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Method and apparatus for passive determination of
target data

The invention relates to a method for passive
determination of target data associated with a target
from measured and estimated bearing angles of the type
mentioned in the precharacterizing clause of Claim 1,
to an apparatus for carrying out the method according
to Claim 10, and to a computer program which has
suitable program code means for cafrying out the

method.

In order to determine the range, velocity and course of
a target, for example of a surface vessel, a submarine
or of a torpedo, as target data associated with the
target from a carrier vehicle, for example a surface
vessel or a submarine, without giving itself away, a
sonar receiving installation is used to receive sound
waves of the target noise, and to measure bearing’
angles to the target. These bearing angles are used to
estimate a position of the target as a function of the
carrier vehicle's own position, and to calculate an
associated estimated bearing angle. This is dependent
on the target moving uniformly, that 1is to say on a

constant course without acceleration.

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

solution, which is updated with every new bearing angle
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measurement during each processing cycle. In uniform
conditions, in particular without any target manoeuvre
or change in the sound propagation, the optimized
solution will evermore closely approach the actual
solution as the observation time increases, because the
solution which is in each case defined as the best
solution, that 1s to say the optimized solution,
converges with the actually correct solution at an
earlier or later stage depending on the optimization

method that is used and the current scenario.

One such method, which is also referred to as target
motion analysis (TMA), has the disadvantage, however,
that the calculated solution may be unrealistic because
of unknown disturbances in the received signals. If the
input data is received with major errors, the TMA
method sometimes estimates unrealistic or 1llogical
target data, such as a velocity of 80 knots or a
departing course, even though the target 1is on an

approaching course.

WO 2009/156337 Al discloses a method in which the
reliability of the optimized solution is indicated in
addition to this solution. For this purpose, a
multiplicity of different target tracks and a quality
measure for each of these assumed térget tracks are
calculated during each processing cycle. The
reliability of the optimized solution can Dbe deduced

from the distribution of the quality measure.

A further method is disclosed in DE 10 2007 019 444 B3,
in which Dbearing angle measurements from a second
transducer arrangement, which is arranged at a distance
from a first transducer arrangement, are used for
estimation of the target data when a parallax value,
which is determined between the bearing angle
measurements from the two transducer arrangements, 1is
greater than a predeterminable parallax limit value and

the range estimated for the target data estimate is
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less than a comparison range determined from the

parallax limit value.

EP 1 531 339 A2 describes a method in which limit
values are predetermined for the target data, thus
resulting in the iterative estimation process producing
only physically and technically sensible target data.
Completely unrealistic or illogical results, such as a
range of 1000 kilometres, which can invariably occur in
the iteration process when the received signals are

subject to heavy noise, are excluded from the start.

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

sonar receiving installation.

However, the- known CTMA method has the disadvantage
that its optimized solution cannot converge with the
actually correct solution if the limit values are
chosen incorrectly. Since the CTMA solution corresponds
to the global minimum of an optimization criterion
within the defined limit values, this does not produce
the actually correct solution when the actual solution
is outside the solution space defined by the 1limit
values. After a convergence phase, the simple TMA
method would therefore produce more accurate results
than the CTMA method if the limit wvalues had been

chosen incorrectly.

The invention is therefore pased on the problem of
identifying and correcting incorrectly chosen limit
values when using an optimization method for

determination of target data.
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The invention solves this problem by the features of a
method for passive determination of target data
according to Claim 1, and by an apparatus according to
Claim 10.

Receiving signals from at least one electroacoustic
and/or optoacoustic transducer arrangement, for example
a horseshoe base or a flank antenna onboard a submarine
as a carrier vehicle and/or a towed antenna, which is
towed by a surface vessel or a submarine, are conmbined
in a sonar receiving installation on a directionally
selective basis to form array signals, and the levels
of the array signals are observed. Any increase in the
level indicates that there is a target on a bearing ray

of a bearing angle associated with the array signal.

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

The CTMA method is preferably used as the optimization
method, and this takes account of previously defined
limit values for determination of the target data. This
is a non-recursive calculation method, in which bearing
angle differences are formed from the measured and the
estimated bearing angles. The sum of these bearing
angle differences, which are weighted in some way, Or
the squares of these differences, 1is or are then
iteratively minimized. When a predetermined error limit

is reached, that 1is to say a predetermined minimum
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value of the bearing angle difference, the optimized
solution is indicated as the best solution by means of
vector components X0, Y0, VX, VY. The current target
data for a target vrange, a target course and/or a
target velocity can be determined from the position
components X0, Y0 and the velocity components VX, VY.
However, the invention is not restricted to the CTMA
method. Other optimization methods are also feasible,
which calculate positions for the target from estimated
X-Y components, and take account of limit wvalues for

the target data during the optimization process.

In order to make it possible to exclude from the start
unrealistic or illogical target data, which can result
for example because of very noisy received signals, the
solution space of the CTMA method is sensibly
restricted for the estimated target data by defining
1imit values for the target data. In this case, each
target data item is in cach case assigned a maximum and
a minimum limit value. For example, limit values for a
minimum and a maximum possible target range, an
approaching or departing course, and wvalues for a
minimum and a maximum possible target velocity are
defined for a target range, a target course and a
target velocity. These values are dependent on the
technical specifications of the sonar installation and
of the target. For example, the limit wvalue for the
maximum range is the maximum range of the scnar
receiving installation, and the 1limit wvalue for the
maximum velocity is, for example, the maximum velocity

of high-speed boats or torpedoes.

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

predetermined limit wvalues, and are then used as the
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pasis for estimation of the position of the target. In
consequence, only physically and technically sensible
data relating to the range of the target, its velocity
and its course is introduced into the iterative

estimation process.

However, it is possible to have incorrectly chosen the
limit values in advance. For example, it is frequently
assumed for the course of a target that the target is
on an approaching course when it is first detected.
However, a target may, for example, be on a departing
course behind an island. When this target now emerges
from the island shadow, it is moving away when it is
first detected. This leads to the optimized solution
from the CTMA method never being able to converge with
the actually correct solution on the Dbasis of
previously defined limit values, because the solution
space 1is correspondingly restricted by the limit

values.

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

handling process.
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In one preferred embodiment of the invention, the
method has additional steps. A further optimization
method, referred to in the following text as a TMA
method, is used to determine an optimized TMA solution,
from which further temporary target data is determined
for a target range, a target course and/or a target
velocity. In this case, the estimated position of the
target, which is used as the basis for the minimum
determined by the TMA method, is determined as the
optimized TMA solution. A check is then carried out to
determine whether the temporary target data is within a
solution space which is covered by the limit wvalues.
For this purpose, the determined temporary target data
is compared with previously defined limit values. In
this case, the limit values may have been entered
manually by an operator, or may have been determined

from the geographic characteristics.

The invention has jidentified that, as soon as the TMA
method has determined a solution which is within the
solution space covered Dby the predetermined limit
values, this TMA solution corresponds to the CTMA
solution. However, the CTMA method requires more
computation power than the TMA method. It is therefore
particularly advantageous to first of all compare the
TMA solution with the limit values, or with a wvariable
which is derived from the limit values, in order to

determine whether it is necessary to carry out the CTMA

method.

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

solution is output and/or the target data which has
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been determined from the TMA solution and is assumed to

be correct target data.

However, if at least one temporary target data item is
outside the solution space covered by the limit values,
the CTMA method is carried out for estimation of the
position of the target, with the CTMA method taking
account of previously defined limit values in the
estimation process. Furthermore, the error handling
process according to the invention for identification
and correction of incorrect limit values 1is carried

out.

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

time has been reached.

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

reached, without any previous error handling process.
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The convergence time is preferably determined by means
of a convergence phase detector using a value for a
range of confidence (ROC) of the TMA method. This value
is calculated from the previous estimates from the
previous processing cycles of the TMA method. The ROC
value is preferably determined from the standard
deviation of the target range, taking account of the
estimated target position and the own position. This
ROC value is then compared with a predetermined
threshold value. If the ROC value reaches this
threshold value, the convergence phase detector defines
the convergence time, A high ROC value at the start of
a track indicates an unstable solution. After a number
of processing cycles of the TMA method, the solution
scarcely changes at all, and a low ROC value initiates

the post-convergence phase.

According to a further embodiment of the invention, it
is particularly advantageous to wvisually output the
CTMA solution to the operator, together with the
previously defined limit values, until the convergence
rime 1is reached. In order to allow use of the
additional information which the operator possibly has
about the target, the CTMA solution is preprocessed in
graphic form such that the operator can tell whether
the solution is a result of incorrectly chosen limit
values. For example, the output can be produced in
numerical form, in which the critical values are marked
in colour, for example, in a table. A graphic output,
in particular a plan position indicator (PPI) plot of
the target data, is likewise feasible, in which the
1imit values are also displayed. In this case, it 1is
particularly advantageous to be able to change
incorrect limit values manually by means of an input

device, within a processing cycle, as well.

In a further embodiment of the invention, a residue

test and/or an edge test are/is carried out for the
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plausibility test for identification of incorrect limit
values. The CTMA method produces a solution which is
within the predetermined limit values. This is that
solution which corresponds to the global minimum within
the solution space covered by the limit values. If the
CTMA solution does not match the actual target data,
pecause the limit values were chosen incorrectly, this
can advantageously be determined by means of the

residue test and/or the edge test.

According to a further advantageous embodiment of the
invention, a residue factor is determined for the
residue test. Using at least two optimization methods,
in particular the TMA method and the CTMA method, the
residue factor is determined from the respective
solutions of the optimization methods. This 1is
calculated from the sum of the - advantageously
weighted - squares of the differences for the estimated
pearing angles and for the associated measured bearing
angles, and this is then compared with at least one
predetermined threshold value. If the residue factor
reaches or exceeds the maximum threshold value, the
plausibility test identifies an incorrect limit value.
Furthermore, the plausibility test identifies an
incorrect limit value if further predetermined
threshold values, preferably lower than the first
threshold value, are reached or exceeded in a plurality
of successive processing cycles of the optimization

method.

According to a further advantageous embodiment of the
invention, the limit values and/or a variable which 1is
derived from the limit values, in particular state
limit values, are/is compared with the CTMA solution
for the edge test. The limit values for the target
range, the target course and the target velocity are
each defined as a minimum value and a maximum value,
and are converted within state limit values to a state

vector p=[X0, YO, vX, VY]. In this case, X0, YO denote
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the target position at the start of the track, and VX,
VY denote the velocity components of the target.

These state limit values can in turn be converted back
to real effective limit values for the target range,
target course and target velocity, in which case the
real effective limit values are normally weaker than

the defined or entered limit values.

Both the limit values and the state limit values
derived from them are compared with the solution of at
least one optimization method during the edge test, in
order to determine whether the target data of the
solution is within this solution space covered by the
1imit values, or on its "edge". The test of limit
values and state limit values derived from them
advantageously improves the reliability of this edge
test method. V

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

the edge test.

In a further embodiment of the invention, in order to
correct incorrect limit values by means of the
correction module, when either at least one incorrect
limit value or at least one already changed, incorrect
limit value is identified, one, a plurality or all of
the limit values is or are changed and/or at least one
associated limit wvalue interval, which has the limit
value, is changed, and the CTMA method and the error
handling process are carried out once again in the
current processing cycle, taking account of the changed
limit values. This is repeated in each case when at
least one incorrect, changed limit value is identified
again more than once in the current processing cycle. A
numerical variable is preferably used for this purpose,

which determines the number of successive runs of the
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CTMA method and of the error handling process. If the
numerical variable reaches a predetermined threshold
value, the CTMA method and the error handling process
are carried out in the current processing cycle with
predetermined minimum 1imit values. Alternatively, the
method for determination of target data is started with
the next bearing angle measurement in a new processing

cycle.

The previously determined residue factor is preferably
used to decide whether the method for determination of
target data is started in a new processing cycle or the
error handling process 1is carried out in the current
processing cycle with minimum limit values. If the
residue factor exceeds a previously defined threshold
value, this 1is an indication of highly incorrectly
chosen limit values, and the error handling process is
carried out once again taking account of the minimum
limit values in the current processing cycle. If the
residue factor is low, the method for determination of
target data is, however, started in a new processing

cycle, with the next pearing angle measurement.

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

predetermined time period.

The optimization method uses the originally defined
l1imit values for calculation of the original target
leg, and new limit wvalues are defined for calculation
of the new target leg. This advantageously results in
course and/or velocity changes of the target being

taken into account in the calculation of the
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optimization method. In particular, an estimated final
position of the original target leg is also used in

order to derive therefrom limit values for a range for

~ the start of the new target leg.

An alternative embodiment of the invention relates to a
computer program, in particular to a computer program
product, which has program code means for carrying out
the method according to the invention when the program
is run on a computer or a corresponding computation
unit. The program code means can be stored on data
storage media which can be read by a computer, in which
case suitable data storage media may be, for example,
floppy disks, hard disks, flash memory, EPROMs, CDs,
DVDs etc. It is also possible to download a program via
computer networks, in particular the Internet,

Intranet, etc.

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

reference to the attached drawing, in which:

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

the invention,

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

invention,

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

exemplary embodiment of the invention,

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

exemplary embodiment of the invention,
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Figure 5 shows a schematic functional overview of the
correction module according to one exemplary

embodiment of the invention, and

Figure 6 shows a schematic illustration of an
extension to the exemplary embodiment shown
in Figure 2, with a convergence phase

detector.

When a water craft is preferably moving at a constant
velocity along its own leg, bearing angles to a target
are measured from this water craft while the target is
assumed to be moving with a constant velocity and on a
constant course from a first target position to a

second target position.

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

detail with reference to Figure 1.

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

invention. A sonar receiving installation 2 1is used to
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measure bearing angles 4 to the target by directionally
selective reception of sound waves which are emitted or
sent from the target. Temporary target data is
calculated in a calculation unit by means of an
optimization method 6, referred to in the following
text as the CTMA method. Bearing angle differences are
formed from estimated bearing angles, which are
determined from estimated positions of the target, and
measured bearing angles, which are minimized
iteratively. This least square error method is,
however, only one possible method for determination of

the target data; further methods are likewise feasible.

Since further information about the target is normally
known, for example that the target 1is approaching or
departing and/or the target velocity is between a lower
and an upper limit value, for example between 5 and 20
knots, it is advantageous to provide this information

to the CTMA method 6 for determination of the target
data.

For this purpose, the method according to the invention
has an input device 8 for limit values 10 by means of
which, for example, limit values for a minimum and a
maximum target range (inpRnin, inpRmax) , @ target course
between 0° and 360° (inpKmin, 1inpKnax) and a minimum and
a maximum target velocity (inpVmins 10PVmax) Can be
entered manually by an operator, or can be determined
from the geographic characteristics. This sensibly
restricts the solution space for the target data R, K,

V to be determined.

The following explanations relate to an application of
the CTMA method, as mentioned initially, as an applied
optimization method 6. However, they can also be
transferred to other optimization methods which take
account of predetermined, defined limit values 10 for
estimation of the target data R, K, V to be determined.
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Since the limit wvalues 10 can also Dbe entered
incorrectly on the input device 8, the CTMA solution 12
from the CTMA method 6 as determined in each processing
cycle 1s passed to an error handling device 14 for
identification and correction of incorrectly chosen
limit values 10. This error handling device 14, which
will be explained in more detail in the following text
with reference to Figure 3, decides whether or not

there is at least one incorrect limit value 10.

When at least one incorrect limit value 10 is present,
one, a plurality or all of the limit values 10 is or
are varied according to predetermined rules within the
error handling device 14, and it or they is or are
transferred as new limit values 20 to the CTMA method
6. This once again determines a CTMA solution 12 in the

current processing cycle.

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

downstream signal processing device.

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

the above statements.

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

calculation units for carrying out two separate
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optimization methods. A first calculation unit
preferably contains a simple TMA method 26 for
estimation of first temporary target data Rom, Krmas
Voun, and a second calculation unit contains the CTMA
method 6 for estimation of further temporary target

data R, K, V.

If the temporary target data Rmm, Kovar Voua which
results from the TMA solution 28 were to be within a
solution space which 1is restricted by the predefined
limit values 10, then the TMA solution 28 would
correspond to the CTMA solution 12.

In the exemplary embodiment of the invention shown in
Figure 2, the determined TMA solution 28 from the TMA
method 26 is first of all transferred to a monitor
device 30. The temporary target data Rema, Kmar Vs
determined from the TMA solution 28 1is compared in the
monitor device 30 with the previously defined limit
values 10. If the temporary target data Roma, Kemar Voua
is within the solution space covered by the limit
values 10, the TMA solution 28 and/or the temporary
target data Rma, Ko, Vmea determined from this TMA
solution 28 are/is transferred, for data output and/or
data processing, to an output unit 34 as the target
data R, K, V which is assumed to pe correct. By way of
example, the output unit 34 may be a plotter, a screen
or the like for visual display of the target data R, K,
v. It is also feasible for the target data R, K, vV to
be made available by means of the output device 34 for

further signal processing.

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

explained above with reference to Figure 1.
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In the above exemplary embodiment as shown in Figure 1,
in the situation in which the error handling process 14
has identified at least one incorrect limit wvalue 10,
the changed limit values 20 are, however, transferred
to the CTMA method 6. In the exemplary embodiment shown
in Figure 2, the changed 1limit wvalues 20 are
transferred to the TMA method 26 for the situation in
which the error handling process 14 has identified at
Jeast one incorrect limit value 10. This has the
advantage that, when the 1limit wvalues 20 have been
changed to be correct, the TMA solution 28 and/or the
target data R, K, V which has been determined therefrom
and is assumed to be correct can be output, and the
CTMA method 6 together with the error handling process
14 do not need to be carried out again in the current

processing cycle.

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

4.

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

12 and is assumed to be correct is output.

For the situation in which at least one incorrect limit
value 10 is identified by means of the plausibility
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test module 38, a corresponding error signal 41 1is
transferred to a correction module 40, in response to
which the correction module 40 changes one, a plurality
or all of the limit  values 10 according to
predetermined rules. The method of operation of the
correction module 40 will be explained in more detail

in the following text with reference to Figure 5.

The limit values 20 which have been changed by means of
the correction module 40 are output, and are therefore

available for the rest of the method procedure.

Figure 4 shows a functional overview of the
plausibility test module 38, which has a residue test
module 42 and an edge test module 44 for identification

of incorrect limit values 10.

The residue test module 42 continuously receives the
CTMA solutions 12 from the CTMA method 6, as well as
the TMA solutions 28 from the TMA method 26, from which
a residue factor Q is determined for each processing
cycle by means of a residue factor calculation unit 46.
The residue factor Q is determined as the quotient of

the sum of the absolute residues:

Q = Z iC’ TMA — resz’due&i/ Z !TAM —residues

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

threshold value, which is lower than the second
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threshold value, in three successive processing cycles.
However, the invention is not limited to a comparison
with three predetermined threshold values. In fact, any
desired combinations of threshold value comparisons and
successive processing cycles by means of the comparison

unit 48 should be considered to have been disclosed.

Furthermore, the plausibility test module 38 has an
edge test module 44 for determination of incorrectly
chosen limit values 10. A first edge test 52 checks
whether at least one temporary target data item R, K
and/or V, which has been determined from the CTMA
solution 12, such as the target range, target course
and/or target velocity, is on the edge or outside the
solution space covered by the limit values 10. This is
pecause this is often the case if the limit values 10
are chosen incorrectly. By way of example, 1f the true
target velocity is 10 knots, the estimated target
velocity is indicated to be 8 knots when the velocity
limit value is defined to be 2 to 8 knots. In this
case, at least one estimated target data item is on the
edge of at least one 1imit value 10, and the first edge

test 52 indicates a positive error signal 50.

Iin order to achieve greater reliability for the
determination of incorrectly chosen limit wvalues 10,
the temporary target data R, K, V which has been
determined from the CTMA- solution 12 from the CIMA
method 6 is likewise compared with a variable derived
from the limit values 10, in particular the state limit
values. A second edge test 54 is therefore preferably
carried out on the basis of the state vector p=[X0, YO,
VX, VY]. The limit values 10 are first of all converted
to state limit values, and then to weaker real
effective limit values, in order to compare these with
the temporary target data R, KX, V which has been
determined from the CTMA solution 12. If at least one
temporary target data item R, K and/or V is outside or

on the edge of the solution space covered by the real
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effective limit values, the second edge test 54 outputs

a positive error signal 50.

Furthermore, in one special embodiment, not only is the
temporary target data R, K, V from the current
processing cycle compared in the first edge test 52
and/or in the second edge test 54 but the history of
the temporary target data R, K, V is also taken into
account in the error identification. In order to reduce
the probability of the edge test module 44 making an
incorrect decision, a positive error signal 50 1is
therefore output only if the temporary target data R,
K, V, which has Dbeen determined from the CTMA solution
12, is on the edge of the solution space covered by the
limit values 10, or of a variable derived from these
limit wvalues 10, in a plurality of successive

processing cycles of the CTMA method 6.

The positive error signals 50 from the comparison unit
48, from the first edge test 52 and from the second
edge test 54 are collated in a decision block 58. In
the situation in which the plausibility test module 38
has not identified any incorrect limit value 10, that
is to say no positive error signal 50 has been output
in each case by the comparison unit 48, the first edge
test 52 or the second edge test 54, the temporary
target data R, K, V is output via the branch 60 as the
target data R, K, V, which is assumed to be correct,
from the CTMA method 6, in order to indicate this to an

operator by means of an output unit 24.

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

correction module 40, for correction of the limit

values 10.
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Figure 5 shows a functional overview of the correction
module 40 for correction of incorrect limit values 10.
A numerical variable z 1is initialized in the current
processing cycle n for an initial error identification
41 by the plausibility module 38. The numerical
variable 2z is preferably preset to the value 0. A
decision block 64 within the correction module 40
checks whether the numerical variable z has reached a

predetermined value, for example the value 3.

If the decision block 64 makes a positive decision,
that is to say the numerical variable has reached the
value 3, a further decision block 68 is operated via a
branch 66 and checks whether the residue factor Q
determined by the plausibility test module 38 is less

than or greater than a predetermined threshold value.

Tf the decision block 64 makes a negativé decision,
that is to say the numerical variable z is less than 3,
a modification unit 72 is activated via a branch 70 in

order to change the limit values 10.

The only limit values 10 which are changed are those
whose associated target data item R, K and/or V has
peen detected by the plausibility module 38 as lying on
the edge or outside the solution space covered by the
limit value 10. If, for example, the target range R is
the only estimated target data item which lies on the
edge of a previously defined limit value interval
[inpRauins inpRmax] for the target range, then only the
limit values inpRmin and inpRmax for the target range are
therefore also changed by means of the modification

unit 72.

The limit values 10 are changed in small steps within
the predetermined minimum limit wvalues, in which case
the minimum limit values may pe, for example, a target
range of inpRpin=0.1 to inpRpax=100 kilometres, a target
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velocity of inpVnin=0.1 to inpVmx=15 metres per second
and a target course of inpKgin=0 to inpKnax=360 degrees.
For example, if the estimated target range from the
CTMA solution 12 lies on the edge, then the limit value
interval for the target range [inpRuins, iNPRmax] is
shifted such that the estimated target range then lies
approximately in the centre of the shifted limit wvalue

interval.

The changed limit values are then once again supplied
as new changed limit values 20 to the CTMA method 6 in
the current processing cycle n. In addition, the
numerical variable z is incremented by one. The limit
values 10 therefore cannot be changed indefinitely
often in each processing cycle. For example, if the
numerical variable z reaches the value 3, then a change
is made to the decision block 68, and the residue

factor Q is checked.

If the residue factor Q is greater than a predetermined
threshold value, this 1s possibly an indication of very
incorrectly chosen limit values 10. A branch 74 is
therefore used to select minimum limit values 75, which
are output instead of the changed limit values -as new
1imit values 20 in the current processing cycle n. In
contrast to the limit values 10 defined initially, the

minimum limit values 75 are particularly weak limit

values.

However, if the zresidue factor Q determined Dby the
plausibility test module 38 is less than  the
predetermined threshold value, then a change is made
via the branch 76 from the decision block 68 to the
next processing cycle ntl, and the method according to
the invention for determination of target data is

started using the next bearing angle measurement.

Figure 6 shows a schematic illustration of an extension

to the exemplary embodiment shown in Figure 2, with a
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convergence phase detector 78. At the start of a track,
the optimization method may produce different
solutions, although with equal probability, because of
incorrect input data. For example, if the target 1is at
a small orientation angle at the start of the track,
the TMA method 26 will in some circumstances initially
estimate an incorrect velocity. Despite correctly
chosen limit values 10, the CTMA method 6 will also in
some circumstances estimate a velocity which is on the

edge of the solution space covered by the limit values
10.

However, when the TMA method 26 reaches its convergence
time, sufficient input data will have been gathered to
obtain a stable TMA solution 28. After reaching the
convergence time, unambiguous results will be obtained
by then carrying out an edge test 52, 54. It is
therefore advantageous to carry out the error handling
process 14 only after reaching the convergence time.
The exemplary embodiment described above with reference
to Figure 2 has a convergence phase detector 78 added

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

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

The convergence time of the TMA method 26 is determined
by means of a range of confidence (ROC) of the TMA
method 26. Until the convergence time is reached, a
pre-convergence phase signal 80 is output, and a
corresponding post-convergence phase signal 82 is
output once the convergence time has been reached. The
range of confidence (ROC) is determined on the basis of
previous estimated values from previous processing
cycles of the TMA method 26, for example from the
standard deviation of the target range. This describes

the stability of the TMA solution 28.
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At the start of a track, a high ROC value indicates
that the TMA solution 28 is still unstable, and that
the optimization method 26 is in the pre-convergence

phase.

Since the sonar installation operator often has
additional information about the target, he can
frequently use this additional information to assess
whether the limit values 10 which have been identified
as being incorrect are also actually incorrect, when
the CTMA solution 12 is on the edge of the solution
space covered by the l1imit values 10. Therefore, the
CTMA solution 12 and/or the temporary target data R, K,
V which has been determined from the CTMA solution 12
are/is output together with the limit values 10 to the
operator for the duration of the pre-convergence phase
signal 80. The output 24 is advantageously in a
suitably preprocessed graphic form, thus allowing the
operator to identify incorrect limit values 10 even in
the pre-convergence phase. 1In this situation, the
operator changes the limit values 10 manually, and

carries out the method again.

After reaching the convergence time, the convergence
phase detector 78 changes to the post-convergence
phase, and outputs a corresponding post-convergence
phase signal 82, which starts the error handling
process 14 according to the exemplary embodiment shown

in Figure 2.

A1l of the features mentioned in the above description
and in the claims can be used both individually and in
any desired combination with one another, according to
the invention. The invention is therefore not
restricted to the described and/or claimed feature
combinations. In fact, all combinations of individual

features may be considered to have been disclosed.
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CLAIMS

1. Method for passive determination of target data (R, K, V) associated with a target, in
particular of a target range (R), a target course (K) and/or a target velocity (V), from bearing
angles (4), which are measured by means of an arrangement of water-borne sound sensors of
a sonar receiving installation (2) by directionally selective reception of sound waves emitted
or sent from the target, and from estimated bearing angles, which are determined from
estimated positions of the target, with bearing angle differences from the measured bearing
angles (4) and the estimated bearing angles being iteratively minimized over a plurality of
processing cycles by means of at least one optimization method (6), referred to in the
following text as a CTMA method, and with an estimated position of the target, on which the
minimum is based, being determined as an optimized CTMA solution (12), from the
temporary target data (R, K, V), and with the CTMA method (6) taking account of
predetermined limit values (10) for the target data (R, K, V) to be determined, during the

optimization process, characterized in that

an error handling process (14) is carried out for identification and correction of incorrect limit

values (10), which process has the following steps:

a) limit values (10) are checked for possible errors by means of a plausibility test module (38)

carrying out a plausibility test for identification of incorrect limit values (10) and

b) i) if at least one incorrect limit value (10) is identified, one, a plurality of or all of the limit
values (10) are changed using predetermined rules by means of a correction module (40), and
the CTMA method (6) and the error handling process (14) are carried out again, taking
account of the changed limit values (20) for determination of new temporary target data (R, K,

V) and

ii) if no incorrect limit value (10) is identified, the optimized CTMA solution (12) from the
CTMA method (6) is output, and/or the target data (R, K, V) which has been determined from

the CTMA solution (12) and is assumed to be correct is output.

2. Method according to claim 1, characterized in that the method additionally has the

following steps:

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

TMA method, for determination of further temporary target data (Rtma, KtMa, YTM ) from an
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optimized TMA solution (28) of the TMA method (26), with the estimated position of the
target, on which the minimum determined by the TMA method (26) is based, being
determined as the optimized TMA solution (28),

b) this temporary target data (Rrma, Krma, Vima) is compared with the limit values (10) in
order to check whether the temporary target data (Rtma, Ktma, Vma) is within a solution

space which is covered by the limit values (10), and

¢) 1) if no temporary target data item (Rtma, Ktma, VIMa) 18 identified outside the solution
space, the TMA solution (28) is output, and/or the target data (R, K, V) which has been

determined from the TMA solution (28) and is assumed to be correct is output, and

ii) if at least one temporary target data item (Rtma, Ktma, V1ma) 1S identified outside the
solution space, the CTMA method (6) is started and the error handling process (14) for

identification and correction of incorrect limit values (10) is carried out.
3. Method according to claim 2, characterized in that

a convergence time of the TMA method (26) is determined, with the CTMA solution (12)
from the CTMA method (6) being output for the situation in which the CTMA method (6) is
carried out until the convergence time is reached, and/or the target data (R, K, V) which was
determined from the CTMA solution (12) and is assumed to be correct is output without

previously carrying out the error handling process (14), and

after reaching the convergence time of the TMA method (26), the error handling process (14)

for identification and correction of incorrect limit values (10) is carried out.
4. Method according to claim 3, characterized in that

the CTMA solution (12) from the CTMA method (6) and/or the target data (R, K, V) which
has been determined from the CTMA solution (12) and is assumed to be correct are/is output
visually until the convergence time is reached, and the limit values (10) are changed by

means of an input device (8).
5. Method according to any one of the claims 1 to 4, characterized in that

a residue test (42) and/or an edge test (44) arefis carried out for the plausibility test (38) for

identification of incorrect limit values (10).
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6. Method according to claim 5, characterized in that

a residue factor (Q) is determined for the residue test (42), with the residue factor (Q) being
determined from the respective solutions of the optimization methods using at least two
optimization methods, in particular a TMA method (26) and a CTMA method (6), and with
the residue factor (Q) being compared with at least one predetermined threshold value for

identification of incorrect limit values (10).
7. Method according to claim 5, characterized in that

for the edge test for identification of incorrect limit values (10), the limit values (10) and/or a
variable which is derived from the limit values (10), in particular state restrictions, are/is
compared with the CTMA solution (12) from the CTMA method (6), and/or the temporary
target data (R, K, V) which has been determined from the CTMA solution (12) and 1is

assumed to be correct.
8. Method according to any one of the claims 1 to 4, characterized in that

the correction of the incorrect limit values (10) by means of the correction module (40) has

the following steps:

a) when either at least one incorrect limit value (10) or an incorrect, changed limit value (20)
is identified, one, a plurality or all of the limit values (10; 20) and/or an associated limit value
interval which has the limit value (10; 20) are/is changed, and the CTMA method (6) and the
error handling process (14) are carried out once again in the current processing cycle, taking

account of the changed limit values,

b) when at least one incorrect, changed limit value (20) is identified again, and step a) is

repeated in the current processing cycle,

¢) when at least one incorrect, changed limit value (20) is identified again, and after step a)
has been carried out a plurality of times, the CTMA method (6) and the error handling
process (14) are carried out again in the current processing cycle, taking account of

predetermined minimum limit values, or

the CTMA method (6) and the error handling process (14) are carried out again in the next
processing cycle, with bearing angles (4) being measured again, and taking account of

predetermined limit values (10).
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9. Method according to any one of the claims 1 to 4, characterized in that

a target maneuver while carrying out the CTMA method (6) is taken into account by the
CTMA method (6) calculating two target legs, with the original limit values (10) being taken
into account for the original target leg, and with new limit values being defined for the new

target leg.

10. Apparatus for passive determination of target data (R, K, V) associated with a target, in
particular of a target range (R), a target course (K) and/or a target velocity (V), from bearing
angles (4), which are measured by means of an arrangement of water-borne sound sensors of
a sonar receiving installation (2) by directionally selective reception of sound waves emitted
or sent from the target, and from estimated bearing angles, which are determined from
estimated positions of the target, with bearing angle differences from the measured bearing
angles (4) and the estimated bearing angles being iteratively minimized over a plurality of
processing cycles by means of at least one optimization method (6), referred to in the
following text as a CTMA method, and with an estimated position of the target, on which the
minimum is based, can be determined as an optimized CTMA solution (12), from the
temporary target data (R, K, V), and with the CTMA method (6) can be taken into account of
predetermined limit values (10) for the target data (R, K, V) to be determined, during the
optimization process, in particular for carrying out a method according to claim 1,

characterized by having:

an error handling device (14) which is designed to identify and to correct incorrect limit
values (10), with the error handling device (14) having a plausibility test module (38) and a

correction module (40),
the plausibility test module (38), which is designed to identify incorrect limit values (10),
the correction module (40), which is designed to correct incorrect limit values (10), and

an output unit (24) for outputting the optimized CTMA solution (12) from the CTMA method
(6) and/or for outputting the target data (R, K, V) which can be determined from the CTMA
solution (12) and is assumed to be correct, for the situation in which no incorrect limit values

(10) can be identified by means of the plausibility test module (38).

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

identify incorrect limit values.
12. Apparatus according to claim 10 or claim 11, characterized by

a test device (30), which is designed to test whether temporary target data (Rtma, Krma, V1MmaA)
which can be determined from an optimized solution (28) of a further optimization method
(26), referred to in the following text as a TMA method, is within a solution space which can
be covered by the limit values (10), in which case the estimated position of the target on
which the minimum which can be determined by the TMA method (26) is based can be
determined as the optimized TMA solution (28).

13. Apparatus according to claim 12, characterized by a convergence phase detector (78),

which is designed to determine a convergence time of the TMA method (26).

14. Apparatus according to claim 10, characterized by means for carrying out one, a plurality

of or all of the method steps according to any of claims 1to 4.

15. Computer-readable recording medium having recorded thereon a computer program,
which has computer program code means which are suitable for carrying out the method

according to any one of the claims 1 to 4 when the program is run on a computer.



