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Conventionally, sound waves of target noise emitted by
a target, e.g. a surface ship or a submarine, are
received by a carrier vehicle, such as e.g. a surface
ship or a submarine, using a sonar receiving system,
15 and the bearing angle to said target 1is measured in
order to determine target parameters such as target
course, target speed and target range of sald target.
Assuming a uniform target motion, i.e. the target is
moving with constant course and constant speed, a
20 target position is estimated from the measured bearing
angles taking into account the known position of the
carrier vehicle and an estimated Tbearing angle

associated with said estimated position 1is calculated.

25 Methods for determining the target parameters are known
from DE 101 29 726 Al and DE 103 52 738 Al. Here the
difference between measured and estimated Dbearing
angles 1s minimized over a plurality of processing
cycles using an iterative computing process. When the

30 difference falls below an error limit, the underlying
estimated position is recognized as a target position
whose parameters then also provide the target

parameters being sought.

35 Depending on the method used the target parameters are
optimized according to a predetermined optimizing
criterion. The target parameters obtained thus relate

to a solution optimized according to said optimizing
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For displaying the solution, the entire solution space
20 is displayed in two-dimensional or three-dimensional
diagrams on a separate display for each target
parameter, i.e. the gquality measure is respectively

plotted against all assumed target courses, target

ranges and/or target speeds.

” Said method has the disadvantage, however, that the
additional display means and a plurality of individual
diagrams could overload the operator of a sonar
receiving system.

30

The object of the invention is to provide a simplified
display of possiple target parameters, which also

displays the reliability of the possible target

35 parameters.
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20 range, especially an actual range that lies on a last

locating beam used to determine the target parameters.

An associated quality indicator, especially a quality
measure or an inverse gquality measure Or an inverse
25 guality measure normalized to 1, is calculated for each
target track from assumed bearing angles and the
measured bearing angles. This is a guality dindicator
indicating the quality of the target track, which gives
the degree of agreement Dbetween the assumed target
30 track and the actual target track. There 1s a
respective different distribution of the quality
indicator for the different possible target parameters
associated with a target track, because the quality
indicator is different for the individual target
35 tracks. There are also quality indicators for the
optimized solution obtained from the optimization
method in said target parameter-dependent

distributions. The target parameters obtained, such as
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Qi jy = 2, Wi [Bmeas,k — Best, j),k}
15 k=1

Here Q(i, 7j) refers to the gquality measure for an
assumed target track Z(i, J) with an initial range
Ro (i, 7) associated with the starting point of the
20 target track and with a distance to the end point of
the target track Ry(j). The index k runs from 1 through
n, wherein n indicates the number of measured bearing
angles Bpeas, x O assumed bearing angles Best, & along the
target track. Wy refers to weighting factors that
25 correspond e.g. to the inverse standard deviation of
the measured bearing angle Bpeas, & determined during pre-
filtering. Best(,§) ,x refers to the assumed bearing angle

of the kth locating beam for the target track Z(i, 73).

30 For determining the quality indicator, moreover, the
calculation of the above-mentioned guality measure can
be adapted according to support values for carrying out
the optimizing process when using said support values,
which promote the convergence of the optimizing

35 process. The formula for the guality measure when

using support values for the range is then:
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values. The simultaneous use of a plurality of
different support values is also conceivable.

15
Likewise, any other measure that can be calculated from
the above-mentioned quality measure, e.g. by means of
forming a logarithm, forming a root, squaring,
exponentiation, etc., can be used as a quality

20 indicator.

Alternatively, the quality indicator can also be
calculated from the sum of the, especially weighted,
squares of the differences of measured bearing angles

25 and assumed bearing angles, which is multiplied by the
smallest of said sums of all assumed target tracks. In
other words instead of the quality measure Q(i, 3J)
according to the above-mentioned formula, the inverse
quality measure normalized to the interval Dbetween 0

30 and 1, i.e. to [0, 11, is used. In other words Q(i, J)
is replaced here by Qinv(i, J) = min{Q)/Q{i, J).

Using the distribution of the quality indicator an
operator of  the sonar receiving system obtains
35 information about the reliability of the output
optimized solution. In order to reduce the load on the

operator, according to the invention the possible



target parameters in a solution space are displayed graphically
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associated with the respective target track, especially

the target course and the target speed, for a

predetermined time interval. The invention 1is, however,

15 not limited to future points in time for determining

the target positions. Rather, such target positions can

also be determined using target parameters that were

determined for past bearing measurements. The advantage

of the determination according to the invention of the

20 future target positions is that the operator 1is

provided with an indication of which possible solutions

the current bearings allow and especially how reliable

the best sclution is.

25 A display unit determines a future expected area from
the future target positions determined by the
calculation unit together with the guality indicators
assoclated with the respective target tracks.
Furthermore, the display unit is used to graphically

30 and/or numerically display the future expected area on

a display device.

Another calculation unit determines a range solution
space from all target tracks or from a plurality of
35 target tracks. Said range solution space has an initial
range to the target associated with the respective
target track to be displayed, a final range to the

target and the associated quality indicators of said
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in form of a PPI display (Plan Position Indicator

display).

The advantage of the invention 1is to simplify the
15 operation of the sonar system for an operator by
graphically displaying the target parameters to Dbe
determined with an optimized best solution directly in
a single solution space or in a single display together
with the associated quality indicators, preferably in

20 the usual position display.

According to another embodiment of the invention, only
those target tracks are taken into account for
determining the solution space whose associated quality
25 indicators, especially quality measures oOr inverted
and/or normalized quality measures, have exceeded a
predetermined threshold value, because only said target
tracks are potentially relevant as a solution. In order
to reduce the load on the operator of the sonar
30 receiving system, advantageously the solution space 1s
further broken down using the quality indicator. If
e.g. the gquality measures are color coded according to
different threshold values, then uncertainties in the
determination of the target parameters can be directly
35 read out of the display of the solution space. However,
it must be noted here that the worst solutions are
displayed first and the best solutions last in order to

avoid the good solutions with a gquality measure
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10 the range solution space, preferably on the first or
last locating beam, and the directions and lengths of
the vectors are determined using the possible solutions
for the target course and the target speed. This
advantageously enables the display of future target
15 positions as a future expected area within the solution
space, wherein said display is carried out pointwise or
directionally oriented, especially as an arrow with

arrowheads.

20 According to one preferred embodiment of the invention,
from the target parameters associated with the best
target track a vector is determined that 1is graphically
displayed in the solution space, especially as an arrow
with an arrowhead. Preferably, said vector is visually

25 highlighted, e.g. in a different color, so that
advantageously an operator can immediately be aware of

the best solution.

In another preferred embodiment of the invention,
30 boundary trajectories of the target parameters to be
determined are determined and displayed as additional
lines within the solution space for a better
representation of. the solution space. This has the
advantage that any uncertainties in the solution,
35 especially for the target course and the target speed,

can be better illustrated.
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According to another preferred embodiment of the
invention, the respective extreme values for the target
course, target range and/or target speed are output
numerically in addition to a graphical display of the
20 solution space. This has the advantage of showing the
reliability of the individual target parameters,
especially for a target course and a target speed, even
for cases in which the corresponding display of the
sclution space does not allow the associated
25 reliability of the optimized solution to be accurately

detected.

In another preferred embodiment of the invention, a
potential reciprocal course solution is determined by
30 means of a reciprocal course calculation unit. For this
purpose the value of the target course associated with
the best target track 1s determined in order to
calculate therefrom a corresponding reciprocal course
and a reciprocal course area spanning the reciprocal
35 course. Subsequently a target track giving the best
reciprocal course solution, which lies within the
reciprocal course area, and a vector associated with

said target track are determined, wherein the vector is



The display of said boundary trajectories preferably takes place only
if the distribution of the quality indicators of the individual

target parameters has not fallen bel ow a predetermn

the 5 reliaBPl20%26148R480ptim zed sol 4 on is | oW ¥ék%§éiéV0§6§§o
oth.erwi se the display of the solution space is confu5|ng

Advant ageou,%émt;he@eem@%a&g;aw;eé@r icesean ckQ 1gpt aonably rhenavaiel Iy

or automati call hi dden as reqU|r d on e Rd/ o
falling belbﬁ/'%e efd %%ﬂe§ﬁ@F§ vafu %) G regg'gglse ex%réﬁe

val ues for HBEfEaégetcomutse, t ar get range and/or target speed. 15
According to another preferred enbodi nent of the invention, the
respective extrene values for the target course, target range and/or
target Speefiraferablput fAufericAPly FRCQEBIRIRDN TG RFAFhT cafourse

di spl ay of %B?uggoﬁgluéhQQ SQBS@@ Thhsgbas ﬁh@cﬁﬁva@i@QEt@ﬁeﬁhOMMng
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target cour3ec@hbta Iyt sﬁéég tdven 1T %%§E§ |néﬁﬁ g??& s

correspondi ngvdispl ayyofl tthe sekusueopsspaoel toes qoalakwomnt¢ﬁﬁures

associated 25 reliability of the m ytiopn t SCCH
det ect ed. ﬂoéﬁahﬁéﬁdpre @rréd en%%%%ne%%gg%gk%e |%ve3%?%% a Y

pot ent ilal renresboaﬁ golpnse solution is determ ned by 30 neans of a
reci procal course calculation unit. For this purpose the value of the
target course associated with the best target track is. d ternlne: |n
order to caF@HIaﬁ@aﬂﬁéﬁEfr%ﬁﬁ%F%RﬁreEB%th%@ réEﬁE?Scaﬁ) e an
reci procal gggﬁgelgéeqt%@qmmaﬁhttmereekgéocabsﬁéceauﬂgea Startlng

Subsequently a target trﬂ?ncg%V|n§C|p best éﬂﬂi %%gt GAUELS8s for

sol ution, WAPEATEPBs WY ocal“Course area, and a vector
associ at®d wetbreahdntar gek t sadktdos detpdrimirred Wit the vectdr

i's V[)2012/14 348rm}gedPCT/?%@9&g££§§990(fggggyyd%ablyfgksplawg&bet
graphlcally an nuneri cal Int

e” sol ution space e@ﬁ-ﬁgy 1
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qual ity mea3ifesiBRENSPIqUEPTESS me¥hr 643 ofﬁﬁﬁ 786°%t 0
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e.

especially fstart nd“% T ang e of conventional nethods
for said potentlal reciprocal course situation to the

operator.

55  Another embodiment of the invention graphically and/or
numerically illustrates the future target positions for
a plurality of the possible target tracks within the
future expected area 1in the solution space, especially
as arrowheads, for the <case 1in which there is a
30 potential reciprocal course solution. By the display of
many approaching and departing solutions the
uncertainties of a reciprocal course situation are

advantageously visually displayed to an operator.

35 Another embodiment of the invention shows the
determination of an additional reciprocal course area
for the case in which a best reciprocal course solution

exists. The additional reciprocal course area 1S



15 determ ning the solution optimzed according to a predeterm ned
optimzing criterion for target paraneters cannot give a reliable
indication for long as to whether the target is approachi

departing. Wﬁezpﬁggﬁﬁﬁé4§ourse and its leci procal ékﬂj%ﬁédﬁkjg%ﬁfgo
exi st as potential solutions. A corresponding display of said

reci procal epurspyadwantiageousby i ldaustoiatres swi pebhent igteviously
reci procal course,situation to ﬁ e gperator. 25 Another enbodi nent of

the inventi OR-GFApAFEaFF{ RAGFS rFcaffy-illustrates the future

target positions for a plurality of the possible target tracks within
theanure re n ol uti a 8P d
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advantageously Vi sua
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reci procal geueseiaeea darighe-caseounswhiactea bést reecusprsocah ddwe se

solution exists,. The additional .tecj cal ¢ e1aLearks V0.
2012/ 143348° 57 ihtE&T?%ﬁﬁafﬁfogggggg%ﬁé?eg%cggg%?er or ﬁarr%mer t han
the preM ously determ ned reciprocal course area. Preferably, the

target DOS'&hog%o%etrheelﬁ%&m@e@%p@@t eg 5 B fon B digsl @si%q‘élay of
graphically 1n the solution space, spgg%g (g as arrowheads an

nuneri cal | yEheors e iis e SPACHNI ich PRE 01 Ut9 ofi?f oﬁ%?FeSSlng
previously deteem aed JerﬂﬁQQaloﬁousaecaseavalspr@¢e3$sngn ¢heles.

slightly narrower,, additiopal reci cal ou e a

enbodi nent ‘é?c?ﬁglflﬁvetrﬁ gﬁ St 17 lz%?aof X{l%@“g%l %tels(%%l%%gcgﬁlws}%

updat ed. dur t hg ead:htpooceisslemgxl@yecll @soft@ sErsinss tofves Jrasds st gt ion
processi ng ﬁggfg?%téccgégiggrto gheuﬁgﬂye@g%gnaghgetQ@guggscééﬁgght

above, 15 the so on deternm ned as the respectlve best. sol uthg}
converges eaplieiobr |H ePrfietth Fhe Saf%ﬂ"ﬁalt d8rrete SBISRidh. °Fn Gidler

to show thi §ow€16hs R e of ;Jsh&a@\ﬁdrma@b@s)@eecbstadmamnagemtﬁ‘yed
continual 'y upd: so.tha

oth the r e solution s e
the 20 futufg & éﬁmﬁkeﬁﬁﬁréﬁyﬁ%?eigﬁﬁgﬂﬁnl|%??%% E%t%ﬁe??greferred
enbodi rEnt sfratiuse fé@pétheddepeadene thairessandlfr ot hedexenpl ary
enbodi nents according to theinventionexpl ai nedi ndet ai | usi ngt he 25
acconpanying figures. In the figures: Fig 1shows a schenatlcdl(glay
of a possi bPehscerardéemiah ©riPocaiendsheakbs® r JoA waber bt ent

vehicle to g1Lakgebnd from the exemplary embodiments according to
the invention explained in detail using the

25 accompanying figures. In the figures:

Fig. 1 shows a schematic display of a possible
scenario with n locating beams from a

waterborne vehicle to a target,

30
Fig. 2 shows a schematic display of two locating
beams with a plurality of possible target
tracks,
35 Fig. 3 shows a block diagram for explaining the

method,



30 Fig. 2shows a schematic display of two |ocating beams with a
pLg;?EL;%lgjoggggbbLe target tracks, WD 2012/143348- 12
- igs. 4A-D show the schematic
sol ution spH@eZPb?/&ﬁgﬁé?ent processinhg <ycl es, Fﬂ%&ﬁég%ééigéég%ggo
schematic display of a solution 5spacew thadditional boundary
trajectories;yEi g4n68housow arsehesmidnt dicsp Byp Dy aopossiebl solution
scenario with'n Iocatlnggbean% fr 2 1. Owat er borne ve igig to a
target for a starting posftfo Oﬁn@?% BFCO" dRhrees” Ahd €¥g. Tshows t he
sghenatlctQispgay of the solution space for the
above-nenti gne ecipro 5cour .t i on. bogkd
vehicle, es égraﬁly a s%%%%%iﬁ%,f%ﬁg%gwﬁgya?qﬁgggg o%g a%rgﬁggﬁgﬁ%ﬂe
with a glurality of watepdoene souridirecei vef8isfOa3Sonar r
system 20 This can e. gy he-a-basesof a cylinder in the bow of the
wat er borne vehicle and/or a linear antenna on each | ongitudinal side
of the waterborne vehicle and/or a towed antenna behind the
?2zgrsprne y@@lfbe.fZEhgh@wgonﬁr Janeiatiing syspémyconti nes pdwsible
ption signals o e wat er bor ne, sound I o] r IO,
signals with adjacent dfF&étiovnal "c gragteiﬁg%?éggtsﬁ%%mgggirectié%
generatiy. For this purpaserboheerevepticds 30-xj dnal §288the I ensdt s
are summed according tosthetfndi SPOSLIbANNGID bF 30Skih8ed I amaands or
phase delays to formgroup signals. Bearing angles are then
associated with the group 35 signals depending on the respective tine
?:lr ayts, Wﬂe@gbn yhe aboygowenthenednemasuced bedniyng anglessebution
agai nst the el ;“g“ggg;ggg‘e' eysl varlations. of  fPe.gLeuP &L gnalSar
15 course situation.

On board a waterborne vehicle, especially a submarine,
there is at least one arrangement with a plurality of

waterborne sound receivers of a sonar receiving system.

20
This can e.g. be a base of a cylinder in the bow of the
waterborne vehicle and/or a linear antenna on each
longitudinal side of the waterborne vehicle and/or a
towed antenna behind the waterborne vehicle.

25

The sonar receiving system combines the reception
signals of the waterborne sound sensors to form group
signals with adjacent directional characteristics using
a direction generator. For this purpose, the reception
30 signals of the sensors are summed according to their
disposition with transition time and/or phase delays to

form group signals.

Bearing angles are then associated with the group
35 signals depending on the respective time delays,
wherein the above-mentioned measured bearing angles to
targets are determined from level variations of the

group signals against the bearing angles.



WO 2012/ 143348- 13 -PCT/ EP2012/ 056990 Furthernore, such a sonar
receiving systemhas an estimation filter for determ ning target

paraneters fromthe neasured. bearing angles to a targ@et. Dugin 5
preferably 4on20aa71883¢8] of the waterlborne vehi FE/AHRARYZ %5%391

of notion, the so-called Figen |l eg, bearing angles to the target from
sai d wat erborne vehicle are neasured while the target is noving at
constant speed froma first target position tpo a second 10 target

position. FFgr heEHBWE a PBSEi bfe SCBMENi B°FR WhIEh The Wat eftor e
vehicle withsaisgnabnreceiving syst edetsrmimvedi ngeajong e padt ofs
motion 6, also referred to as 15 an Fig , vand, i $ rdimg-ih
beari ngs tofﬁo?lar%djeet ?‘ﬁ%?ufgaht%))vﬁaﬁgquf@r O%H%i%grg?) I%cgtair ngeam _8l Vgl a
ot her | dcat pngfbeantyt ccaetant ltoeatilnge bedmelovalrergoaltar it track

12. The WatS'iBRé”ei?@hi & an¢ theetghgety thenebyhave apstant i ngy,
position angle 14 of a grox. 20 450 at the stgrt of thg rrvtdaﬁsurerrent.
8,

Fig. 2 showsecarisefienabféedi shPaytbf t Wdr¥okat t hg bedts WEH' A
plurality of.pessiblg£réargetsidackshiffer determdmjaiy tiar gepving at

parameters, such as a target course 25 C_ a target..r. d
target speeBC¥Stanpl GPEEFY y T6f° ﬁo:f[ieﬁrisc%ns%af A ssellt(ralgo?ggcdo?n;t e@?rilrst

| ocati ng beaar8ecandoaipliivnal ity of positions 18 are selected on the
| ast | ocating beam 10. Said positions correspond to starting
positions or end positions of possible target 30 tracks iqgnl i),
wherei n i nd&xgi réf ershewsa positdsoiPLE onSEHEEF1? st Foc lr?QEJ beaht 8

and index j tefersrhe ayPositéonikd on thendastrdegatinmg beamet0.igShe

first locating beam 8 and the | ast |ocati.ng beam.10 are ively
the first ahd2VgstnFofalify abé’zi‘rﬁ‘u?efg GOrt 6ceietaelrsrf')l nrien%éfliegéafg a(% gagét

paranetey fepammgeinureddtyanfl heaniengs:difheyn abeaspegifited a target
automatical Ly or .manually by operataor_j.nt é@{'ril Np e a 052012 143348-
14 - PCT/ EP26%?/‘0§§9§@OW%%a¥|r?§ n |cra§tg(;rf(|£s d%et(grmeﬁed for each of
sai d possi blleckarget dbeavks Z(i the).ntSai dogadlingy Padfcatbr along 2
target track 12. The waterborne vehicle and the target
thereby have a starting position angle 14 of approx.

20 45° at the start of the measurement.

Fig. 2 shows a schematic display of two locating beams
8, 10 with a plurality of possible target tracks. For
determining target parameters, such as a target course
25 C, a target range R and a target speed V, a plurality
of positions 16 are selected on the first locating beam
8 and a plurality of positions 18 are selected on the
last locating beam 10. Said positions correspond to
starting positions or end positions of possible target
30 tracks Z(i, j), wherein index i refers to a position 16
on the first locating beam 8 and index j refers to a
position 18 on the last locating beam 10. The first
locating beam 8 and the last locating beam 10 are
respectively the first and last locating beam used for
35 determining the target parameter from a plurality of
bearings. They are specified automatically or manually

by operator intervention.



can e.g. be displayed in the formof a quality neasur '
( _ e 1,
is calculated fromthe differences between 5 ¥he neasurgg begzi;gat

angl es and the associ ated assuned beari ng angl es. Th
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a quality neasure s
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Preferably, for each target track Z(i, i i
, j) aquality indicato
cal cul ated, which specifies the 30 quallty @ th MhYCh t he ta:ggf

track is con5|dered %ﬁi p ible sgution ffor th i
‘ S | C e target track be
sought. The begﬁg@aFc @ﬁeg agtki ofrestien-folccurs for tge t ar get trggg
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assumed target track Z(i, 3J). Tndex k runs here from 1
through n, wherein n gives the number of the bearing
angle along the target track. W, refers to weighting
15 factors for weighting the measured bearing angle Breas, x

according to its accuracy.

However, the invention is not limited to the use of the

above-mentioned formula for the calculation of the

20 quality measures Q(i, j). Rather, other methods for the
calculation are conceivable, with which other data are
taken into account, such as e.g. the measured
freguency.

25 Here it is also conceilvable, instead of using the value
of Q(i, 3) as a gquality measure specified above, to use
fthe inverse value of Q(i, J) normalized to 1, 1i.e.
Qinv (i, 7). Preferably, for each target track Z(i, 3) a
guality dindicator is calculated, which specifies the

30 quality with which the target track 1is considered as a
possible solution for the target track being sought.
The best calculated solution then occurs for the target

track Z(i, 3) for which Qinv (1, J)= 1.

35 Fig. 3 shows a block diagram for explaining the method
for determining and displaying possible target

parameters. Initially the determined possible target



tracks Z(i, j) are transmtted to i i i
trac , gether with the associ ated qual i
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determi nation of the future target sitio
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for coufse Grardnspeed \lwespediatdyscowrsey spees
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det s ned f “target positions 25 together with the 30 qualify

:/\R' i (r:]atjors ithea display umiciczé o f utdrl &Rpected Heha ?zlde@rm hed
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di spl ay device or coded accor di
_ rding to t resh
e.g. that ars@estialde fatur é‘%)‘éﬁgct Eang?éa 3 Sﬁ%s?agsrgjcyg g%% awgf
posi tiong 25have a quaképye&ents an initial range related to tag
starting point of the target track on the first
locating beam 8 and Rg represents a final range to the

end point of the target track on the last locating beam

10.

20
The values 22 for the possible target parameters

filtered according to  the threshold values are
transferred to a calculation unit 24 for determination
of the future target positions 25, e.g. the target
25 positions in 5 minutes’ time. Vectors are calculated
from the values for course C and speed V, especially
course/speed vectors, whose end points represent
possible  future target positions 25. Using said
determined future target positions 25 together with the
30 guality dindicators in a display unit 26 a future
expected area 1s determined, which based on the
filtered input values 22 can be displayed on a display
device 27 color coded according to the threshold
values. Thus e.g. that area of the future expected area
35 whose associated target positions 25 have a quality Qinv
greater than an upper value is displayed 1in a first
color, that area of the future expected area whose

associated target positions 25 have a quality Qiny below



greater than an upper value is displayed in a first color, that area
of the future expected area whose associ ated target positions 25 have

a quality Qn, below WD 2012/143348- 16 -PCT/EP2012/ 056
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filtered values 22, especially the potentjal_possi t ar, a
Z(i, j), usPAgaReEdFalit %E)Xi“ﬁdiac adsrecs.iQ%ae Jbrg(gtgtggpggtcgﬁsa%i %ggst

preferabbty ldeeswheriedt hehquahirtyt npasametOriss dthea POHS Wk oF 2FAgt
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the display unit: ;26 and-the outpyt o arefr tbectargedidpaek of the
cal culation unit 30; O 2012/ 143348- l17 - PCT/ EP201§/Q§63&8 EB@ ted
common sol utieen s pEte sHWsSPRACE 8i SPIray, €¥pdd arty a~p .él spl ay,
the futppe expesidth@rean t heciangersspattdone spageadhtyor tLheipeser

target track Zbest in a solutiaqn spa . disp ans L Spl ayhng
the 5 sol ut i %paced s %élf}r{i e%héaut %%?égcﬁ%ﬂ% a{t%?fgggt ‘orr%rl;%i'ggha
signal to contrdlcwdadi spl-ay devitder2preridgssudpaplehsivd Sehefati-c

representation of (th Utd Of2ddhe scenarid shownttedrisg. 1
ina 10 posipﬁ%c?%bchesg\e}% Inlq{;gd 1tion togtthe sol ution space, the
first locating beam 8 and the |ast | ocating beam 10 are shown in

Figs. 44;D. Possible target pesitiensofionrtihe 30 aritrgrriarge Robars
the final 16 vaige Rioake Snown bh°t o Hagt Focditia beamio, o 22
Qiny (1, J) dindicating a maximum achievable quality from

the filtered values 22, especially the potential

possible target tracks Z(i, Jj), wusing the quality

30 indicators. The best target track Zpest preferably lies

where the quality measure Q is at a minimum oxr the

inverted quality measure Qiny normalized to 1 1is

approximately equal to 1.

35 A solution space module 32 determines a common solution
space from the output data of the other calculation
unit 28, the output data of the display unit 26 and the
output data of the target track calculation unit 30;
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) esgl
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within his u uaI g,o& t@f b q:aps roing %tsejlrgyne;@JllgéJrga t ar get

positions 2 r ovi e calculation 24 unit for
di spl ayi ng the future expect ed area 42. Areas can al so be specified

here using GolQr acgardi ngdwo tzhe squ@hdattﬁcnea& rese@tart iQnn, of Wohe
2012/ 143348- 1l - PCT/ EP2012/ 056990 Fi nal | e:bb‘egt @glar}_gant rack;
Zbest . whi ch S rigisf 8PREA fHontPhe &7 Gét tr%c CarlCul atfon unit 30

10 position display. . In addition to the solution space,
the first locating beam 8 and the last locating beam 10
are shown in Figs. 4A-D. Possible target positions for
the starting range Ry are shown on the first locating
peam 8 and possible target positions for the final

15 range R, are shown on the last locating beam 10.

The possible target positions on the two locating beams
8, 10 are divided into different areas according to the
grouping of the threshold value detector 20 depending
20 on their quality dindicators. There is thus a range
solution space 34 that shows the associated quality
measure OQiny for each assumed solution Ry, R, or each
target track Z(i, 3J) with a minimum quality measure.
There is thus e.g. an area 36 of the range solution
25 space 34 with solutions of particularly high quality,
an area 40 with a quality measure indicating a minimum
quality and a medium area 38 in between. Preferably,
the differentiaticn of the solutions with respect to
their quality is highlighted using color in order to
30 display the solution space with  the associated
reliability to the operator even within his usual

position display.

The determined future target positions 25 are provided
35 by the calculation 24 unit for displaying the future
expected area 42. Areas can also be specified here

using color according to the quality measures Q Or Qinv.



to the solution space nmodule 32, is highlighted in the displayed

sol ution space. This takes place by neans of 5 a starting point 44 on
the first locating beam 8 and an end point 46 on the |as g'

beam 10, wh&Cei2®12{d4334% s 44, 46 are b?abhlcallypﬁ?éﬁF%Bh?zg %QQ%

vector related to this target track Zbest is shown as an arrow with

an arrowheag-;whas tlpth@d|QQ§g§ t herhest f@ﬁaww 1@ etwhia@si t
25 within the futﬁ}e expected area 4§§ The displ a mk@i%% sqhg&gggﬂ
space accor dinigste Tmegt Qﬁ@@h& t195he F AR ecgofﬁgﬁon Space 34 and

thte future expectedsareaid? apecst imbbugei B&,wiide mli@q@i in the
optim zati on, ngbgﬁ? (ﬁofﬁ%fg£1$éggea 93%& %Q&%%'%ﬂdyét hes9etof

paraneters i°8° corfect Ty converg oy th
soIutlonSSpaCGWEMHumgrgpﬁ&#t%@romrb%%sélEVEI%%C%?l%%aP?ﬁ@ nd an

qﬁgsggfgm %eg;l ZAO L8r PO phSchA tlla@% qudaﬁﬁntghQ)élﬁﬁ'mZ'@gep@DﬁGSBG

est solutlon of the
with the rasgetsol 4¢i od osprice gaaaﬁacaﬁzé %gg%? gplters §$E¥§r8€8r
both the al sqithed utdirenexpestgdt 2rathe zsol.utiisorstspaceas | fuseraped

in Fig. 40 shows the oper tor, a best "
posi tion to“Hé*bxﬁ%cﬁég WgFﬁlnvgﬁgg?u%ﬁég§ég%%%§§ Zg¥%3m%%?kaﬁﬁgﬁ’ﬁgs

a qual i Ly nmeasufe Qositndircad ngtiiigh thel ifapiybe e dissh GEd i%y. 30

The display of the solution space according to Fig. 4A
shows that the range solution space 34 and the future
expected area 42 are still quite wide and the
15 optimization method for determining a best solution of
the target parameters is still not correctly converged.
Figs. 4B-D show the solution space following further
process cycles or bearing measurements at later points
in time during the optimizing process. The determined
20 Dbest solution of the target parameters converges with
the true solution as time increases, so that both the
range solution space 34 and also the future expected

area 42 are limited further.

25  The solution space illustrated in Fig. 4D shows the
operator a best target track Zpest with a target position
to be expected within the future expected area 42,
which has a quality measure Qinv indicating high

reliability or high quality.

30
Another possibility for displaying the uncertainties of
the solution space or the associated target parameters
is +the display of additional 1lines as so-called
boundary trajectories.

35

Fig. 5 shows a schematic display of a solution space
with additionally plotted boundary trajectories. The

boundary trajectories are specified in a boundary



Anot her possibility for displaying the uncertainties of the solution
space or the associated target paraneters is the display of
additional lines as so-called boundary trajectories.

35 Fi&. 5 shggs
a schemati c Wi 29118/ 13380l uti on spaceli th addi t PERAFPPPISY Paq®
boundary trajectories. The boundary trajectories are specified in a

boundary VW0 2012/:14334810419 o PET/ ER20324056990 ¢ Fajzect oruamdul ensO

according to Fig. using the target paraneters to, be_ determ ned d
are transfem@ﬁﬂ%Q)@?ﬁ?@ﬁﬁ%ﬁ?oﬁos%ﬁcé&ﬁﬁﬁﬂ%? _aﬁ%ea€%|%§§n§ eF6§8
t he possi bl a4 anget spanamshespatil tenadeaceor dieg tolude B2t heeshbid

values in the threshol d val ue detector 2Q.are._tran o] e
boundary tr &%ctst n68698t509a??%%%?ﬂ%sgﬁggﬁﬁf¥gn§£§%%8%?&R}kg F

V. extrefe walmeshol8] espes alh ytIROVEIRRosax RANY ARAE nBREAFACHBRXAnd ™ e
vmn tr\é%%'fe%rxgecge{&r %%e%’o_ufnfd%@y""ﬂdr% dde fespestivesbourdany
10 trajectories are determned. Fig. 5 shows the solution sgace 9k
Fig. 4A witHheddi t$onatieonhesonsRpodhdary 31%) Bet 8FFES For 2t He® *°-

gxtrgne val uas,of; 4ihe, fsﬁc%;:,ihngorxa@ngamﬁiamzaam@nd Roe, Crab2, aﬁt ﬁem,h
oundary trajectories for the course X, a e
boundary tréL@ut&PV%§d?EﬁrTh%e§pe H?mwéﬂ}ﬁhaggesggé§g§€?%53%ﬁepgéf§
di spl ay1the thandwitihi «of dhe dbtfdenientd sol uti ons. 20 Preferably, said
boundary trajectories 52, 54, 56 are only displayed if the associated

solution space is relatively broad, i.e. the difference between th%
maxi mum and Fiqi mim \elaes ofthe t @gett igdr afese exdeedd % A Wit

pr edet er i nedyyal s a 25 Fidher aur epolifacyl reme juatuescds absthene
target parameters determ

ermned _in the boundary tra'eg%pry g%e 5Q,are
addi ti onal | yexdi Eptaay &y WetreP £ c &Py SR TEHE 9ditEp1e s agg Bausé
the positi oni spbayddegs tiet 3@ calileaw fdre whet kvoofrstthe Gob ug RN Crax
space 10 befgftggtsglinas the boundary trajectories for the speed,
Viin and Vyax 56, to better display the bandwidth of the

different solutions.

20 Preferably, said boundary trajectories 52, 54, 56 are
only displayed if the associated solution space is
relatively broad, 1.e. the difference between the
maximum and minimum value of a target parameter exceeds
a predetermined value.

25
Furthermore, the extreme values 48 of the target

parameters determined in the boundary trajectory module
50 are additionally displayed numerically on the
display means 27, because the position display does not

30 allow the width of the solution space to be detected in

every case.

Fig. 3 contains as a further embodiment of the
invention a reciprocal course calculation unit 60 for
35 promptly displaying possible reciprocal course

situations to the operator.



every case. Fig. 3 contains as a further enbodi e i i
i odi ment of
a reciprocal course calculation unit 60 for 35 the Tnvention

pronpt | ydi spl ayi ngpossi bl ereci procal course situati
operator. WO 2012/143348- 20 - PCT) EP2GH2/ 056990 Ié)@/%é%i%%\éosawgo
( tic display of a possible scenario of a reciprbcal course
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angl e of zero degrees. An appli man-a _ Fed
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acryin
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i |1 ustratedsitarEigg @P?P@ﬂQ@eﬁéﬂ%ﬁnPﬁgZﬁﬁgpggﬁﬁﬁﬁggu;;:czltgaggg?
target 20 track Zbest is first determ ned by nmeans of the’target

track calcul ation unit 30 [ i i ndi :
to the Cgeg&he (I@b@%qnﬂ@g;g” dtjggogg%l %gregf'&r;ﬁé%gi? i tdansf ees ed

Cht 204 Catgen ariespond s appsussivng ana ot 1 v B
An applied optimization method does not distinguish
with sufficient reliability whether the target is on an
approaching or departing course. Both the approaching
course C and also its reciprocal course C + 180 degrees

15 are potential solutions.

M

Fig. 7 shows a schematic display of the solution space
for the reciprocal course situation illustrated in Fig.
¢. For determining the solution space, a best target
20 track Zpest is first determined by means of the target
track calculation unit 30 using the quality indicators
and the associated course Cpest 1S transferred to the
reciprocal course calculation unit 60 according to the
method illustrated in Fig. 3. The reciprocal course
25 calculation unit 60 determines a reciprocal course from
the best course Cpest:
Cb%mn:(c&%;+180)ﬁmd360,
30 wherein the two courses Cpest and Cgegen correspond to the

approaching and departing course of the target.
Using the value for Cgegens @ reciprocal course area Gl

is determined, which spans the course Cgegen within a

35 predetermined angle X from both sides:

Gl= {Cgegen — X,Cgegen + X J



Using the value for Cgeg," a reciprocal course area O is deternined,
whi ch spans the course Ccregen within a 35 predetermned angle X from

both sides: Gl [egegen - X, Cgegen X] V\D 2012/ 14334
- PCT/ EP2012W05699@/$65§é&uentIy, a best?h ar get tra%cgré%a%%lnz/oor%g%est

reci procal course solution is deternmned by neans of the quality
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as sonewhat narrovver V\AI
det er ni ned rti\Priot v&zo rse @éégéa%‘%% 2(625 abgui-tthg poeviseusithe

gegen_ - en,+ Y?l/L 4
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the dEterm'E%jé¥$ﬁded into two areas in this case.

20 If there 1is no longer a reciprocal course solution
following further processing cycles of the optimizing
process, then as explained above only the best solution

Zpese 15 shown in the solution space, especially as an
arrow with an arrowhead.

25
Because a display of the solution space with a
plurality of arrowheads of the future target positions

25 does not always appear advantageous, the invention

as a further embodiment the determination of
The additional

contains

30 an additional reciprocal course area G2.

reciprocal course area is thereby determined as

somewhat narrower with a smaller angle Y<X about the

previously determined reciprocal course Cgegen

35 G2 = [Cgegen =Y, CQGQG” * YJ'

Hence the solution space 1is only illustrated with a

plurality of arrowheads for the future target positions



solution Zgegen lies both within the reciprocal course area Gl and
also within the additional reciprocal course area Q. 5 IIl the
features nentioned in the above-nentioned figure descriptl.o i e
clains and Wa 2R&2/Ah#B84Bcti on to the description %EEJQégéﬁékpéékiﬁl
individually and al so in any conbi nation with each 10 other. The

di sclosure of the ivmeentiop1ks tdussidwt 2hi nifedHe tbeedesoribeneor
cl ai med conbi nati ons of features. t her, .al |l _.combi i of
features ar 8018t heNcdnsiderddSasParLclos&d” dai ms %%ﬁgggﬁuﬁf#%ﬁe
det er mi ni ngzand displ ayingapessi biehiar gelbhe pardaet epsa hssoetHPE L t h
a target, 5 esgecial%é g target range (R), a target course (C) and/or
a target sp&RUTEY) 2 VA firare determined by directionally selective
recepti on of sound waves enmtted or transmtted by the target by

using bearinpg;anghes measyred byan dangerentted 1ébsecenyet somdd
wat er borne sound of a sonar receiving Sys

C ! ten1a?d.estinakﬁd bgarug%
angl es that faperdet e PFPEEPF+OM estihmt E4%positiohs of 'the tar get,
and a beari ngrapglerdihf erence rket wearmeasiured card st i nased beatrt ng
angles is iteratively. 15 mnimzed and eachi m ik pym & hen
esti mat ed pé§?ﬁ?69u8¥l¥heaP§rg% S%aﬁﬁheggls %%%%?gégqgﬁ optim zed
sol uti orp f obthhe . di Bipt aydiamibsves eiof dbhengl et Prbcdssi Uy cPRE of
a series of .successi Qcesgsi : | esf o 4k 20 cpesShblke@ons of
sol utions f&%H%%gﬁta?ée?ﬁggrg%gggﬁg¥?o_bg deté%ni egﬁ%tgluralit 0

i

f
di fferent tdegetresackeq®E, p}) &ELATEEIHEC i F?Siﬁﬁf¥a%%r,
especi al |y a_qualist yereasure 4iQd1osier). or an inverse quality neasure
(Q,,(i, j)) that nay also 25 be normalized to 1, are determ ned for
each assumed target track, wherein a best target track (Zbest) giving
a best solution is determned using the quality indicators associ ated
with the target tracks (Z(i, j)), 30characterized in that a future
target position (25) of the target for all or a plurality of target
tracks (Z(i,j)) is determned fromthe target paraneters associ ated
with the respective target track, especially the 35 target course
(© and the target speed (V), for a predetermned tine interval, a
future expected area (42) is determned fromthe future target
positions (25) of the target and the quality indicatoTs associ ated
with said target



positions (25) and is device (27), a range solution possible
solutions determned fromall or a plurality of target tracks (2(i,
j)) having an initial range (R0O) associated with the respectiyv
target tracWOaR@1l8/R#R3A8range (Re) wit4P the assock &t &F Q%ﬁ(?é%ggo
10i ndi cator and a solution space containing the possible target
paraneters haykpg the future expected area (42), the range sol ution
space (34) and/or the best target track ( Zbest ) is graphically
and/or 15nurerical ly displayed on the display device (27). 2The

tmrslt hodI a;s_ chai med imettiad mfdyr chareactierirzedand tdhat lfeori ndet e $% Hb gy
the solution space only tho r 2( 44+ ar Aken
into account mhog%rgggocﬂ%‘%ﬁmﬁgg%?tgg%ﬁéﬁgggggf é@ﬁ%ﬁ?éf|ye%%e !
i nver se @and/ or nespatizédyqealtiargereasmoe (R), a target course (C)

1)), hasexceed_eda%hgaé;og_e tRredet eiRed whhr egholid amad uge t 2Bniihed by
met hod as clainmed 1n claim1 or 2, characterized in that fromthe
target paraneterdiggsbérateédyw IHeHe Toar gECPFatks (iSPU'%),waves

gigégizdare deEiéﬂteﬁﬁdSOQmho%ﬁaﬁgmhﬁmémtsnremmesemarghe foyvuresing
ar ea . erein e startin Oi t [
g%arbpgonagaggg (gffsu dF IS §H .£¥E3ﬁ§%ﬁ§ﬁ% I &f

wi thin the range an he-“directions a engt hs
of the Mectors arecdéversi nédwasiemiporhe posgichlad sol LRBPONSTFHR LT Hed

oot ast course (g LaLgcL REd ) bekaThy Mg el ki

determined from estimated positions of the target,
and a bearing angle difference between measured
and estimated bearing angles is iteratively

15 minimized and on reaching the minimum the
estimated position of the target parameters
provides an optimized solution for the display,
and wherein during each processing cycle of a
series of successive processing cycles for the

20 possible solutions for the target parameters to be
determined a plurality of different target tracks
(z(i, J)) and a respective quality indicator,
especially a quality measure (Q(i, 3J)) or an
inverse quality measure (Qinv(i, J)) that may also

25 be normalized to 1, are determined for each
assumed target track, wherein a best target track
(Zpest) giving a best solution is determined using
the quality indicators associated with the target
tracks (2(i, 7)),

30 characterized in that
a future target position (25) of the target for
all or a plurality of target tracks (Z{(i,3)) 1is
determined from the target parameters associated
with the respective target track, especially the

35 target course (C) and the target speed (V), for a
predetermined time interval,
a future expected area (42) is determined from the

future target positions (25) of the target and the



WO 2012/ 143348- 25 - PCT/ EP2012/ 056990 fromthe target paraneters
35500|ateg m;;h the best target track (Zhest.) a vector is
et er m ned, ich is graphically displayed in the soluti

especially ¥® 3918/ﬁ6_3ﬁﬁth an arrowhead® RThe net%%%?%§£€¥%f§§§9?%

any one of the preceding clains, characterized in that boundary

;;?Jr g%orl :35 (5(2 g)é%i;c%%iaa@caebersm pedodDatédonw ptedet eidi nearget
val ues Jof the t et rapeters_t det er m neg. re

shown as |ines mPPﬁﬂﬁlPﬂé sé?é ioﬁggpaég f%%sgg%gg?erggig%laﬁl%QE? e

sol ution space. @bvhc&hézimgthod as clained in any one of the

preceding claims, characteri in.th L .
. . 0n
apotentlalreC|procalcéﬂfseso?%gfggps %%ﬁce (34éetéﬁﬁﬁ%;§ﬁng the

addi tion5to the bessibdkut $ohutPonheri€ith Lhe d%%%?%?ndFVHﬁzcgﬁﬁri%%s

the follow ng stgpsecra)ndat exrbpi ng1theoval e piutheitargetr courget
(Chest) associated with the best target. track (2tE§p), 23h)
cal cul ating a reéipFbéal (édirsel Chegeny & Vil | %ﬂ%z%%%cfbré@hl(Rw

course area (Gl) aspaBningdt he trecilps ocaspeouise (Egegel IHrafakomtcthea

det erm ned val ue _of _the target rse,. e 1 NLR
target track (Zgéé@f;\mﬂﬁ%r1th@8$ecSBTg@aﬁﬁ%éugﬁgaﬁééfé%i)@%?%?%é a
best rerdprocal d¢odisetsgl anidonand a vector associated with said

target track a solution space containing the possible target
parameters having the future expected area (42),

the range solution space (34) and/or the best

target track (Zpest) is graphically and/or
15 numerically displayed on the display device (27).
2. The method as claimed in claim 1,

characterized in that

for determining the solution space only those
20 target tracks (Z2(i, j)) are taken into account

whose associated quality indicator, especially the

inverse and/or normalized quality measure

(Qinv (i, 3)), has exceeded at least one

predetermined threshold value.

25
3. The method as claimed in claim 1 or 2,

characterized in that
from the target parameters associated with the
target tracks (Z(i, j)), vectors are determined

30 whose end points represent the future expected
area (42), wherein the starting points of the
vectors lie within the range solution space (34)
and the directions and lengths of the vectors are
determined using the possible solutions for the

35 target course (C) and target speed (V).

4, The method as claimed in claim 3,

characterized in that



and 35d) graphicallyand/ornunerically displayin
_ g the vector of the
target track (Zgeger) of said best reciprocal course solution and/or

t he vector

of the

WD 2012/ 143348- 26 PCT/EP2012/056 k
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met hod as cl ainmed in claln1g&a§g§ra%%erhz ?rb@ t,hat ggagr@gqhgbgnal

reci procal cour s8PaF&a (62)

e case

gpécii19rastiss

termned for the case in which there

is a besi reciprocal course solution (Cgegen), wherein the additional

reci procal
reci procal

tracks (Z(i,
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course

c
b
£

ngf eatt02) 4s stRlh&l thaanthernpr e oust ypdetedmaped
Oarea (01), and for a plurality of the target

j))cthémgre hlghllghted within the future

haracterized in that
oundary trajectories (52, 54, 56) are determined

rom predetermined extreme values (48) of the

target parameters to be determined and are shown

s lines within the solution space for a better

a
display of the solution space.

o . The method as claimed in any one of the preceding
claims,

C

a

haracterized in that
potential reciprocal course solution is

determined in addition to the best solution,

W

S

herein the determination comprises the following
teps:

a) determining the value of the target
course (Cpest) associated with the Dbest
target track (Zpest)

b) calculating a reciprocal course (Cgegen)
as well as a reciprocal course area (Gl)
spanning the reciprocal course (Cgegen)
from the determined value of the target
course (Cpest) s

c) determining a target track (Zgegen) within
the reciprocal course area (Gl) giving a
best reciprocal course solution and a
vector associated with said target track
and

d) graphically and/or numerically
displaying the vector of the target
track (Zgegen) ©OF said best reciprocal

course solution and/or the vector of the



sol uti onspace, 9A device for determni i i
, _ ning and displayin 0SSi
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of the target, WO 2012/ 14334%- 27 - PCT/ EP2012/ 056990 and a (Pf)giri nfgns

angl e difference between ne&3tifed and estima i i
_ ( nce | ted bearin
iteratively mnimzed and on reaching the m ninmumthe gs??%;SZdls

position provides the target paraneter optim i
. ) : zed
the display/ -anghﬁ,h@t%ég‘ﬁdd&ﬁ ﬁgaé%ﬁ* 6§oggggﬂng'gycl e of ZOlng Ce)g L]?r

successiye processiragteyclzest ah thetpossi bl e solutions for the target

parameters to be determn | ueal i i .
10(Z(i,j))andr egﬁéctal \Peq%a%?tyfngf c.g%l%)r/écgfrg@tf ratents {arget 1y nckie

Erga?:ﬂ e (Qi, lptorearranusdr S0 rid/Vrs n@ﬁ??gégé%%%ﬁ%%%?%;éﬁ?éor
5 best Jtézéetca{‘rnggfq?tc%&my“%éﬁiwu a\zsurmﬂ taegetutw ek e XRAGERT N

| Zhest) .15 i
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designed to 20determ_ ne,, for_ .al '
I gne grmone, . A & Rl walddyntafort ar .t racks
(z(i, j)), a fuPdEYdrget Yo I]J[OI on (25) of the té)rnggtcg%térxa

predetermned tine interval fromthe target paranmeters associ ated

with the respectiye JAnGe! 44 Ak iRepei allatr &g target course (Q

characterized in that
15 an additional reciprocal course area (G2) is
determined for the case in which there is a best
reciprocal course solution  (Cgegen) wherein the
additional reciprocal course area (G2) 1is smaller
than the previously determined reciprocal course
20 area (Gl), and
for a plurality of the target tracks (Z (%, j)) the
future target positions (25) are highlighted
graphically and/or numerically within the future
expected area (42) in the solution space,
25 especially as arrowheads, for the case in which the
best reciprocal course solution (Cgegen) Llies within

the additional reciprocal course area (G2) .

A device for determining and displaying possible

Ne

30 target parameters associated with a target,
especially a target range, a target course and/or a
target speed, which can be determined by
directionally selective reception of sound waves
emitted or transmitted by the target by using

35 bearing angles measured by an arrangement of
receivers of waterborne sound of a sonar receiving
system and estimated bearing angles that are

determined from estimated positions of the target,



25t he target speed (V), a display unit (26) that is desi
_ , esigned to
determ ne a future expected area (42) fromthe future ta?get

posi tions(25)detern ned by meansofthe cal cul ation uni 4
qual ity indiWoae6i8/383848ci ated with sat O target p%%ﬁ?éﬁgi%gt%%%%
to display said expected area (42) on a display device (27), another

cal culation unit, 28) that, i sy desigreddierdetarr neeawean i

- - - @$
space (34) indicating 35t hre If)%ssi bl e solluti ons for ?hz t gglngf ;p:gabn
(R fromall oraadpl upaFiTytof t DG ackRSYHZE, YY), ﬁle s%{ ut:?%n
conprising an i Rihiakzeanged R) mssdciras echeniniinimen ridspees | ieated

target track and a. WO 2012/ 143348- -P 012/,056990. 4 i
range(Ra) with PRETASSBci RESYGUAI | tt?)]Bel nc]zlggﬁ%;@r nd a sol u%: gﬁfs ace

modul e ($2) t habpismdesidgnedltbidat efed neche sELePileY spaBe cBREETHT ng

the possible 5_target paraet N ceypl i
tésesrt he f udanr £

expected area (25?} ‘tahe range Eg% Cttftgi on&%pacg@(SM) ~and/ or thﬁesgggi

target track (Zbestpssang toPuPSPFay e hecéfgﬁ@ gra(bﬁi cahley a%%?or ©

Pﬁ"ﬁ[;fﬁ: '9y on the diisplay deyicet@7) .tdiyehd. Theadeticss astel ai ped
determined a plurality of different target tracks
10 (Z (1, 3)) and respective quality indicators,
especially a quality measure (O(i, 3J)) or an
inverse and/or normalized quality measure
(Qiny (i, 3)), can be determined for each assumed
target track, wherein a Dbest target track (Zpest)
15 giving a best solution can be determined using the
guality indicators associated with the target
tracks (Z2(i, 3J)),
characterized by
a calculation unit (24) that is designed to
20 determine, for all or a plurality of target tracks
(Z(i, 3)), a future target position (25) of the
target for a predetermined time interval from the
target parameters associated with the respective
target track, especially the target course (C) and
25 the target speed (V),
a display unit (26) that is designed to determine a
future expected area (42) from the future target
positions (25) determined by means of the
calculation unit (24) and the quality indicators
30 associated with said target positions (25) and to
display said expected area (42) on a display device
(27),
another calculation unit (28) that 1is designed to
determine a range solution space (34) indicating
35 the possible solutions for the target range (R)
from all or a plurality of target tracks (Z(i, 3)),
the solution comprising an initial range {Ro)

associated with the respective target track and a



characteri zed by a threshold val ue detector (20) for determnin
those target tracks (Z(i, j)) whose associ ated 15((:]ual)ity i ndi cators )
especial Iy the inverse and/or normnalizedquality 1
nmeasur e( ai r WPi 2P}2/h43848xceeded at |east one pred%(f%/rﬁr"ﬁ%@dz{%?%gs%%l d
value. 20 11. The device as clained in either of the claims 9 through
10, characterizegd,py am®aps ofrgenenathngtiect erssdaiemeche qaa ety
parameters (C R V) associ ated with the target tracks (Z(i, j))
wherei n the end'PBifAeEC6f Pfle 25 vectors represent the future
regggct edI a{ ea (42)soltdteiat aspeng poiditle of 3¢ he thedt ots Idesiigmecheto

e solution ce (34) _an cdir Lon ; t f -
vectors can be §§?8Pﬁa&ﬁ8d aus|§Cﬁfg‘g‘"btfe]hcgrg pggé{;gl gogglg&b?g%srﬁ%ér) E’E%}@%glre et
course (¥) and thegear getaB0wgesd (V) vhioh TRETHEVFEE as-'é ai ﬁéﬁu]f%
any one of the gkgbggeg tdvougha i, characdeyd zedi1byidba syears 034)
generating a vector fromthe target paranmeters, (C, R Aass iaf
with the best targéert &k ey th2 Y6 901 bfat3>34§a-“\%9 8oL £
- PCT/ EP2012/ 05698@ ashRansgebpgtiaphigal byddospl ayinagisal dyveebortia
t he sol ution spgge, espgci ally (@%,an arrow wi th an arrowhead.

splay dévice
10
10. The device as claimed in claim 9,

characterized by

a threshold value detector (20) for determining

those target tracks (z(i, Jj)) whose associated
15 gquality indicators, especially the inverse and/or

normalized guality measure (Qinv (1, 3)) have

exceeded at least one predetermined threshold

value.

20 11. The device as claimed in either of the claims 9
through 10, characterized by
a means of generating vectors from the target
parameters (C, R, V) associated with the target
tracks (Z(i, 7J)), wherein the end pointe of the

25 vectors represent the future expected area (42),
the starting points of the vectors lie in the range
solution space (34) and the directions and lengths
of the vectors can be determined using the possible

solutions for the target course (C) and the target

30 speed (V).

12. The device as claimed in any one of the claims 9

through 11,
characterized by
35 a means of generating a vector from the target

parameters (C, R, V) associated with the best

target track (Zpest) and



5 13. The device as clainmed in any one of the clains 9
_ _ t hrough 12,
characterized by a boundary trajectory nodule (SO that is dgsigned

to determ ne boundary trajectories (52, 54, 56) f

paranet ers WQ, 2R12Y}4884Be deterningdj3%%i%h c;n Eé9*2$%%éiéﬁééfggo
within the solution space as lines for a better display of the

sol ution space. ;1% s The 41561 @51 Ty adreg lepiany omed ofrechercl & ms
9 through 13, characterized a recigrocal £our se gal gyl ation wnig
(60) for deternFﬁPn&Oéﬁﬁ%ﬂQnﬁéﬁﬁ%m AROT Mt TRl “Fedl procal 20 course
sol ution that carrbendetierm ned froma reciprocal course (Cgegeri)
and a"reC|procaI course area (Gl) spanning the reciprocal course
(Cgeg"). 13. The device as clainmed in claim14, characterized,in
25t hat the ﬂ80|mbepakﬂcbuaseSc&ﬂ@Gmﬁﬁidﬁ1uﬁPY 66 %% 4§ §iéﬂéﬂﬂFb 2
determ ne an additi,g gllbgciprocal course area (&) for the case in

whi ch a best reC|pro@aI course solution (Z i i
est ( , gegen) exists, wher
30t he addi ti onakhpeeichrsddedcdirse area (GQ)gis)snaIIer t han ?Lg

previously det epmpedd-86} Pf e£ ceory seodnga ((GO) drch it hies s@eai gpad
space nodul e (32) is designed to graphica d/ or me

hi ghlight the f&Curét8s ggﬁwﬁbsﬁfg‘!ﬁg&a}l(éz%t)%wd%sﬁi %@'he%ﬁ?ﬁfg Hor
expect edoar ea (42 itmsitdwet sphutinehespadé f ot aVpl GealPe yogEeFhaneds

target tracks (Z(i.,..J) t ' i1Gh -
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space.

15 14. The device as claimed in any one of the claims 9
through 13,
characterized by
a reciprocal course calculation unit (60) for
determining and displaying a potential reciprocal
20 course solution that can be determined from a
reciprocal course (Cgegen) and a reciprocal course

area (G1l) spanning the reciprocal course (Cgegen) -

15. The device as claimed in claim 14, characterized in
25 that
the reciprocal course calculation unit (60) 1is
designed to determine an additional reciprocal
course area (G2) for the case in which a Dbest
reciprocal course solution (Zgegen) exists, wherein
30 the additional reciprocal course area (G2) is
smaller than the previously determined reciprocal
course area (Gl) and
the solution space module (32) is designed to
graphically and/or numerically highlight the future
35 target positions (25) within the future expected
area (42) in the solution space for a plurality of

the target tracks (Z(i, 3)) for the case in which
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the best reciprocal course solution (Zgegen) lies

within the additional reciprocal course area

(G2) .



