bearing trace is not immediately terminated
in the event of "spurious meas- ured values" when, for example, the
signal-to-noise ratio of the intensity fluctu- ates to a major
extent, and no significant array signal is any longer received, for
example because of changes in the transmission behavior in the
propagation 25 path of the sound waves between the target and the
direction-finding installation.  The advantage of one development of
the direction-finding method according to  the invention is that the
confidence of the bearing trace display can be varied by  the upper
bound on the trace quality. If the probability for confirmation of a
false 



30 bearing trace is intended to be decreased, the upper bound is
raised, and the  number of confirmed bearing traces is reduced. This
makes it possible to sup- press bearing traces which are produced by
reception of sound waves via  sidelobes of the directional
characteristic. Bearing traces from positions astern of  the
watercraft to which the direction-finding installation is attached,
caused by the  35 sound incidence of a propulsion propeller, are
likewise suppressed. -6- In order to determine the quality of an
estimated bearing trace with a predicted  bearing angle and possibly
predicted intensity, the squared, normalized statistical  separation
between each of the measured bearing angles and possibly intensity
values and each predicted bearing angle and intensity value is
determined, and 5 is a measure of the association probability of the
measured bearing angle or in- tensity value to the estimated bearing
trace. The square of the difference be- tween the measured and
predicted bearing angle and/or intensity value as well  as the sum of
the associated errors comprising measurement errors and estima- tion
errors are included in the determination of the squared, normalized
statistical 10 separation, with the probability becoming greater the
smaller the difference be- tween the bearing angle values or
intensity values is, and the greater the model  variances are
predetermined and the permissible discrepancies from the pre- dicted
gradient and therefore the discrepancies from the estimated bearing
trace  are tolerated. 15 In order to reduce the required calculation
capacity, according to a further advan- tageous development of the
direction-finding method according to the invention,  a gate value is
introduced, by means of which pairs whose probability of associa-
tion is below a predeterminable value are suppressed. 20 The quality
with which the measured bearing angles are inserted into the previ-
ously estimated bearing traces is of interest. For this purpose, a
trace quality is  determined from the association probability, with
the aid of a logarithmic likeli- hood quotient. The likelihood
quotient is known from radar technology for tracks 25 of target
positions, and is described, for example, in Chapter 6 of the book
"De- sign and Analysis of Modern Tracking Systems" by Samuel Blackman
and  



Robert Popoli, Artec House, Boston, London, 1999. However, no target
positions  can be tracked in passive sonar installations, since only
bearing angles are  measured and the distance between the
direction-finding installation and the tar 30 get is unknown. The
tracking direction-finding method according to the invention  is
based on tracking bearing angles which form a bearing trace when they
are  associated with one and the same target. Bearing angles and
possibly trace in- tensities are estimated using the predicted
bearing angles and possibly intensi- ties, and bearing rates and
possibly intensity rates, together with measured bear 35 ing angles
and possibly intensities, and bearing traces are determined
therefrom,  and are displayed. -7  In order to determine the quality
of the bearing traces, a detection probability PO  is predetermined
for a new real bearing angle in the angle separation between  the
main reception directions of adjacent directional characteristics,
for example  corresponding to an empirical density of newly detected
bearing angles in each 5 clock cycle in the entire azimuth panorama
or in the azimuth sector, is converted  to logarithmic form and one
quality increment for the bearing trace is added in  each clock
cycle. The quality increment contains the ratio, in logarithmic form,
of  the detection probability and a predetermined false alarm
probability which, for  example, is determined from an empirical
density of false alarms in the azimuth 10 panorama or azimuth sector
for a bearing angle in the angle separation between  the main
reception directions. Taking account of the sum of measurement errors
and estimation errors, this logarithm forms a first term of the
quality increment,  from which half the square of the normalized
statistical separation between the  measured and predicted bearing
angles is subtracted for each bearing trace in 15 each clock cycle.
All or a predeterminable number of most recently determined  quality
increments which belong to the same bearing trace form the trace
quality.  The advantages of the hardware embodiment of the invention
with a direction- finding installation correspond to those which have
been stated in conjunction 20 with the direction-finding method
according to the invention. Different direction- finding sensors can
be used in this case, which each comprise a receiving an- tenna and a
beamformer. The receiving antenna is designed for different recep-
tion frequency ranges and, for example, comprises a cylindrical base,
a flank  



antenna, a towed antenna, a so-called conformal array or conformal
transducer 25 arrangement, or a planar array or planar transducer
arrangement, as well as their  downstream signal processing
algorithms, as stated in DE 10 2007 019 445. The  array signals from
the beamformer are evaluated in the direction-finding installa- tion
according to the invention, and are used in order to track targets by
tracking  their bearing traces. 30 It is particularly advantageous
for the signal processing according to the inven- tion to use a
Kalman filter for the modeling of the linear approximation of the
bearing trace, the prediction of the bearing angle and possibly
intensity from  most recently determined bearing angles and possibly
trace intensities and their 35 estimation errors, and for determining
the instantaneous bearing angle and trace  error. The probability of
association of a measured bearing angle and predicted  bearing angle,
in pairs, is determined in a separation calculation stage, taking -8
account of measurement errors and estimation errors, using the global
nearest  neighbor method (GNN method). This global nearest neighbor
method is de- scribed in DE 10 2007 019 445 for testing the
association of bearing traces which  are produced by different
sensors in a direction-finding installation. The advan 5 tage is, in
particular, that the most probable association is found easily by
means  of the cost matrix specified there, using the JVC method
(Jonker, Volgenant,  Castanon). The squared, normalized statistical
separation between a measured  bearing angle and a predicted bearing
angle is produced at the output of the  separation calculation stage.
10 The probability of association of a measured bearing angle with an
estimated  bearing trace corresponding to its squared, normalized
statistical separation at  the output of the separation calculation
stage is used in a trace quality calculator  to determine a trace
quality in a downstream calculation stage, by determining 15 the
likelihood quotient of each bearing trace. This trace quality is
compared in a  bound comparison arrangement of the trace quality
calculator with an upper and  a lower bound. If the trace quality is
above an upper bound, which is determined  by predetermined
probabilities for the confirmation of a false bearing trace or the  



deletion of a true bearing trace, the bearing trace has a high
quality, and if it is 20 less than a lower bound, which is formed
from the same probabilities, the bearing  trace is deleted. If the
trace quality is between the bounds, then the provisional,  estimated
bearing trace is either confirmed by further measurements and the
trace quality increases above the upper bound, with the bearing trace
becoming  a confirmed bearing trace, or it is not confirmed and the
trace quality falls, until it 25 falls below the lower bound, and the
provisional bearing trace is deleted. It is  likewise possible to
display and to mark the entire length of a provisional bearing  trace
whose trace quality is above the upper bound T2 in the most recent
clock  cycle, such that these bearing angles, which have already
occurred, can be  added in accordance with a so-called target motion
analysis, for example in order 30 to passively determine the distance
to the target, as is stated, for example, in  DE 10 2007 019 445. For
this purpose, the bound comparison arrangement at  the output of the
trace quality calculator is connected to the register for the bear-
ing traces, in which the bearing angles of each bearing trace at the
output of the  Kalman filter are registered, together with the trace
quality. The output of the 35 bound comparison arrangement likewise
controls a port which is provided be- tween the register and a
display, in order to display confirmed bearing angles as 9  a
continuation of the associated bearing trace in an intensity plot, in
each clock  cycle. Further advantageous embodiments of the
direction-finding method according to  5 the invention and of the
direction-finding installation according to the invention  will
become evident from the dependent claims and from the exemplary
embodi- ments which will be explained in more detail with reference
to the drawing, in  which: 10 Figure 1 shows a bearing/time diagram
with one bearing trace,  Figure 2 shows a block diagram of a
direction-finding installation,  Figure 3 shows the profile of a
trace quality plotted against time,  15 Figure 4 shows a block
diagram in order to explain the data flow in a sec- ond exemplary
embodiment of the invention, using a multihy- pothesis tracking
method, and 



20 Figure 5 shows a diagram in order to explain the data flow in the
block an- notated MHT in Figure 4. Figure 1 shows a bearing/time
diagram in which the bearing 0, plotted along the  horizontal axis,
is shown against time, plotted along the vertical axis. This dia- 25
gram shows a subelement TS of a bearing trace No. 1, which is
estimated up to the time t = k -1 and is obtained by prediction of
the bearing angle for the time  t = k . For this purpose, starting
from a bearing angle O(k -1) for the time  t=k-1 on the bearing trace
No. 1, a bearing angle OPre(k/k-1) is predicted  for the time t = k,
based on historical measurement data up to the time t = k -1. 30 The
subelement TS has a linear profile over time. The bearing rate or
gradient of  the bearing trace 8'(k-1) for the time t=k-1 is
determined by regression  analysis from the sequence of the
associated measurements up to the time  t = k -1, using a standard
deviation 6(4(k -1) . The two bearing angles 0""s(k)  and O2e` (k)
measured at t = k are tested using the predicted bearing angle 35
OPre(ktk-1) for association in pairs with the bearing trace No. 1.
The first -10- measured bearing angle 0meas is at the distance
a=0,eQ'`(k)-01"e(k/k-1), the  second measured bearing angle 0"" is at
the distance h=Oze"'(k)-O'e(k/k-1)  from the predicted bearing angle
0pre(k/k-1). First of all, the probabilities of  possible association
of each of the measured bearing angles with the predicted 5 bearing
angle are determined by means of the distances a and b and measure-
ment and estimation errors with the aid of a squared, normalized
statistical sepa- ration. In the illustrated example, this distance
is less for the pair comprising the  measured bearing angle 0100'(k)
and the predicted bearing angle Opre(k/k-1)  than for the pair
comprising the measured bearing angle 02"s(k) and 10 0Pre(k/k-1). The
probability of the association of the measured bearing angle  Omeas
with the bearing trace No. 1 is therefore a maximum, as a result of
which  the measured bearing angle 0meas is associated with the
bearing trace No. 1. A  bearing angle A(k/k) for the time t = k is
then estimated by means of an esti- mation filter, on the basis of
this association, that is to say taking account of the 15 measured
bearing angle 0meas and the predicted bearing angle 0pre(klk-1).  By
way of example, this estimation filter is in the form of a Kalman
filter, which  also carries out the abovementioned prediction. On the
basis of this estimated  



bearing angle A(k), the next bearing angle 0pre(k+1/k) after a
further clock  cycle T is predicted for the time t = k + 1 for the
bearing trace No. 1. This proc- 20 ess is illustrated in a following
block diagram. Figure 2 shows a block diagram of a direction-finding
installation. The cylindrical  receiving antenna 1 forms directional
characteristics in main reception directions  I, II, III..., which
are separated by an angle ,\O from one another. Signals re 25 ceived
by electroacoustic transducers 2.1 to 2.n are each added cophase in a
beamformer 3 after a propagation time delay, governed by distances
between  each transducer 2.1 to 2.n and a reference line B, to form
array signals of the  directional characteristics, and, depending on
the directional characteristic, pro- duce an amplitude a"e"5 and a
bearing angle 0066' Instead of the amplitude, it is 30 also possible
to use a corresponding level or, in a general form, the intensity of
the signal. Measured amplitude and measured bearing angle form
elements of a  measurement vector. Intensity plots of the intensity
(amplitude or level) of array  signals from adjacent directional
characteristics are displayed on a display 4 in  each clock cycle T
as a function of their main reception direction as bearing an -11-
gles 0 for detection of bearing angles which indicate the direction
to sound- emitting targets, and for tracking the bearing angles of
the same target over time.  Successive intensities over the same
bearing angle identify the bearing trace of a  target (target trace)
which is approaching the direction-finding beam of the direc 5
tion-finding installation, or is moving away from the
direction-finding installation.  Successive intensities of a target
moving past, as a bearing trace, have an arctan  profile over the
bearing angle, in which case the bearing angle changes little over
time when the target is a long distance away, and the bearing rate 4
is therefore  low. As the target moves past, the bearing rate * has a
greater value, and as 10 the target moves away it once again assumes
a lower, virtually constant value.  Up to t = k -1, the bearing trace
No. 1 exhibits a virtually constant bearing angle,  and the bearing
rate A is very low. Subsequently, the bearing angle 0 changes,  and
the bearing rate 4 assumes a different value. The displayed bearing
trace  No. 2 does not start until t = k, because a target was
detected at this time. The 15 bearing trace No. 3 ends at t = k - 2,
since the bearing trace was deleted at this  time. 



The direction-finding method according to the invention and the
direction-finding  installation according to the invention are used
to predict the bearing angles of  20 these bearing traces on the
model assumption that subelements of the bearing traces are linear
and that their gradient is constant in places, that is to say the
bearing rate is constant. The prediction is made by estimating a
state vector with  an estimation error which is predetermined by
model variances 60, 2 proz, 04, proz  and 6a proz, -proz in a
covariance matrix Q in a Kalman filter 5. The stiffness  25 of the
filter is set by means of the preset or variable strength q with qo
for the bearing angle and qa for the amplitude of a noise process.
The covariance ma- trix Q therefore becomes: -12- f1(T)go f2(T)go 0 0
Q f2(T)ge f3(T)ge 0 0  0 0 f1(T)ga f2(T)ga  0 0 f2(T)ga f3(T)ga  2
60, Proz U4, Proz 0 0  2 2 _ 60(, Proz proz 0 0 0 0 aa2, 2 Proz Ta
?proz 2 2  0 0 6a*proz L.proz 3 = z .  where f1(T) T = f3(T)=T f2 (T)
T 5 A state vector xPre(k I k -1) to the instantaneous time relating
to the time t = k  is predicted in a prediction part 5.1 of the
Kalman filter 5 on the basis of a trace  state vector x(k -1/ k -1)
with its elements of estimated bearing angles  O(k -1/ k -1) and
estimated trace amplitude a(k -1/k -1) and their rates of  change at
the present time for the time t - k -1, as: epre(k/k-1)  10 XPre(k/k
-1)= 4Pre(k/k-1) =F-x(k-1/k-1)  



aPre(k /k -1) i?Pre(k/k-1)  with the predicted bearing angle
OP1e(k/k-1)=O(k-1/k- 1)  k-1/k-1)T and the predicted bearing angle
rate  ePre(k/k-1)=8'(k-1/k-1)  15 and the predicted amplitude
aPre(klk-1)=a(k-1/k-1)+ (k-1/k-1)T and its predicted time derivative,
which is referred to as the amplitude rate:  Ore(k/k-1)=*k-1/k-1),
which takes account of the modeling of the subelement, with a
covariance matrix  20 of the estimation error:
Ppfe(k/k-1)=FP(k-lIk-1)FT +Q where -13- 1 T 0 0 0 1 0 0  F 0 0 1 T  0
0 0 1 as a transition matrix for the dynamic process of modeling.
Installation-typical measurement errors cr,P15, cr," 5 are determined
for the  5 measurement vector Omeae (k)  Zmcoe(k)= ameav(k) at the
output of the beamformer 3, which contains all the bearing angles
n"'eO`(k)  and amplitudes a11ea'`(k) measured for the time t = k,
which measurement errors  are examined together with the predicted
bearing angle ePre(k/k-1) and the 10 predicted amplitude aPre(k/k-1)
and the respective estimation error  PPre(k/k-1) in a separation
calculation stage 6, for the probability of their as- sociation in
pairs with a predicted bearing trace. For this purpose, a squared,
normalized statistical separation dq dj
(k/k-1)=yr(k/k-1)S-1(klk-1)y(k/k-1) where  15
y(k/k-1)=z(k)-HkPre(k1k-1) 



is determined between all the pairs of bearing angles and amplitudes,
with the  sum of the squared bearing angle difference and of the
squared amplitude differ- ence y being related to the error sum
S(k/k-1) of the measurement error R  and the estimation error PPre(k
l k -1) predicted from t = k -1 to t = k, and the 20 probability of
association is a maximum when the squared, normalized statistical
separation dj is a minimum. The association algorithm used there is
known as  the GNN method, and is described using a cost matrix
calculation in  DE 10 2007 019 445. 25 The separation calculation
stage 6 is followed by a gate circuit 7, by means of  which pairs
with an excessively low association probability are deleted. For this
purpose, the normalized statistical separation dj is compared with a
gate value  G -14- G=2in PD.AO (1-P0)(2)T)M/2PFA ~S~ which takes
account of the sum S of the measurement errors and estimation er-
rors. In this case, M denotes the dimensionality of the measurement
vector  which, when the bearing is used exclusively, is 1, when the
bearing and the in 5 tensity are used is 2, and which is 3 when using
the bearing, the intensity and the  frequency. Furthermore, in order
to preset the gate value G, a detection prob- ability PD of detection
of a target with a directional characteristic is selected from  a
density AT to be expected of newly detected bearing angles in each
time  interval T in the azimuth panorama or azimuth sector of the
direction-finding 10 installation, and a false alarm probability PFA
is selected from a density /3FT to  be expected of false alarms
taking account of the angle separation AO between  the main reception
directions of two adjacent directional characteristics. This also
applies to the amplitudes. 15 The pairs comprising the measurement
vector z11PQ'`(k) , the predicted state vector  xPre(k/k-1) and their
errors are supplied by means of a subsequent measure- ment data
association stage 8 to a filter stage 5.2 in the Kalman filter 5. The
trace state vector k(kIk) for the time t = k is determined in the
filter stage  20 5.2 from the predicted state vector xpre(k/k-1) and
its estimation error  PPre(k/k-1) and the measured values z'"e03(k)
and a measurement covariance  



matrix R for the time t = k for each bearing trace
k(k/k)=xPre(k/k-1)+K(k)[z(k)-HxPre(k/k-1)]  with the measurement
matrix 1 0 0 0  25 H= 0 0 1 0  and the matrix K(k) = PPre(klk -
1)HT[H .PPre(k/k-1)HT +Rr  as well as the covariance matrix of the
trace error to be  P(klk)=[/-K(k)H].Ppre(k/k-1).[I-K(k)Hf
+K(k)R.K(k)T 30 with the unit matrix 1. -15- This trace state vector
z(k1 k) forms the basis for the prediction of the next state  vector
xpre(k1k+1) and the estimation error Pfe(k1k+1) for the time t= k+1.
A trace quality calculator 9 comprises a calculation stage 11 for
determining a 5 trace quality L from a likelihood quotient, in
logarithmic form, and a bound com- parison device 12 for testing the
trace quality L, to determine whether the associ- ated bearing trace
is confirmed and displayed by the bearing angle O(k) and the  trace
amplitude a(k), or should be checked further or deleted. The
calculation  stage 11 is connected on the input side to the output of
the filter stage 5.2 of the 10 Kalman filter 5, and receives the
filtered or estimated state vector k(k/k) and  the covariance matrix
P(k/k) as input variables, the measurement covariances  0.z",e
ozn'e"' and the square of the estimation errors cr2 k/ k -1 6Z k / k
-1  The current trace quality L(k) = L(k -1) + AL 15 is determined in
the calculation stage 11 from the trace quality of the previous
clock cycle and a quality increment AL for the association of the
measured bear- ing angle with the relevant bearing trace, in which
case this quality increment AL  is calculated to be. AL - In - AO
d2(klk-1)+M-In2,r  PFA IS1 2 20 which is determined for each clock
cycle T from the squared, normalized statis- tical separation d? at
the output of the separation calculation stage 6 and the  square root
of the sum of the measurement variance 6Z'"eQ5 and estimation vari- 



ances o- (k/k-1) and cr (k/k -1) . As explained above, M in this case
denotes  the dimensionality of the measurement vector. The trace
quality L is increased or  25 decreased by the associated quality
increment AL in each clock cycle T. A lower bound Tj  Tj -In 1-a  (
11 ) and an upper bound T2  30 T2 =lnl 1-!) ll a ))) -16- are defined
in the bound comparison arrangement 12 from a predetermined
probability a for the confirmation of a false bearing trace and a
predetermined  probability 6 for the deletion of a true bearing
trace, and the trace quality L is  compared with these bounds. 5 If
the upper bound T2 is exceeded, a provisional bearing trace is
confirmed and  displayed; if the lower bound Tt is undershot, a
provisional bearing trace is de- leted. Provisional bearing traces
whose qualities are between these bounds are  stored until they
exceed the upper bound or fall below the lower bound. Each 10
measurement which cannot be associated is classified as the start of
a bearing  trace. If the trace quality of a confirmed bearing trace
decreases because of the  lack of measurements, the bearing trace is
deleted when the trace quality has  fallen by a predetermined value.
15 The probability a is based on the knowledge of the false alarm
rate per second  and the desired mean number of confirmations of
false bearing traces per sec- ond, and becomes smaller, the fewer
false bearing traces are permitted. The  upper bound T2 is therefore
high when the probability a is low, that is to say  when only a small
number of false bearing traces are permitted. 20 The trace qualities
produced at the output of the trace quality calculator 9 as well  as
the values, estimated by means of the filter stage 5.2 of the Kalman
filter 5,  supplied to the trace quality calculator 9 and produced at
its output, for the bear- ing angle and the trace amplitude are
stored for each bearing trace in a register 



25 13 and are passed on via a port 14 to the display 4, where they
are displayed  with a marking when the trace quality is above the
upper bound T2. It is likewise  possible to display and to mark the
entire length of a provisional bearing trace  whose trace quality in
the last clock cycle exceeded the upper bound T2, such  that these
bearing angles which occurred in the past can also be used for pas 30
sive determination of the distance to the target, using target motion
analysis, as  is stated, for example, in DE 10 2007 019 445. Figure 3
shows a typical profile of a trace quality L plotted against time t .
The  lower bound T, and the upper bound T2 are shown. The bearing
trace is deleted  35 when the trace quality L falls below the bound
T1. Trace qualities which are be tween the bounds indicate
provisional bearing traces which are stored as such in -17- the
register. They are displayed only when the associated trace quality L
ex- ceeds the upper bound T2, and from then on form a confirmed
bearing trace.  The trace quality L of a provisional bearing trace as
shown in Figure 3 falls until 5 the time tj, and approaches the lower
threshold T1, but without reaching it, and  then rises again, but
first of all without exceeding the threshold T2. During this, it  is
managed as a provisional bearing trace. At the time t2, the trace
quality L  exceeds the upper bound T2, and the provisional bearing
trace becomes a con- firmed bearing trace. When the trace quality L
falls by a predetermined value, for 10 example starting from the time
t3, for example because the target can no longer  be detected within
a time period, the trace is deleted. In order to initialize the
direction-finding method according to the invention or the  apparatus
according to the invention, the first array signals are formed at the
time  15 t = 1, producing first measurement vectors z(1) with mt
measured bearing an gles and possibly amplitudes. A provisional
bearing trace is started for each  measured bearing angle or measured
amplitude, and a state vector z(1) is de- termined, where
O(I)=O"1e65(1) and &(I)=d" s(1)  20 The estimation error is
predetermined by:  P(1) = PO. The trace quality is L(1) = 0 . The
Kalman filter 5 is started using these input vari- 



ables. 25 rnk measurement vectors z(k) are measured for the time t =
k. State vectors  npre(klk-1) xpre(klk-1)= (4Pre(kIk-1)  apre(klk-1)
jpre(k/k-1)  are predicted and the association in pairs with the
present bearing traces is found in the separation calculation stage
6, and these are processed in the Kalman  30 filter 5, if the
probability is sufficiently high. The trace quality L of each bearing
trace is determined in the trace quality calculator 9, and the
provisional bearing  traces are noted in the register 13. New
measurements initiate provisional bear 18- ing traces. Provisional
bearing traces become confirmed bearing traces, or are  deleted, as a
function of the trace qualities determined over the course of the
clock cycles. If there is no new measurement for a predicted bearing
trace, then  the most recently determined state vectors and state
errors are predicted in the  5 next clock cycle. According to the
direction-finding method described above, broadband signal
processing is carried out, in which essentially all the sound energy
emitted over a  wide frequency range is considered in every
detection. Information which is con 10 tained in frequencies of the
incident sound energy is therefore not considered  any further. A
detection is therefore described by a measurement vector which is
restricted to a measured bearing angle and a measured intensity.
However, alternatively, signal processing is carried out in a narrow
bandwidth,  15 with a distinction being drawn between so-called DEMON
signal processing and  so-called LOFAR signal processing. In the case
of DEMON signal processing,  the total sound intensity recorded in
one clock cycle per direction is examined for  the presence of
amplitude modulation. Possible target detections are found from  the
respective modulation spectra for all directional characteristics
using an algo 20 rithm, with detection comprising the bearing
associated with the target, a modula- tion frequency and the
intensity of the frequency line. In so-called LOFAR signal
processing, the entire sound intensity recorded in one  



clock cycle per direction is examined for frequencies that occur. One
algorithm  25 finds possible target detections for each directional
characteristic, with a detec tion comprising the bearing to the
target, the frequency and the intensity of the  corresponding
frequency line. In addition, frequency information can be considered
in narrowband signal proc- 30 essing. For this purpose, a detection
is given by a measurement vector which  includes a frequency as well
as a bearing and an intensity. In consequence, the trace state vector
in the case of broadband signal process- ing comprises only a bearing
angle, as well as its time derivative, which is re- 35 ferred to as
the bearing rate, and an intensity as well as its time derivative,
which is referred to as the intensity rate. In contrast, the trace
state vector for narrow- band signal processing additionally
comprises a frequency as well as its time -19- derivative, which is
referred to as the frequency rate. In consequence, in the case  of
narrowband signal processing, the covariance matrix Q has variances
added  to it which are related to the frequency and the frequency
rate. 5 The direction-finding method which has been explained above
with reference to  Figures 1 to 3 assumes that a detection or
measurement is in each case associ- ated with only one individual
bearing trace. This method is therefore also referred  to as the
single-hypothesis tracking method, with the hypothesis referring to
the  assumption that a measurement is associated with one specific
bearing trace. 10 Alternatively, however, the invention also provides
for the use of a multi- hypothesis tracking method, in which one
measurement is normally associated  with a plurality of target
traces. 15 Figure 4 shows, in principle, the data flow for a method
such as this. Measure- ment data produced from a sonar installation
is read in block 41, producing a list  of detections for each clock
cycle, depending on whether the signal processing is  carried out
with a narrow or broad bandwidth. In the case of broadband signal
processing, this therefore results in a measurement vector: 20
z1~O'j' s(k)  (k)= anreos(k) and in the case of narrowband signal
processing, a measurement vector:  



gimeas (k) z,(k)= v.'.(k)  ameu, (k)  l The index j in this case
denotes a measurement obtained at the time t = k of a  total of m(k)
measurements, where j = 1,...,m(k). The detections obtained also  25
contain false alarms, however, in addition to the true target
detections. The measurement data is preferably read together with the
current value of the own  course by means of a data read module in
the block 41 from the sonar installa- tion, thus resulting in the
following lists of m(k) detections for the k-th clock cycle,  for
broadband signal processing: 1: 8"" (k), al,CO., (k)  30 2: Off
(kame">(k)  L M M m(k) B"~ckitk)/ a,,frJk) -20- and for narrowband
signal processing: 1: Bmeas(k1 v7? (A) a` (A)  2: 0,"-'(k), v",~' (A)
a2 ~a> (A)  M M M z(k} B nj1k~ ~,n(k)(k~ a,'jkj(A) This data, which
corresponds to the components of the respective abovemen- 5 tioned
measurement vector, is then passed on together with the own course to
a  multi-hypothesis tracking block 42. The purpose of this block is
to extract poten- tial target traces from the data by checking all
detections (in their time sequence)  to determine whether they can be
associated with a target with a specific prede- termined motion
characteristic. If detections such as these, which correspond in 10
time with a motion model, are found, a target state estimation
process is carried  out. Specifically, the motion state of a target
is described in the tracking system  by a state vector (to be
estimated) and an equation for modeling the rate of  change of the
state vector. The state vector xi(k) of the i-th target in the k-th
clock cycle in addition contains not only estimates of the variables
which are pre 15 sent in the respective abovementioned measurement
vector but also estimates of  



their rate of change, that is to say, for the estimated bearing 0,
the bearing rate  4 formed by the time derivative, for the frequency
v , the frequency rate i&  formed by the time derivative, for the
amplitude a, the amplitude rate 4 formed  by the time derivative. For
broadband signal processing, the state vector there- 20 fore becomes:
vi(k)  xi (k) _ (;(k)  ai(k)  kr(k)  and for narrowband signal
processing, it becomes: ni(k)  *1 (k)  xi (k) = vi (k) 4r(k)  ai(k)
,*(k)  25 The change in the state vector is modeled by a linear
Markov process using the equation: -21- x;(k)=Fxi(k-1)+q1(k-1) where
F represents the transfer matrix and q; (k -1) an implementation of a
Gaussian random process with a mean value 0 and a known covariance
matrix  Q1 (k -1) (for the case of a white noise process). The
transfer matrix F and the 5 process noise covariance Q1(k -1) result
from the choice of the maneuver  model. A model is preferably chosen
which describes uniform linear movement of  the targets on which the
observation variables are based A measurement of an object is
described by the measurement process, formally  10 by the equation zj
(k) = Hxj (k) + vj (k) . In the measurement equation, H is the
measurement matrix which characterizes  the projection from state
space to measurement space (and which is defined  from knowledge of
the state vector and the measurement vector) and vj(k) the 15
implementation of a white noise process with a mean value of 0 and a
covariance  



matrix Rj(k), where the measurement errors of the individual
variables are con- sidered to be uncorrelated. The measurement error
covariance is therefore in the  following form for broadband signal
processing: r2 0  Rj(k)= (To, ' 2  n 6 20 and for narrowband signal
processing:  170.1- 0 0  Rf(k)- 0 CT11". 0 0 0 cr2 ",n where cr,x E
}9"'e v"ame"s) can be predetermined as selectable parame- ters. For
the situation in which the antenna used to produce the detection
lists is  a linear antenna, it is possible to assume a bearing error
or mess , which is de 25 pendent on the current measurement zj(k),
that is to say a bearing measure- ment error, according to the
equation: cr",= B e ,, sin(O 1e"s(k)-6o (k))I' a1 "..(k) -22- In this
case, (I7' (k) denotes the bearing and a"'O'(k) denotes the amplitude
of  the measurement, 60(k) the own course of a watercraft which is
fitted with or is  towing the direction-finding antenna, and cr a
selectable constant. 5 The multi-hypothesis tracking block 42 uses a
predetermined process model and  a predetermined measurement model to
generate a number of target traces  which, referred to in the
following text as tracks or traces, can be split into con- firmed and
provisional tracks by means of a sequential likelihood quotient test.
The essence of the multi-hypothesis tracking method is a track list
of the provi 10 sional and confirmed tracks. A track i in the k-th
clock cycle comprises the state  vector xi(k), an indication of the
estimation error in the form of the covariance  matrix P;(k), an
overall probability ci(k), a status indicator SA;(k) in order to
indicate whether the relevant track is confirmed, it is indicated by
the value "1 ", or  is provisional, it is indicated by the value "0",
a counter ZA1(k), which is incre 



15 mented (or decremented) dependent on whether the track i passes
(or does not  pass) the sequential likelihood quotient test in the k
-th clock cycle and an indica- tor IN,(k) which indicates the track j
with which a confirmed track i has a  resolution conflict. 20 A
resolution conflict will be defined, for example,.for the case of
broadband signal  processing. If there are two targets on the same
bearing, it is no longer possible  to detect them separately. Target
trace crossings occur frequently, in which the  bearings of two
targets approach one another at an ever greater extent, then
therefore resulting in a resolution conflict. 25 If the indicator 1N;
(k) = 0, there is no resolution conflict. The covariance matrix
Pi(k) contains the variances of the estimation errors of the
individual compo- nents of the state vector on the main diagonal, and
the covariances of the esti- mation errors between different
components in the non-diagonal elements. The 30 state vector and the
covariance of each track i are approximated by a weighted  sum of a
plurality of individual state vectors which touch, by allowing a
plurality of  interpretation hypotheses in this method, for
association of measurement data  with an already existing target
trace. If, for example, track i in the clock cycle k  comprises nj
hyp(k) hypotheses with the weights cf j(k), j =1,..., n;,hyp(k),
where -23- ni,hyp(k) is a natural number, then the overall
probability for the track in the k-th  clock cycle becomes: ni,hyp(k)
ci(k)= ICi,j(k)  j=1 the state vector becomes:  ni,hYP(k)  5 xi
(k)=c(k) Ici,j(k)xi,j(k) and the covariance becomes: 1 n'hYP(k) T  P.
(k) = c. k c.1 (k)[Pi,j(k)+(xi,j(k)-xi(k)).(xi,j(k)-xi(k)) }.  j=1 By
way of example, the bearing is therefore given by. 



10
Bi(k)=[ci,1(k)'0i1(k)+Ci2(k)'di2(k)+A+ci,nihyp(k)(k).Bi,nihyp(k)(k)]/
Ci(k)  The initialization of this multi-hypothesis tracking method
will be explained first of  all. A total of m(1) tracks which each
have only one hypothesis are generated  from the measurement data zi
(1), i =1,...,m(1) in the detection list in the first 15 clock cycle
k =1 . For this purpose, each measurement is converted to a hy-
pothesis state vector xi,1(1)=HT'zi(k) i=1,K,m(1) with the weight
ci,1(1) =1, and the corresponding state of the tracks is formed.  HT
in this case denotes the transposed measurement matrix. An initial
covari- 20 ance matrix P,(1) = PO is provided for all the tracks and:
SAi(1)=0, ZAi(1)=0 and 1Ni(1)=0 for i=1,...,m(1). The procedure for
an undefined clock cycle from a clock cycle k >_ 1 to the clock
cycle k+1 is characterized by the following steps: 25 As the initial
situation, in the k-th clock cycle, there are nB(k) confirmed and
nT(k) provisional target traces i. These have the state vector xi(k)
, covariance  Pi(k) and the overall probability ci(k), comprising the
nihyp(k) hypotheses j -24- with a state vector x,j(k), covariance P;
,j(k) and hypothesis weight c,,j(k).  These are complemented by the
status indicator SA,(k) and the counter ZA,(k).  The target traces
are predicted as follows: a prediction for the k + 1 -th clock cy 5
cle is calculated for each hypothesis j of a track i, on the basis of
the dynamics  of the process model and/or the target motion model
dynamics. The predicted  state is given by xp~e(k+1)=Fx,j(k)  and the
associated covariance by 10 Ppre(k+1)=FP,1(k).FT +Q,(k)> where F is
the transfer matrix and Q,(k) is the process covariance matrix of the
chosen process model. New measurement data is associated as follows.
the m(k + 1) measurement data  15 z, (k+1) obtained for the k+1-th
clock cycle is compared with the predicted hy- potheses j of all the
tracks i. If the I -th measurement is sufficiently close to the
predicted measurement for the hypothesis j of the i-th track, that is
to say the  



relationship y j"(k+1)-SI-ji(k+1).y,jj(k+1)<  20 is true with
suitable k and the variables:  y,ji(k+1)=zi(k+1)-H.xIJe(k+1)
S,j,(k+1)=H.PP`e(k+1).HT +R;(k+1) where R is the measurement error
covariance matrix, then this measurement is  associated with the
hypothesis. 25 Target traces are then corrected as follows: a total
of n,j(k+1)+1 new hypothe- ses are formed using the n, j (k + 1)
associated measurements 0,,i ,j from each  hypothesis j of the target
trace i. In this case, the index a, j = 0 represents the  so-called
failure hypothesis. This means that there is no measurement as a con
30 tinuation of the initial hypothesis j for the target trace L In
addition, the indices  a, j >_ 0 (for a hypothesis of a subset from
the set of the indication from the 25  measurements {1,2,...,m(k+1)})
represent the link between the corresponding  associated
measurements. Overall, new hypotheses for which: n;,hyp (k)  nJ pre
,p(k+1)=n hyp(k)+ n; j(k+1)  1=1  are produced from all the
hypotheses j which exist in the clock cycle k for the i -th  5 target
trace npPYp(k+1). The state vectors, covariances and weights for
these new hypotheses h are cal- culated using the equations: xh (k +
1) ~xPjr(k+1)-Ki,i,a;;(k+1)-yj'j'a.,; (k+1) forays>0,  y1 ' (k+1) for
a = 0  10 for the state vectors, Pi',, (k+1) ~Pij`(k+1)-K;ia (k+1)S;
ia (k+1)-KT. (k+1) fora >0,  P7(k+1) fora j =0  for the covariances
and 0" (k+1) 



c1,i (k) Pjk + 1) (k+)).f .; (k+Ih,, u, ~ (k+1) ci(k) PF det2 7r
S1ja,a(k+ for a > 0,  c1''(k)(1-P;),j (k+1)) fora,,j =0  cj(k) for
the weights. The variable K; j a; j(k+1) in the above equations is
given by:  15 K;,ja;,j(k+1)=Ppre(k+1).HT S[L .(k+1). The term
det(...) denotes the determinant of a matrix, pF is a constant which
can be chosen as appropriate, and PDf(k+1) is a detection probability
which  can be calculated for each predicted hypothesis j of the track
i using the equa- tion: max p apre(k+1)  20 Ppi(k+1)= Po erfc the ~.1
2 'T iQ(k+1) -J2 -26- In the last-mentioned equation, erfc(...) means
the complementary Gaussian  error function, Pp a" and Drhr are
constants which can be chosen appropriately,  ap7(k + 1) is the
predicted amplitude of the hypothesis j of the track i, and  6are (k
+ 1) is the associated estimation error. 5 Improbable hypotheses are
deleted as follows: if the weight of a newly produced  hypothesis h',
as described above, falls below a critical value, that is to say
ch'(k+1)<c., then the hypothesis is deleted from the hypothesis list
for the target trace i. The  10 number nr'hYp(k+1) of new hypotheses
is reduced by the number of hypotheses  found which satisfy the
condition from the last-mentioned equation. Resolution conflicts are
dealt with as follows: in the case of broadband signal  processing,
all tracks i for which SA,(k) =1 and 1Ni(k) = j # 0 are searched for
15 from the track list. This means that these confirmed tracks have a
resolution con flict with the corresponding confirmed tracks j. The
resolution conflict consists in  that the leading hypotheses for the
tracks i and j have processed the same  measurement zg(k) in the data
association for the clock cycle k -1 to k. The  leading hypotheses
are the hypotheses ih and jh of the tracks i and j which 20 applies
for ci,ih (k) >> ci,a (k) for all a # ih and cj jh (k) >> cj,6(k) for
all ,6 ~ jh. If  



the resolution conflict still remains in this clock cycle, that is to
say the leading  hypotheses for the tracks i and j are once again
associated with one and the  same measurement zf(k+1) of the current
measurement data, a modified cor- rection of the relevant target
traces is carried out. 25 The resolution conflict for the track pair
i and j is ended when a separation,  which will be explained further
below, between a hypothesis comprising at least  one of the two
tracks and the leading hypothesis wh of a track CO which has al-
ready been confirmed in the last track is less than a critical value
dRe, . The track 30 co must not be older than the relevant resolution
conflict. If this is true for the  hypothesis is of the track i , the
track w is linked to the history of the track i, the  track (V is
removed from the track list, and the number of confirmed tracks is re
-27- duced by one. If this applies to a hypothesis ja of the track j,
the track w is  linked to the history of the track j, the track w is
removed from the hypothesis  list, and the number of confirmed tracks
is reduced by one. 5 If a hypothesis which is sufficiently close to
the leading hypothesis cop of the  track w is found both for the
track i and for the track j, the bearing rate  4,n(kR~s -1) and 6.i:
(kR~3 -1), respectively, of both hypotheses from before  the start of
the resolution conflict at the time kReS is compared with the bearing
rate 4w0p (k+1) of the most recently found hypothesis wp for the
track co. If the 10 mathematical sign of the previous bearing rate of
only one of the two hypotheses  matches the current sign of the
hypotheses wp , the track to is linked to the his- tory of the
relevant track, the track co is removed from the track list, and the
number of confirmed tracks is reduced by one. If the mathematical
signs of the  bearing rates of both tracks that are involved in the
resolution conflict, from be 15 fore the resolution conflict, match
that of the hypothesis wp of the track CO, the  amplitudes from
before the resolution conflict are compared with one another. If:
a., (k+i)-ai, lk s-/)I<Ia. (k+i)-a;,;,(k,ies-1)the track w is linked
to the history of the track i, the track w is removed from the
hypothesis list, and the number of confirmed tracks is reduced by
one. If: 20 Ia.m (k+1)-ai,i"(ka -1)j<Iaom"(k+1)-aj,rh(kRj-1) the
track w is linked to the history of the track j, the track w is
removed from  the hypothesis list, and the number of confirmed tracks
is reduced by one. 



For the improbable situation in which the two differences are equal,
the amplitude  25 of the hypotheses for the tracks i and j can be
taken from the time kHr, - 2. A  further possibility is to average
the amplitudes in a window [kRjs-nBV .g',k1 -1~ Res If the resolution
conflict for tracks i and j has not yet ended, the target traces  are
corrected as follows: as long as no conflict action has been
initiated, there  30 are nk + 1 interpretation options for a
(confirmed) target and nk measurements in the k-th clock cycle: (1)
the target has not been detected. In consequence, all  nk
measurements are false (1 hypothesis) or (2) the target has been
detected -28- and the measurement j originates from the target, while
the other nk -1 meas- urements are false (nk hypotheses). In the case
of conflict action, further mean- ing options exist for the
measurement data: (1) two objects are unresolved but  are detected as
a group; one of the nk measurements is treated as a measure 5 ment of
the group centroid, while all the other measurements are false (nk
hy- potheses). (2) Two objects are neither resolved nor detected; all
the measure- ments are false (1 hypothesis). (3) Two objects are
resolved and are detected  individually; nk-2 measurements are false
(nk(nk-1) hypotheses). (4) Two  objects are admittedly resolved, but
only one has been detected; nk -1 meas 10 urements are false (2nk
hypotheses). (5) Two hypotheses can admittedly be  resolved, but
neither has been detected; all measurements are false (1 hypothe-
sis). The probability of obtaining an unresolved measurement of two
targets is a func- 15 tion of the resolution capability of the sensor
used and of the separation, that is to  say at the regulation
separation between the targets. In this sense, the occur- rence of an
unresolved measurement can be interpreted as an additional separa-
tion measurement with the result "zero" and can be processed by the
tracking  algorithm. Since, in this situation, the measurement to be
processed can no 20 longer be related according to (4) to the state
vector of a single target, but de- pends on the state vectors of two
targets, it is necessary to introduce the centroid  of and the
separation between two targets as new state variables and to relate
these to the variables bearing 0 and amplitude a. This results in the
unresolved  state vector: 



0, (k) - Oj (k) 25 Y(k)= 0,(k)+2(0j(k)-0,(k))  z (ai (k)- a j (k The
predicted unresolved measurements and the associated covariances are
calculated by means of unscented transformation from the predicted
hypotheses  of the targets involved in the conflict. Since the
resolution conflict is dealt with in  the program process only after
the normal Kalman update of the individual target 30 state
hypotheses, the individual target hypotheses are reweighted and
modified  taking account of the additional interpretation options for
the measurement data.  The common state hypotheses for the targets
involved in the conflict are formed  from the individual target
hypotheses. By way of example, if it has been possible -29- to
associate n1 measurements with a first target in the current time
step and n2  measurements with a second target, n1 x n2 hypotheses
must be considered for  the combined target state. In order to reduce
the complexity of the algorithm, the  common target hypotheses are
converted back to individual target hypotheses 5 immediately after
the update, as a result of which the number of individual target
hypotheses under consideration remains constant. The individual
target state is  in this case calculated as the sum of the common
target hypotheses in question,  and approximates the probability
density: p(x1) = Jp(xbx2) dx2 10 via so-called second order moment
matching. It is therefore necessary to calcu- late the common
probability density p(x1(k+1),x2(k+1)IZk+1) on the basis of all  the
measurements Zk+1 = IZk+1Zk f up to the current time in order to
update the  individual target hypotheses. On the assumption that the
target states are inde- pendent of previous times, the density can be
calculated using: 15 p(x1(k+1),x2(k+1)1 Zk+1)= P(Zk+1 I x1(k+1),
x2(k+1)))p(x1(k+1) ZkP~x2(k+1~ Zk~. The common hypothesis weights are
calculated corresponding to the various  data interpretations (1) to
(5) and using the following scheme: p(x1(k+1 x2(k+1)1 Zk+1)=pip(x1
(k)I Zkjo(x2(k) I Zk), /=1,K,5  where pi depends on the data
interpretation (1) to (5). 20 



The common target state is in each case updated using the Kalman
update for- mulae for every possible combination of individual target
hypotheses. Pp de- notes the detection probability for the unresolved
target state, PD is the detection  probability for the i -th target
state, and P" is the probability of two targets not  25 being
resolved. (1) The common target state is calculated via an update
with the unresolved  measurement z1(k+1) and the fictional
measurement "Separation = 0".  The reweighting process is carried out
using: 30 p1 = P,,PJ /fop(z (k + 1) x, (k + 1), x, (k + I),
'Measurement unresolve(T) -30- (2) Only the fictional measurement is
used to update the common target state. The reweighting is carried
out using:  P2=Pu(1-P8) . 5 (3) The common target state is determined
by means of an update with the  two resolved measurements zi(k+1) and
zj(k+1): (1-P" ~E DPD/t. P(z1 (k+l),zj (k+l)xi (k+11x2
(k+1I'Measurement resolved' (4) Without any restriction to
generality, the first target is assumed to be de- tected via the
measurement z1(k+1), in which case the common target  10 state
results from the combination of the target state updated with the
measurement z1(k+1) for target 1, and the predicted target state for
target  2: P4 =(1-Pi(1-Pp) "/f0p(z; (k+1) x, (k+1),'Measurement
resolved' (5) The common target state comprises the two predicted
individual target  15 states: P5=(1-P" 1-Pp~1-Po~. The splitting of
target traces will be explained in the following text. A check is
carried out for each track to determine whether the hypotheses h1 and
h2 with  20 the highest weight have an excessive separation d1 h1 h2
, calculated using the  formula: d nt,h2 =(x;ht(k+1)-xih2(k+1)
~T(P,ht(k+1)+P;,h2(k+1)Yt(x;ht(k+1)-x;h2(k+1))  If the relationship:
25 d2 2  1 ht h2 > dsplit 



is satisfied with a suitably chosen dsplit , one of the two
hypotheses is split off as  a new track P with only one hypothesis in
the clock cycle k+1. This split-off  track has the history attached
to it up to track k from track i. Depending on the  status of the
initial track i, the number of confirmed or provisional tracks is in-
30 creased by one. -31- The fusion of target traces will be explained
in the following text: the tracks that  are present are compared with
one another in pairs. The separation d11 i2 be- tween two tracks i1
and i2 is given by: d2 i2
=(xi1(k+1)-xi2(k+1))T(Pi1(k+1)+P12(k+1))_1(xi1(k+1) -xi2(k+1)).  11 5
If the covariances are not excessive and SAi1(k+1) ~ SAi2(k+1), that
is to say  only one of the two tracks has already been confirmed,
and, furthermore: 2 2  di1i2 <dmerge with a suitably chosen dmerge,
then the more recent of the two tracks is deleted.  Depending on
whether this is a confirmed track or a provisional track, the corre-
10 sponding number n8(k) or nT(k) is reduced by one. The fusion of
hypotheses will be explained in the following text: the hypotheses
of a track i are compared with one another in pairs. If the
separation between  two hypotheses H1 and H2 satisfies the condition:
15 di 2 h1 h2 < d 2  merge,hyp  with suitably chosen dmerge,hyp ,
then the two hypotheses are combined using  the formulae:
xi,h12(k+1)= >ci,hr(k+i)Xi.hr(k+1)  r=1,2 Pi.1112(k+1)= lCihr(k+1)
r(=1,2  X[P,hr(k+1)+txi,hr(k+1)-xi,h12(k+i) Xihr(k+1) -X1h12(k+1))T
20 ci,h12(k+1)= Ici,hr(k+1) r=1,2  



to form one new hypothesis. The number of hypotheses for the track i
is re- duced by the number of hypothesis pairs found which satisfy
the condition  2 2 di,hl,h2 <dmerge,hyp. 25 The formation of new
provisional target traces will be explained in the following  text:
new provisional target traces z are formed from all the nneW(k + 1)
meas- urements zi(k+1) which are not associated with any predicted
hypothesis. As in  the initialization phase, each target trace newly
created in this way is formed from  a hypothesis with the
abovementioned hypothesis state vector -32- x11(1)=HT +z (k), a
covariance P1,1(k+1)=Pc, the weight c,,i(k+1)=1 and  the values
SA,(k+1)=0, ZA&(k+1)=0 and iN,(k+1)=0. The number of provi- sional
target traces is increased by this number of unassociated
measurements. 5 The calculation of the likelihood quotient LR will be
explained in the following  text. The probability quotient LR1(k+1)
for the clock cycle k+1 can be calcu- lated for each track i from the
weights c; h(k + 1) of all the hypotheses h asso- ciated with this
track, using the equation: LRi(k+1)=YCih(k+1)  h  10 and is thus
formally identical to the overall probability ci(k+1) of the i-th
target  trace. The testing of the tracks that are present will be
explained in the following text:  the sequential probability quotient
test is carried out for each track i. For this  15 purpose, the value
of LRi(k+1) is compared with two bounds A and B. If the track i is a
confirmed track, the counter of track i is increased by one if the
bound B is exceeded, that is to say ZA; (k i-1) =ZAi (k) + 1, and if
the bound A is  undershot, it is reduced by one, that is to say
ZA1(k+1) =ZA1(k)-1. If the value  of LR1(k+1) is between the two
values, the counter remains unchanged. If the 20 track i is a
provisional track, the counter is increased by one if the bound B is
exceeded, that is to say ZA; (k + 1) = ZAi (k) + 1, and if the bound
A is undershot,  the counter is reduced by one, that is to say
ZA1(k+1) =ZA;(k)-1, provided that  ZAi(k) ~0. However, if ZA,(k)=0,
then ZA1(k+1)=0. If LR;(k+1) is between  the two bounds, the counter
also remains unchanged for provisional tracks. Both 



25 for confirmed tracks and for provisional tracks i, the weights of
associated hy- potheses are normalized if the bound B is overshot,
that is to say each weight  ci h(k+1) is divided by the sum of all
the weights, using the expression:  Ci,h(k+1) Ci h lk + 1} ~~ihyP k+1
/ h=1 Ci.htk+1) 30 The setting of the track status will be explained
in the following text: the status  indicator SA;(k + 1) is set to 1
for each track i for which ZA; (k +1) > ZA,,;t, that  is to say it is
"confirmed". If SA1(k) = 0 in the previous clock cycle, the number
-33- nB(k) of confirmed tracks is increased by one. The status
indicator SA1(k+1) is  set to 0 for tracks for which ZA;(k+1)
<ZA,,i,, that is to say it is set to "provi- sional". If SA1(k)=1 in
the previous clock cycle, the number of confirmed tracks  is reduced
by one, and the number nT(k) is increased by one. The value ZA,,;, 5
is a critical number, which can be chosen appropriately, of
overshoots of the up- per bound B. The reassessment of previous
states will be explained in the following text: since  the knowledge
about the track state is enhanced with the aid of each new meas- 10
urement, the history of a track i can be recalculated and reassessed.
Specifi cally, in this case, all the hypotheses h for a track i with
SAi (k + 1) = 1 are calcu- lated back for a maximum of nretro time
steps into the past. If the track exists  only for nexist < nretro
time steps, only this number of steps are carried out. The  state
vectors and covariances recalculated for the hypotheses for the clock
cy- 15 cles I,! = k, I -1,..., k + 1- nretro are obtained from the
equations: xretro //l _ xr,hI()+ Wi,hl///).x i,h retro xpr  i,h t 1 -
t - Pirhtroll =Pi,hll +Wi,h(Pihtroll+l)-Pphe(i+1)).W h t (l)  t  and
Wi,h(I) =P,h(I)-FT Pphe 1(1+1) 20 where F is the transfer matrix of
the process model. The retrospective hypothe- 



sis weight of the h -th hypothesis in the clock cycle ! is obtained
from the sum of  the weights of all the retrospective hypotheses in
the I+1-th clock cycle, which  are formed from the hypothesis h in
the normal multi-hypothesis cycle in the  clock cycle I to 1 + 1:
ni,hyp (1 +1) 25 ci biro = Yci,~(l +1)  ~=1  After the end of the
clock cycle, an updated track list exists with ne(k+1) con- firmed
tracks and nT(k+1) provisional tracks i with a state vector xi(k+1),
co- variance P (k + 1) and overall weight ci (k + 1) , which are
respectively formed  from ni(k+1) hypotheses j with state vectors
xi1(k+1), covariances Pi1(k+1) 30 and hypothesis weights ci,h(k+1).
The updated status indicators SA1(k+1) and  counters ZA,(k+1) and
1Ni(k+1) also exist. -34- Track data in a read block 43 is read and
is processed further from the tracking  system described above. In
this case, depending on the signal processing, a  distinction is
drawn between whether the track data is passed on to a corre 5
sponding output system 44 in the same way as in the case of broadband
signal  processing, or whether the track data will also pass through
a further manage- ment block 45, as in the case of narrowband signal
processing, before being  passed on to the appropriate output system.
For any given k-th clock cycle  which is picked out, the following
lists of the n(k)=ne(k)+nT(k) tracks are 10 passed on as track data,
to be precise for the case of broadband signal process- ing: 1: 01
(k) 4(k) a1(k). 4(k) ag(k) a4(k) aai(k) adf(k) SA1(k)  2: 02(k) CO
a2(k)  (k) a02(k) as(k) '7a2(k) as(k) SA2(k)  M M M M M M M M M n(k):
88(k) An(k) an(k) 4(k) agn(k) a( (k) cran(k) ayh(k) SAn(k)  and for
the case of narrowband signal processing: 1: as BDT plus,
additionally v, (k), *(k), (T" jk), a (k)  z  15 2: as BDT plus,
additionally v, (k), (k), a,jk), 6 (k) M M M M M  



n(k): as BDT plus, additionally v0 (k), c (k), (T, (k), 6, (k) The
abovementioned management block 45 in the case of narrowband signal
processing is used to combine the confirmed individual line tracks
produced by  the tracking system in the case of narrowband
processing, that is to say tracks of  individual frequency lines,
referred to for short as SLT (single line tracks) to form 20
multi-line tracks, or MLT for short. In this case, the SLTs which are
combined  with one another are those for which the bearing and the
bearing rate match suf- ficiently well. The frequency lines which all
originate from one direction are there- fore combined. Furthermore, a
check is carried out in this block for each existing  MLT to
determine whether the bearing or the bearing rate of one specific SLT
25 differs excessively from the bearing or the bearing rate of the
MLT, which is itself  calculated from the averaging of the bearing
and the bearing rate of all the SLTs  combined in the MLT. If an SLT
such as this is found, it is removed from the  MLT, and is managed as
a new MLT which comprises only one frequency line.  All further SLTs
which cannot be associated with existing MLTs and cannot be -35-
combined with one another are managed in the same way as MLTs with
only one  frequency line. The output systems HMI-1 and HMI-2 are
shown as the remaining blocks 44 and  5 46. In the case of broadband
signal processing, those tracks whose status is  confirmed in the
relevant clock cycle k are selected first of all. From the target
traces identified using the MHT method, that hypothesis j whose
weight c; j(k) is  the greatest is selected for each track i. The
corresponding value of the bearing  of this hypothesis B;,j(k) is
then displayed in a so-called waterfall plot of the 10 bearing angle
plotted against time, by displaying the bearing of all detections
over the course of time, color-coded on the basis of the strength of
the respective  amplitude. In the case of narrowband signal
processing, the bearing t (k) determined from  15 all the SLTs
associated with the MLT is taken for each MLT i (combined con- firmed
SLTs) in the k -th clock cycle, in which case, from each j -th SLT,
the  bearing 611(k) of the hypothesis I with the strongest weight
c1,(k) is in each  case included in the averaging process, and is
displayed on a waterfall plot. In  addition, the frequency vj i(k) of
the strongest hypothesis I of all SLTs j of  



20 each individual MLT i is taken, and is displayed on a waterfall
plot. Figure 5 shows the data flow based on the multi-hypothesis
tracking method in  the block 42 annotated MHT in Figure 4. In block
50, data is read from the sonar  installation, to be precise
preferably bearing angles and amplitudes, as well as a 25 frequency
in the case of narrowband signal processing. The data read in is then
transferred to a data association block 51, which associates the data
read in with  predicted trace state vectors in block 52. The
associated data is then transferred from block 51 to block 53, which
esti- 30 mates the state vector on the basis of the measurement data
and the associated  predicted data for the predicted state vector.
The block 53 is therefore also re- ferred to as an estimation filter
block, and also carries out the correction process  on target traces.
35 A management block 54, which follows the estimation filter block
53, is used to  carry out the described deletion of improbable
hypotheses, the resolution conflict -36- handling, the splitting of
target traces, the fusion of target traces, the fusion of
hypotheses, and the formation of new provisional target traces. A
likelihood quotient calculation block 55, which follows the
management block  5 54, calculates the likelihood quotient LR, as
described above. The likelihood quotient calculation block 55 is
followed by a test block 56 which  carries out the testing of tracks,
as described above. The setting of the track  status, as described
above, is carried out in a track status block 57, which follows  10
this test block. Previous states are reassessed, as stated above, in
a reassessment block 58  which follows the track status block 57. An
updated track list is then stored in the  track list block 59, on the
basis of the reassessment of the history. This track list 15 is once
again used by the prediction block 52 in order to carry out new
predic- tions. All the features mentioned in the above description of
the figures, in the claims  and in the introductory part of the
description can be used both individually and in  20 any desired
combination with one another. The invention is therefore not re
stricted to the described and/or claimed feature combinations. In
fact, all feature  combinations can be considered as having been
disclosed. 



-37- Claims 1 Direction-finding method for detection and tracking of
successive bearing  angles (O) of sound-emitting targets over the
entire azimuth panorama or  5 a predeterminable azimuth sector using
a direction-finding antenna (1) hav ing a multiplicity of
electroacoustic or optoacoustic transducers (2.1, 2.2,  2.n) for
receiving sound waves and producing received signals, wherein, in
each clock cycle and separated by time intervals, received signals
from in  each case all or a group of the transducers are added
cophase to form ar 10 ray signals after a propagation time delay
and/or phase shift, as a function  of their geometric arrangement
with respect to a reference line (B), with  each of which array
signals a directional characteristic is associated with a  main
reception direction (I, II, III) which is associated with a bearing
angle  and is at right angles to the reference line (B), and
intensities are indicated 15 as an intensity plot, corresponding to
the amplitude or the level of the array  signals as a function of the
bearing angle (0) in each clock cycle (T),  wherein intensity plots
of successive clock cycles (T) in a waterfall plot  show bearing
traces of successive bearing angles, and preferred bearing  traces
are marked by a tracker, 20 characterized in that, starting from
trace state vectors (z(k-1/k-1)), which are deter- mined at the time
t = k --1, are each associated with one bearing trace and  each have
a bearing angle (0) as well as its time derivative, which is re-
ferred to as the bearing rate (4), and possibly an intensity (a) and
its time 25 derivative, which is referred to as the intensity rate
(4), and trace errors  associated with the trace state vectors (k(k -
1/ k - 1)) for the time t - k,  predicted trace state vectors
(xPfe(klk-1)), which each have a predicted  bearing angle (OP7e) and
its time derivative, which is referred to as the  predicted bearing
rate ((Pre), and possibly a predicted intensity (aPre) and 30 its
time derivative, which is referred to as the predicted intensity rate
(4-Pre), are predicted together with predicted estimation errors, in
that the prediction of each predicted trace state vector
(xPfe(klk-1))  and of its estimation error are used as the basis for
the approximation of a  



time profile of a bearing trace with linear subelements as target
motion  35 model dynamics, -38- in that each predicted bearing angle
(Opfe(k/k-1)) is calculated from the  sum of the bearing angle
(O(k-1)) determined most recently at the time  t = k -1 and a most
recently determined bearing rate ((k -1) ), multiplied  by the clock
cycle (T), for the same bearing trace, and possibly each pre 5 dicted
intensity (apre(k/k-1)) is calculated from the sum of the intensity
(a(k -1)) determined most recently at the time t = k -1 and a most
re- cently determined intensity rate (m(k -1) ), multiplied by the
clock cycle (T),  of the same bearing trace, in that an association
probability is in each case determined for association  10 of a
measured bearing angle (O'"~s(k)) and possibly a measured intensity
(a'""(k)) with one of the bearing traces, in that, as a function of a
determined association probability, a measured  bearing angle
(O"'(k)) and possibly a measured intensity (a""'`(k)) are
calculated, together with a predicted bearing angle (Opre(k/k-1)) and
15 possibly a predicted intensity (apre(k/k -1)), to form an
estimated bearing  angle ((;(k)) and possibly an estimated intensity
(a(k)) at the time t = k,  and the estimated value or values
determined in this way, together with the es- timated bearing rate
and possibly estimated intensity rate, form the trace  20 state
vector (k(k/k)) of the relevant bearing trace and, when a plurality
of measured bearing angles and possibly a plurality of measured
intensities  are associated to form a bearing trace, the respective
estimated values are  added in a weighted form, forming the trace
state vector (z(k/k)) of this  bearing trace, and this trace state
vector (2(k/k)) provides the output vari 25 ables of the trace state
vector, predicted in the next clock cycle (T ), for the  relevant
bearing trace for prediction from t = k to t = k + 1, and in that
bearing traces formed in this way are indicated as a function of a
trace quality. 30 2. Direction-finding method according to Claim 1,
characterized in that a trace  quality (L ), which is added over a
predeterminable number of clock cycles,  



is calculated from the association probability, presetting a
detection prob- ability (Pp) and false alarm probability (PFA) for a
bearing angle and pos -39- sibly an intensity with an angle interval
(DO) between two adjacent direc- tion characteristics, which trace
quality (L) is compared with bounds (T1)  and (T2) for initiation of
a new bearing trace or for deletion of a bearing ~ ll ), T2=In(1-hJJ)
are predeter- trace, wherein the bounds (T1=In 111 a 5 mined by
predetermined probabilities (a, J3) for the confirmation of a false
bearing trace or the deletion of a true bearing trace, and in that
the start of  confirmed bearing traces indicates the detection of a
target, and these  bearing traces are indicated for target tracking.
10 3. Direction-finding method according to Claim I or 2,
characterized in that  the association probability of a measured
bearing angle Omess(k) and pos- sibly a measured intensity amess(k)
are determined to form one of the  bearing traces as a function of
the bearing angle OPre(k/k-1) predicted  from k-1 to k, and possibly
the intensity a pre (k / k -1) predicted from  15 k -1 to k, by a
squared, normalized statistical interval d2-(OpYe(klk 1) O"1P45(k))~
and  c ieas+6 (klk-1) (a p'a (klk-1)-a "ea (k ))2 d'2- 6bneas+6a
(klk-1) wherein the squared bearing angle difference (e)
?(k/k-1)--O'"e0'`(k))2 or  squared intensity difference
(aPPe(k/k-1)_a11-(k))2 is related to the sum of  20 the squared
measurement error cr7 Dui' and 61''neas and the squared pre dicted
estimation error a (k/k-1) and a (k/k-1) of the bearing angle  and
intensity, respectively, and the association probability is a maximum
when the squared, normalized statistical interval 0 or da is a
minimum. 25 4. Direction-finding method according to one of the
preceding claims, charac- terized in that the trace quality L(k) of
each bearing trace is determined on  the basis of the trace quality
L(k - 1) of the previous clock cycle and a qual- ity increment AL to
be: L(k) = L(k - 1) + AL, -40- 



wherein the quality increment AL of a detection probability PD for a
real  bearing angle in the angle interval 40 of the main reception
direction of  two directional characteristics is determined from a
predeterminable density  AT of newly detected bearing angles O in
each time interval in the azi 5 muth panorama or azimuth sector, the
angle interval A(r), a false alarm  probability PFA from a
predeterminable density PFT of false alarms in the  azimuth panorama
or azimuth sector, and a square root of an error sum S  from the
squared measurement error (6... 'Os and 60'""') and the squared
trace error (o (k/k) and 6a(k/k)) and the squared, normalized
statistical  10 interval (d2(klk-1)) to be: AL=In Pp - AO
d2(k/k-1)+M-In27r  PFA ISI 2 where M denotes a measurement vector
dimensionality where M = 1,2,3,...  and the quality increment (AL) is
recalculated for each clock cycle and is  added over all or a
predeterminable number of clock cycles to form the  15 most recently
determined trace quality (L (k - 1)). 5. Direction-finding method
according to one of the preceding claims, charac- terized in that the
array signals are processed in a narrowband form, an in- tensity is
measured and a frequency is determined for each measured 20 bearing
angle, and each measurement vector therefore has a measured  bearing
angle, a measured intensity and a measured frequency, and each
estimated trace state vector in each case has an estimated bearing
angle,  an estimated bearing rate, an estimated intensity, an
estimated intensity  rate, an estimated frequency and an estimated
frequency rate. 25 6. Direction-finding method according to one of
Claims 3 to 5, characterized in  that the direction-finding antenna
comprises a linear antenna, wherein the  measurement error ben".o, of
the bearing angle is a function of the currently  measured bearing
angle O"e's(k) and the currently measured intensity 30 an `'(k), the
own course 60(k) of a watercraft which is fitted with or is tow- ing
the direction-finding antenna and a constant (To 0, as follows: -41-
(TB 



6B,ea= _ ~sin(O7" (k)-90(k))~' a'i"ea.,(k) where the index j denotes
a measurement obtained at the time t = k of a  total of m(k)
measurements, where j =1,...,m(k) . 5 7. Direction-finding method
according to one of the preceding claims, charac- terized in that,
when a plurality of measured bearing angles and possibly  measured
intensities are associated to form a bearing trace, a state vector
x; (k) , a covariance matrix Pi(k) for indication of an estimation
error and  an overall probability ci(k) are associated with a bearing
trace i at a time 10 t=k, wherein the state vector x1(k) is
approximated from a weighted sum of  a plurality of individual state
vectors which are determined from a plurality  ni,hyp(k) of
interpretation hypotheses for association of measured bearing  angles
and possibly measured intensities and possibly measured frequen- cies
with an already existing target trace, wherein ci j (k), j =1,..., ni
hyp(k)  15 indicates the weights of the hypotheses, to be precise as
follows: ni,hyp(k)  1 xi(k)=ci(k) ci,j(k)xi j(k)' where the overall
probability ci(k) is determined to be:  ni,hyp(k) ci(k)= Y,,ci,j(k)
j=1  and the covariance matrix P1(k) is determined to be.  ni,hyp(k)
20 P. (k)- (k) , ci,j(kjPi,j(k)+(xi,j(k)-xi(k))-(xi,j(k)-xi(k))T] 8.
Direction-finding method according to Claim 7, characterized in that
the  possible bearing traces are stored continuously in a bearing
trace list,  which bearing trace list has, for a bearing trace i at
the time t = k , a state 25 vector xi(k), a covariance matrix P1(k),
an overall probability ci(k) and a  status indicator SA1(k) in order
to indicate whether the bearing trace is  confirmed or is
provisional, and a counter ZA1(k), which is incremented or
decremented as a function of the existence or non-existence of a
sequen- tial likelihood quotient test at the time t = k, and an
indicator 1Ni(k) which -42- 



indicates the bearing trace for which there is a possible resolution
conflict  with a confirmed bearing trace. 9. Direction-finding method
according to Claim 7 or 8, characterized in that  5 each bearing
trace is investigated for the existence of a possible resolution
conflict, which occurs when the two bearing traces of associated
targets  appear at essentially the same bearing angle, wherein the
existence of a resolution conflict is identified when the leading
hypotheses, on the basis of the weight, of two bearing traces process
the  10 same measurement, a resolution conflict is identified as
having ended when a separation be- tween a hypothesis from at least
one of the two bearing traces and the  leading hypothesis of a
bearing trace confirmed in the last clock cycle is  less than a
predetermined value. 15 10. Direction-finding method according to
Claim 9, characterized in that, if the  confirmed bearing trace is no
older than the resolution conflict, the con- firmed bearing trace is
linked to the history of that bearing trace which is  associated with
that hypothesis whose separation from the leading hy 20 pothesis is
less than the predetermined value, wherein the confirmed bear- ing
trace is rejected, or is removed from a bearing trace list, and the
num- ber of confirmed bearing traces is reduced by one. 11.
Direction-finding method according to Claim 9 or 10, characterized in
that if,  25 for both of the bearing traces which are subject to a
resolution conflict, a  hypothesis exists whose separation from the
leading hypothesis is less  than a predetermined value, the bearing
rate of both hypotheses from be- fore the start of the resolution
conflict is compared with the bearing rate of  the currently found
hypothesis of the confirmed track, and 30 if there is a match between
the mathematical sign of the bearing rate from  before the start of
the resolution conflict of only one of the two hypotheses  with the
mathematical sign of the current hypothesis of the confirmed bear-
ing trace, the confirmed bearing trace is linked to the history of
the relevant  bearing trace, the confirmed bearing trace is rejected,
or is removed from 35 the bearing trace list, and the number of
confirmed bearing traces is re- 



duced by one, and -43- if there is a match between the mathematical
signs of the bearing rate from  before the start of the resolution
conflict of the two hypotheses with the  mathematical sign of the
current hypothesis of the confirmed bearing trace,  the intensities
of the bearing traces are compared, and 5 if the magnitude of the
difference between the current intensity of the con- firmed bearing
trace and the intensity of one of the two bearing traces in- volved
in the resolution conflict from before the start of the resolution
con- flict is less than the magnitude of the difference between the
current inten- sity of the confirmed bearing trace and the intensity
of the other of the two 10 bearing traces involved in the resolution
conflict from before the start of the  resolution conflict, the
confirmed bearing trace is linked to the history of the relevant
bearing  trace, the confirmed bearing trace is rejected, or is
removed from the bear- ing trace list, and the number of confirmed
bearing traces is reduced by  15 one. 12. Direction-finding method
according to one of the preceding claims in com- bination with Claim
5, characterized in that bearing traces of individual fre- quency
lines are produced, wherein confirmed bearing traces of individual 20
frequency lines are combined to form so-called multi-line bearing
traces of  a plurality of frequency lines for which the bearing and
bearing rate match  within a predetermined limit. 13.
Direction-finding method according to Claim 12, characterized in that
multi- 25 line bearing traces are checked to determine whether the
bearing or bear- ing rate of a specific bearing trace of an
individual frequency line differs by  more than a respective
predetermined limit value from the bearing or the  bearing rate of
the respective multi-line bearing trace which has been cal- culated
from the averaging of the bearing or bearing rate of all the bearing
30 traces of individual frequency lines combined in this multi-line
bearing trace  and, if such a bearing trace of an individual
frequency line is found, this is  removed from the relevant
multi-line bearing trace and is managed as a  new multi-line bearing
trace which, however, comprises only one frequency  



line, and all the further bearing traces of individual frequency
lines which 35 cannot be associated with existing multi-line bearing
traces and cannot be  combined with one another are managed in the
same way as multi-line  bearing traces with only one frequency line.
-44- 14. Direction-finding installation for detection and tracking of
successive bear ing angles (0) of sound-emitting targets over the
entire azimuth panorama  or a predeterminable azimuth sector, in
particular for carrying out a direc- 5 tion-finding method according
to one of Claims 1 to 13, having a direction finding antenna (1) with
a multiplicity of electroacoustic or optoacoustic  transducers (2.1,
2.2, 2.n) for receiving sound waves and producing re- ceived signals,
and having a beamformer, which is designed such that, in  each clock
cycle and separated by time intervals, it adds received signals 10 of
in each case all or a group of the transducers cophase to form array
sig- nals after a propagation time delay and/or phase shift as a
function of their  geometric arrangement with respect to a reference
line (B), with each of  which array signals a directional
characteristic is associated with a main re- ception direction (1,
II, III) which is associated with a bearing angle and is at 15 right
angles to the reference line (B), and having display means (4), which
are designed to display intensities corresponding to the amplitude or
the  level of the array signals as a function of the bearing angle
(0) in each  clock cycle (T) as an intensity plot, wherein intensity
plots of successive  clock cycles (T) in a waterfall plot show
bearing traces of successive bear 20 ing angles, and preferred
bearing traces can be marked by a tracker,  characterized in that the
direction-finding installation has a Kalman filter (5) in which
start- ing from trace state vectors (k(k -1/ k -1) ), which are
determined at the  time t = k -1, are each associated with one
bearing trace and each have a 25 bearing angle (0) as well as its
time derivative, which is referred to as the  bearing rate (*), and
possibly an intensity (a) and its time derivative,  which is referred
to as the intensity rate (4), and trace errors  (P(k-11k-1)), which
are associated with the trace state vectors  (k(k-1/k--1)), trace
state vectors (xPre(k/k-1)), which are predicted for 



30 each bearing trace for the time t = k and each have a predicted
bearing  angle ((r)Pre) and its time derivative, which is referred to
as the predicted  bearing rate (8P1e), and possibly a predicted
intensity (aPre) and its time  derivative which is referred to as the
predicted intensity rate (Rre), can be  predicted together with
predicted estimation errors in a prediction stage 35 (5.1), wherein
the prediction of each predicted trace state vector -45- (x
Pre(k/k-1))and its estimation error are used as the basis for the ap-
proximation of a time profile of a bearing trace with linear
subelements as  target motion model dynamics, wherein each predicted
bearing angle (OPre(k1k--1)) can be calculated  5 from the sum of the
bearing angle (0(k-1)) determined most recently at  the time t = k -1
and a most recently determined bearing rate (4(k -1) ),  multiplied
by the clock cycle (T ), for the same bearing trace, and possibly
each predicted intensity (aPre(k/k-1)) can be calculated from the sum
of  the intensity (a(k -1)) determined most recently at the time t =
k -1 and a 10 most recently determined intensity rate (4(k-1)),
multiplied by the clock  cycle (T ), of the same bearing trace, in
that the direction-finding installation has a measurement data
association  stage (8) which is designed such that it in each case
determines an asso- ciation probability of association of a measured
bearing angle (On'0"(k)) 15 and possibly a measured intensity (a"(k))
for one of the bearing traces,  wherein as a function of a determined
association probability, a measured  bearing angle (O""`(k)) and
possibly a measured intensity (a""'(k)) are  calculated, together
with a predicted bearing angle (OPre(k/k-1)) and  possibly a
predicted intensity (aPfe(k/k-1)), to form an estimated bearing 20
angle (O(k)) and possibly an estimated intensity (a(k)) at the time t
= k,  and the estimated value or values determined in this way,
together with the  estimated bearing rate and possibly estimated
intensity rate, form the trace  state vector (k(k/k)) of the relevant
bearing trace or, when a plurality of  measured bearing angles and
possibly a plurality of measured intensities 25 are associated to
form a bearing trace, the respective estimated values are  added in a
weighted form, forming the trace state vector (x(k/k)) of this  



bearing trace, and this trace state vector (k(k1k)) provides the
output vari- ables of the trace state vector, predicted in the next
clock cycle (T), for the  relevant bearing trace for prediction from
t = k to t = k + 1, and 30 in that the display means (13, 14, 4) are
designed such that bearing traces  formed in this way can be
displayed as a function of a trace quality. -46- 15.
Direction-finding installation according to Claim 14, characterized
in that, in order to predict the predicted state vector  xpre(klk-1)=
Opre(k/k-1) =F2(k-1/k-1)  4Pre(klk-1)  and OPre(k/k-1)  5 xpre
(k/k-1)= (Pre (klk-1) =Fk(k-1/k-1)  apre(klk-1)  4ere(k/k-1) for the
bearing trace, a predicted bearing angle (OPre(k/k-1)) and its es-
timated rate of change or bearing rate (( re(k/k-1)) and possibly a
pre- dicted intensity (aPre(k/k-1)) and its rate of change
(&Tre(k/k-1)) are  determined, corresponding to a linear subelement
of a bearing trace from a 10 trace vector (*(k -1l k -1)) determined
most recently at the time t = k -1  with the bearing angle (O(k -1 /k
-1)) and possibly the trace intensity  (6(k-11k-1)) and the most
recently determined bearing rate  (((k-1/k-1)) or intensity rate
(*k-1/k-1)) multiplied by the clock cycle  (T ), to give: 15
OPre(klk-1)=O(k-1lk-1)+(4k-1/k-1)T  ( re(k/k-1)=(%(k-1/k-1) and
possibly  apre(k/k-1)=a(k-1lk-1)+a(k-1/k-1)T  4pre(k/k-1)=a(k-1/k-1),
20 in that, in a separation calculation stage (6) which is arranged
downstream  from the prediction stage (5.1) of the Kalman filter (5),
association probabili- ties are determined of an association between
the measured values (z(k)),  measured at the time t = k, with
measurement errors ((T0"'"'" and a "') of  



a measurement covariance matrix and the predicted state vectors 25
(XPfe(klk-1)) with the predicted bearing angles (Opfe(k/k-1)) and
pos- sibly intensities (ePre(k/k-1)) with estimation errors
(PPre(klk-1)) by  determining a squared, normalized separation (d?)
between the difference -47- (y) between the measurement vector (z(k))
and the predicted state vector  with respect to the sum (S) of their
errors, in that the separation calculation stage (6) forms the
feedback path from  the Kalman filter (5) via a measurement data
association stage (8), to a fil- 5 ter stage (5.2) of the Kalman
filter (5), in that a trace vector (s(k)) for the time t = k for each
bearing trace  k(klk)=xPre(klk-1)+K(k)[z(k)-HxPre(k1k-1)] is
estimated in the fil- ter stage (5.2) from the predicted state vector
(xPfe(klk-1)) and its esti- mation error (PPre(k/k-1)) and the
measured values (z".ea'(k)) and their  10 measurement covariance
matrix (R) using the measurement matrix  1 0 0 0 H [0 0 1 0  and the
matrix K(k)=PPre(klk-1)HT [H.PPre(k/k-1)HT +R]-1 15 and the
covariance matrix of the trace error is determined to be: ,6(k 1k) _
[I - K(k)H]. PPre(k/k -1) . [! - K(k)HIT + K(k) . R . K(k)T  with the
unit matrix 1, in that the next predicted state vector (xPre(k+1/k))
and the next pre- dicted estimation error (PPre(k+11k)) are predicted
therefrom in the next  20 clock cycle for the time t = k + 1 in the
prediction stage (5.1) of the Kalman  filter (5). 16.
Direction-finding installation according to Claim 14 or 15,
characterized in  that, in order to determine the association
probability of an association of  25 the measured value (z(k))
measured at the time (k) with the measure ment error (R) and the
predicted state vector (xPre(klk-1)) and estima- tion error (PPre(k /
k - 1) ), the separation calculation stage (6) is followed  by a
trace quality calculator (9) having a calculation stage (11) provided
on  



the input side in order to calculate the likelihood quotient as the
trace qual 30 ity (L), the detection probability (Pp) and false alarm
probability (PFA) of a  bearing angle in the angle separation (AB) of
the main reception direction -48- of two adjacent directional
characteristics are predetermined at the further  inputs thereof, and
a downstream bound comparison device (12), at whose  inputs
probabilities a and /3 are predetermined for confirmation of a false
trace or deletion of a true trace, in that the trace quality (L) at
the output of 5 the calculation stage (11) is compared in the bound
comparison device (12)  with an upper and a lower bound (T2, T1) for
addition of the bearing angle  (O(k/k)) and possibly the trace
intensity (6(k1k)) to form a provisional  and/or confirmed bearing
trace, in order to initiate a new bearing trace or in  order to
delete the bearing trace, in that the bearing angles (O(klk)) and 10
possibly trace intensities (a(kIk)) at the output of the Kalman
filter (5), to- gether with the output signal from the bound
comparison arrangement (12)  for the associated trace qualities (L)
are passed to a register (13) for bear- ing traces, in that bearing
angle (O(k/k)) and possibly trace intensity  (a(klk)) is connected
via a port (14), which can be controlled by the 15 bound comparison
arrangement (12), to the display means (4) on which the  bearing
traces are displayed. 17. Direction-finding installation according to
one of Claims 14 to 16, character- ized in that a squared, normalized
statistical separation (d2(klk-1)) 20 d2(klk-1)
yT(klk-1).S_1(klk-1).y(klk-1) where  y(k1k-1)=z(k)-WPre(k/k-1)  is
determined in the separation calculation stage (6) for testing the
associa- tion probability of the association of a measured bearing
angle (0'e'(k))  and possibly a measured intensity (a'`(k)) to form a
bearing trace using 25 the global nearest neighbor method, wherein
the squared bearing angle dif- ference is related to the error sum
(S(k/k-1)) of the measurement error  (R) and the estimation error
(PPre(k /k -1)) predicted from t = k -1 to  t = k , and the
probability of the association is a maximum when the  squared,
normalized statistical separation (d2) is a minimum. 30 



18 Direction-finding installation according to Claim 17,
characterized in that a  gate circuit (7) is provided between the
separation calculation stage (6) and  the measurement data
association stage (8), for comparison of the squared -49- normalized
statistical separation (d2) between the measured value and the
predicted estimated value with a predeterminable gate value, in that
the  gate circuit (7) prevents the squared, normalized statistical
separation (d2)  being passed on at the output of the separation
calculation stage (6) if this 5 separation is greater than a
predetermined gate value, in that the gate  value G is determined
using: G-2- In Po40  (1-Pp)-(2)r)M12PFA (SI by presetting a detection
probability (P0) for a real bearing angle in the  angle separation
(A(r)) of the main reception direction of two adjacent di- 10
rectional characteristics and a false alarm probability (PFA) taking
ac count of the sum of the squared measurement error (v"") and
estima- tion error (Pore(ktk-1)), where M denotes a measurement
vector di- mensionality, where M = 1,2,3.... 


