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35 bound conparison arrangenent |ikew se controls a port which is
provi ded between the register and a display, in order to display
confirmed bearing angles as -9 a contG@nuation of the associ ated
bearing trace in an intensity plot, in each clock cycle. Further
advant ageous enbodi nents of the direction-finding method according to
5 the i nvent!l GFFeARI deferiife the quadityi & nfestiapied beadnaalraast Wihna Resdiatesl ng

to the i nverﬂeamg Mdid a B‘B!y%‘fécﬁ[ﬁ&i mfernQiW Eﬂé%qdﬁaewﬁ%uz‘éh%taﬂ&m@nd
fromthe exe whi ch be ex&@al ned in nore detail
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the data fl @ﬁ/thehsqnhéf he@erociated eievra cemPidiD Meastreignt eforsiing@stma-
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trace No. 1xw@dmdmb bbénr@'s:?nglw\ieﬂﬁbslt@ lr’ﬁt@ﬂéith&lam&f& Iand;thb gréaténfle | hﬁadel -
obtained b rediction t he bear angle for the ti t = . For
Chi o par posdBEEES e Brefeishes ehp 1 PRRGREoID ectepanties eee ik ¢ -
k -1 on the di@wrgra@emtramdehMpre;Lﬂaeahsbmahcri@ feorg tre SBmetedioehribg trdde 1 S
predi ct ed f%&ﬂ%@%ﬂé me t k, based on historical measurenment data up
to the ti 30 The subel enent TS has a linear profile over

time. TA& bearing rate or gradient of
In order to reduce the required calculation capacity, according to a further advan-

tageous development of the direction-finding method according to the invention,
a gate value is introduced, by means of which pairs whose probability of associa-
tion is below a predeterminable value are suppressed.
20
The quality with which the measured bearing angles are inserted into the previ-
ously estimated bearing traces is of interest. For this purpose, a trace quality is
determined from the association probability, with the aid of a logarithmic likeli-
hood quotient. The likelihood quotient is known from radar technology for tracks
25  of target positions, and is described, for example, in Chapter 6 of the book "De-
sign and Analysis of Modern Tracking Systems" by Samuel Blackman and
Robert Popoli, Artec House, Boston, London, 1999. However, no target positions
can be tracked in passive sonar installations, since only bearing angles are
measured and the distance between the direction-finding installation and the tar-
30  getis unknown. The tracking direction-finding method according to the invention
is based on tracking bearing angles which form a bearing trace when they are
associated with one and the same target. Bearing angles and possibly trace in-
fensities aré estimated using the predicted bearing ang!és and possibly intensi—‘
ties, and bearing rates and possibly intensity rates, together with measured bear-
35 ing angles and possibly intensities, and bearing traces are determined therefrom,

and are displayed.



the bearing trace 441k -1) for the time t = k -1 is determ ned by
regression analysis from-the sequence of the associated nmeasurenents
up to the timet = k -1, using a standard deviation c*(k - 1) . The
two bearing angles eras(k) and 02Pl1l' 8(k) neasured at t = k are tested
using the predicted bearing angle - 10 - neasured bearlng angle O
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an estimation ter hi s assocl atl on
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predicted bear Wﬁcl@lﬂgﬁ ﬂwe@?make’ & thd horn¥izdB¥afdticE*RFBaBon b&tiveen the
estimation filter a Kalman filter, which al so

in
carries out MREIRHGHEREse 8%@8%\%1@@?.'% qubliggtediar pachi keapny fRFain
esti mat é8 beach odigclangle Adt)a, prbhaemwébléamgbagafgﬂi?l eecar?lyedekenhmydk)
ft f r.edi.ct or tine . =
T tor the ol Heftenss which Shatio fhe SrRIERHES Fiod i b abe Bty 5
follomnng bl ock dlagran1 Figure 2 shoms a bl ock diagramof a

di recti on- f"l’ﬂg'a'agar{tib%gadf tAd hQwartNEmSodih O dr G m(;&ﬁ%la‘(rvitﬂga gdgona 1
fornms directional acteristics I1n naln recep I rectlons
finding installation correspond to those which have been stated in conjunction

20  with the direction-finding method according to the invention. Different direction-
finding sensors can be used in this case, which each comprise a receiving an-
tenna and a beamformer. The receiving antenna is designed for different recep-
tion frequency ranges and, for example, comprises a cylindrical base, a flank
antenna, a towed antenna, a so-called conformal array or conformal transducer

25  arrangement, or a planar array or planar transducer arrangement, as well as their
downstream signal processing algorithms, as stated in DE 10 2007 019 445. The
array signals from the beamformer are evaluated in the direction-finding installa-
tion according to the invention, and are used in order to track targets by tracking
their bearing traces.

30
it is particularly advantageous for the signal processing according to the inven-
tion to use a Kalman filter for the modeling of the linear approximation of the
bearing trace, the prediction of the bearing angle and possibly intensity from
most recently determined bearing angles and possibly trace intensities and their

35  estimation errors, and for determinihg the instantaneous bearing angle and tracé
error. The probability of association of a measured bearing angle and predicted

bearing angle, in pairs, is determined in a separation calculation stage, taking



I, Il,which are separated by an angle AS from one another. Signals
re- 25 ceived by el ectroacoustic transducers 2.1 to 2.n are each
added cophase in a beanforner 3 after-8 propagation tine delay,
governed by di stances between each transducer 2.1 to 2.n and a
reference line B, to formarray signals of the directional
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beari ng angl e, beari'ng rate 4 I1s very Subsequent |y,
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direction-f ltrggé R%eleted. If the trace guality is between the bounds, then the provisional,
~ estimated bearing trace is either confirmed by further measurements and the
trace quality increases above the upper bound, with the bearing trace becoming
a confirmed bearing trace, or it is not confirmed and the trace quality falls, until it
25 falls below the lower bound, and the provisional bearing trace is deleted. It is
likewise possibie to display and to mark the entire length of a provisional bearing

trace whose trace quality is above the upper bound T, in the most recent clock

cycle, such that these bearing angles, which have already occurred, can be
added in accordance with a so-called target motion analysis, for example in order
30 to passively determine the distance to the target, as is stated, for example, in
DE 10 2007 019 445. For this purpose, the bound comparison arrangement at
the output of the trace quality calculator is connected to the register for the bear-
ing traces, in which the bearing angles of each bearing trace at the oufput of the
Kalman filter are registered, together with the trace quality. The output of the
35  bound comparison arrangement likewise controls a port which is provided be-

tween the register and a display, in order to display confirmed bearing angles as



installation according to the invention are used to predict the
bearing angles .of 20 these bearing traces on. the nodel assunption

t hat subel ements of the bearing traces9are |inear and that their
gradient is constant in places, that is to say the bearing rate is
constant. The prediction is made by estimating a state vector with an
estimation e egrtinuptioniofithe pasedated hergdtrang inddhtensily iplat.de ®adh cloclpr oz,
4 pm 22 andwgl proz, c ei proz in a covariance matrix Qin a Kal man
filter 5. The stiffness 250f the filter is set by neans of the preset
or variable strength q with gqe for the bearing angle and ga for the

anpl i t ude ofFuathePhSRNRYHSERSSMboliMerPNRRE fagé‘c?ioﬁmﬁdsﬁ%mghbb%&ir&hg&to
becones: 5 t%ez iﬁventio%Tgr%ooff t%g -cfirzaétlonginging insté!la)ic%( ragcording o the invention
will become evident from the dependent claims and from the exemplary embodi-

ments which will be explained in more detail with reference to the drawing, in

which:
10  Figure 1 shows a bearing/time diagram with one bearing trace,
Figure 2 shows a block diagram of a direction-finding installation,
Figure 3 shows the profile of a trace quality plotted against time,
15
Figure 4 shows a block diagram in order to explain the data flow in a sec-
ond exemplary embodiment of the invention, using a multihy-
pothesis tracking method, and
20 Figure 5 shows a diagram in order to explain the data flow in the block an-

notated MHT in Figure 4.

Figure 1 shows a bearing/time diagram in which the bearing @, plotted along the
horizontal axis, is shown against time, plotted along the vertical axis. This dia-
25  gram shows a subelement TS of a bearing trace No. 1, which is estimated up to
the time t =k -1 and is obtained by prediction of the bearing angle for the time

t=k. For this purpose, starting from a bearing angle ®(k-1) for the time
t =k —1 on the bearing trace No. 1, a bearing angle ®”"®(k/k —1) is predicted
for the time { = k, based on historical measurement data up to the time t =k -1.
30 The subelement TS has a linear profile over time. The bearing rate or gradient of
the bearing trace &k —1) for the time {=k-1 is determined by regression
'anaiysis from the seqhence of the associatéd measurements up tb the time

t =k —1, using a standard deviation og(k —1). The two bearing angles ©°*°(k)

and ©;°*°(k) measured at =k are tested using the predicted bearing angle

35 @®P(k/k-1) for association in pairs with the bearing trace No. 1. The first
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measured bearing angle O is at the distance a=07"“(k)-0"“(k/k-1), the
second measured bearing angle ®7°% is at the distance 5=07°" (k)@ (k/k—I)

from the predicted bearing angle ®°"®(k/k —1). First of all, the probabilities of
possible association of each of the measured bearing angles with the predicted
bearing angle are determined by means of the distances a and b and measure-
ment and estimation errors with the aid of a squared, normalized statistical sepa-

ration. In the illustrated example, this distance is less for the pair comprising the
measured bearing angle ®™*(k) and the predicted bearing angle ®°®(k/k -1)

than for the pair comprising the measured bearing angle ®3;°°(k) and

®P"® (k1k -1). The probability of the association of the measured bearing angle
@;°* with the bearing trace No. 1 is therefore a maximum, as a result of which
the measured bearing angle ®°* is associated with the bearing trace No. 1. A

bearing angle ©(k/k) for the time t = k is then estimated by means of an esti-
mation filter, on the basis of this association, that is to say taking account of the
measured bearing angle ™ and the predicted bearing angle @ (k/k -1).

By way of example, this estimation filter is in the form of a Kalman filter, which

also carries out the abovementioned prediction. On the basis of this estimated
bearing angle ®(k), the next bearing angle ©P®(k +1/k) after a further clock

cycle T is predicted for the time f = k +1 for the bearing trace No. 1. This proc-

ess is illustrated in a following block diagram.

Figure 2 shows a block diagram of a direction-finding installation. The cylindrical
receiving antenna 1 forms directional characteristics in main reception directions
i, I, iil..., which are separated by an angle A® from one another. Signals re-
ceived by electroacoustic transducers 2.1 to 2.n are each added cophase in a
heamformer 3 after a propagation time delay, governed by distances between
each transducer 2.1 to 2.n and a reference line B, to form array signals of the

directional characteristics, and, depending on the directional characteristic, pro-

duce an amplitude &™* and a bearing angle ®"*“ . Instead of the amplitude, it is
also possible to use a corresponding level or, in a general form, the intensity of
the signal. Measured amplitude and measured bearing angle form elements of a
measurement vector. Intensity plots of the intensity (amplitude or level) of array
sighals from adjacent directional characteristics are displayed on a display 4 in

each clock cycle T as a function of their main reception direction as bearing an-



proz 0 0 22 pnz Ca* proz 2 2 "aicproz '8Fhoroz whereT3f3(T)=T b5A
state vector xPre(k/k -1) to the instantaneous tine relating to.the
timet =k is predicted in a predictirdi-part 5.1 of the Kalnman filter
5 on the basis of a trace state vector k(k -1/k -1) with its elenents
of estimated bearing angles o(k -1/k -1) and estinmated trace.

anpl i tude e(¥es i@ Wordsteciing of thepringr angies whick fndirgte the dieetiqsy teseayndt i me
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dere (k k predi cted bearing angle

“1/k -1)+ Og%FRSS“’f)‘“*‘?“%??é oveidhp sape étewg@@a&emﬁgm%m@q %e%ﬂas éra‘fwf ek - 1)

= (kk -1/ k thigel faget ttdee) whieklisclppebadiiig tHelit@ction-finding beam of the direc-

5 tion-finding installation, or is moving away from the direction-finding installation.

Successive intensities of a target moving past, as a bearing trace, have an arctan

profile over the bearing angle, in which case the bearing angle changes little over

time when the target is a long distance away, and the bearing rate & is therefore

low. As the target moves past, the bearing rate & has a greater value, and as

10 the target moves away it once again assumes a lower, virtually constant value.

Up to t =k -1, the bearing trace No. 1 exhibits a virtually constant bearing angle,

and the bearing rate & is very low. Subsequently, the bearing angle ® changes,

and the bearing rate & assumes a different value. The displayed bearing trace

No. 2 does not start until { =k, because a target was detected at this time. The

15  bearing trace No. 3 ends at t = k-2, since the bearing trace was deleted at this

fime.

The direction-finding method accoroiing {o the invention and the direction-finding
installation according to the invention are used to predict the bearing angles of
20  these bearing traces on the model assumption that subelements of the bearing
traces are linear and that their gradient is constant in places, that is to say the

bearing rate is constant. The prediction is made by estimating a state vector with

an estimation error which is predetermined by model variances 0'(%, proz» 0(2& proz

and ag, proz> O';,z proz in a covariance matrix Q in a Kalman filter 5. The stiffness
25  of the filter is set by means of the preset or variable strength g with gg for the
bearing angle and g, for the amplitude of a noise process. The covariance ma-

trix Q therefore becomes:



aPre(k/k -1) = 6(k -11 k - 1) + ikk -1/ k - 1) T and its predicted
time derivative, which is referred to as the anplitude rate: Rre(k 1k
-1) = ack -1/k -1), whi ch takes'8ccount of the nodeling of the
subel enent, with a covariance matrix 20of the estimation error:
PPre(k / k -1) = F_ P(k -11k -1)FT + Q where 17- 00 0100 001 T 0001
as a transition matffilN9éol2@ e dyrmi ¢ p®ocess of nodeling.

I nstal | ation-typicak(Mggsw(@Emgnt esrors @-sars are determ ned for the

S5neasur enent vecto I z (k)= crav; -at the output of
t he beanforner 3, igh cont ai ngﬁgﬁl’ tﬁgjgae ring angles (r)r(k) and
anpl i tudes a"nk) astred f&t tHa!dfaref3t7 A ,  Whi ch measur enent
errors are exam ned, together with the predicted bearing angle
oPre(k/k -1) and |tFferroA 0 %psamizct ed® anpl i thde| aPre (k | k -1) and the
respective estimRon errgz Pijre(g | k -gl) | n-a separation

cal cul ation stage 8%Pfsr tfﬁé"’br obability of their association in
pairs with a predi ct®ed bear®ng tqrég,ez. %L S purpose, a squared,
normal i zed statistical sepaéatioana d? d?(k / -1) = yT (k k -1)
S-1(k I k -1)- ylk 1"k -1) Where a#Bptk I&Emkoz-1) = z(k)- H(k k -1) is
determ ned between all the pairs of bearing angles and gnplitudes,

w th the sum of ,jhg ﬁwgrfg_d bearing sapgl ¢ di ffereryc(q)gi_'of t he
squared anplitude differefice y being related to the érrar sum S(k k
-1) of the neasurenent error R and the estimation error PPre(klk -1)
predicted fromt =k -1 tot =k, and the 20 probability of

associ at ison A sta visior MRt taenhs fsahRdeousainidtdiaiag t6 thattingd ¥ cal
separation d? is a mnimm The association algorithmused there is
known as t hés eIRRfciastindderedistionirertdels ef thp &ainoast Higr & andae basis pf & trace
cal cul ati on sidte Dacldh 40071/R19) 4dfn iBSIRMARP RS alstiPBtedab&atingt biflesSt age
6 is followed by a gate circuit 7, by nmeans of which pairs with an
excessi vel y d@w 1aksociaad isstimpieo iedak | dniplitaieesdel 1@k ed). ahorihdihisRes of

pur pose, the nornmalized statistical separation ce is conpared with a
gate val ue change at the present time for the time f =k -1, as:

OP® (k/k —1)

re
10 Xpre(k/k_1): éd) (k/k-1) :F-X(k—1/k—1)

aP’®kik-1)
& (kik-1)

with the predicted bearing angle
OP (ke k —1) = Ok — 1/ k-1 + Sk -1k -1)-T

and the predicted bearing angle rate
&P (ki k —1) = Stk —1/ k-1

15  and the predicted amplitude

aP(kik - =ak -1k-N)+&k -1k-1)-T

and its predicted time derivative, which is referred to as the amplitude rate:
k1K -1y =Kk -1/k-1),

which takes account of the modeling of the subelement, with a covariance matrix

20  of the estimation error:

PP (kik —1)=F-P(k -1/k —DFT +Q where



- 14 - PDSO G- 21In (1- PP) ' (270M 2 PFA VI S1 which takes account
of the sum S of the neasurenent errors.and estimation er- rors. In
this case, M denotes the dinensional r#§-of the neasurement vector

whi ch, when the bearing is used exclusively, is 1, when the bearing
and the in- 5 tensity are_used is 2, and which is 3 when using the
bearing, the intensit¥ 8n@the frequency. Furthernore, in order to
preset the gate vaJue1Gp @ |detection probability Pp of detection of a
target with a diffe 4i@nal ygharacteristic is selected froma density

/[ 3NT to be expectee'oguﬁeqdy detected bearing angles in each tine
interval T in the azi h ‘panorama or azi muth sector of the

di recti on- f i.9Qi ABsitidPmahR ¥ thdyr@Mvic GBS of ﬁ%é&in?' arm probability PFA
is selected froma density ,6FT to be expected of false alarns taking

account of the angle separation AO between the nmain reception
directions hiage ' [ har acter LSt | Py r (o]
applies to ?%%é%ﬁ%?? %%eg%a%%&gﬁg %gﬁ%sg%ohﬁﬁisiﬁg Pﬁ%”ﬁggiz?gkﬁnt
vect or f beastdapyretriest yckdi ct ed state vector xPre(k / k -1) and their
errors are supplied by neans of a subsequent measurenent data

associ ation stagesg,tiP®a Fter stage 5.2 in the Kalman filter 5. The
trace state vector ,(K*Ik)| for the time t =k is determned in the
filter stage 20 5.2 fromthe predicted state vector xPre (1 k -1)
and its est iabieicoipubofribe b&Pnfernfde 3k which anataink ell ined®anmgangdsu@¥“{@as ( k)
and a nmeasurenment covariance matrix Rfor the tine t = k for each
beari ng tra@edampliugescy="gipmeeasured fqr the jime tk,4¢high mpReoyement efrors - 1) |

with the neasurenment matrix 25H = 1000 0010 anqm;he mat ri x
. are examined together with the predicted bearing angle 8™~ (k/k—1) and the

10 predicted amplitude a”®(k/k-1) and the respective estimation error
PP (k/k —1) in a separation calculation stage 6, for the probability of their as-
sociation in pairs with a predicted bearing frace. For this purpose, a squared,
normalized statistical separation d12

di(klk =1 =y  (kik-1)-SWkik-1)-y(k/k 1) where

15 y(k!k—1) = z(k)— HXP"® (k1 k - 1)
is determined between all the pairs of bearing angles and amplitudes, with the
sum of the squared bearing angle difference and of the squared amplitude differ-
ence y being related to the error sum S(k/k —1) of the measurement error R
and the estimation error PP (k/k —1) predicted from t =k -1 to t =k, and the

20  probability of association is a maximum when the squared, normalized statistical
separation d12 is a minimum. The association algorithm used there is known as

the GNN method, and is described using a cost matrix calculation in
DE 10 2007 019 445.

25  The separation calculation stage 6 is followed by a gate circuit 7, by means of

which pairs with an excessively low association probability are deleted. For this
purpose, the normalized statistical separation d12 is compared with a gate value

G



K(k)= PPre (kI k -1)HT[H PPre (1 k -1). H/ R as well as the
covariance matrix of the trace error to be 13(k I K)=p _
K(k)1-11 PPre(k k -1) - K(k)HLT + K(kKJ&R K(k)T 30with the unit matrix
t - 15 - This trace state vector k(k / k) fornms the basis for the
prediction of the next state vector xPre (k |I k +1) and the
estimation errorg in(K lde)A@orthetlrret =k + 1. Atrace

qual ity cal cul at or F fappﬁﬂ‘ul ation stage 11 for determ ning
a 5 trace quality L roma I|keI| d quotient, in logarithmc form
and a bound whinhtakdssaoowhe ot the shizh $0fthéaﬁa'sugnteh99rtdraeﬂd gatdatibyet=, to
det erm ne her SSQC el I r

di spl ayed \t,)w? % i hté%r%?%gﬁndeﬁ&%gt %m%g halﬂfrogétze gprre% Pi'e 'qggt \Z%E%r or
shoul d be chmwlbewhémmertmanm ISdeleeteedusNEHbe i &l wherathe draring and tbeage 11
|5 connest eerlly Li3Gsb@RY. i fich & 4 iferPiliithe BharlBCibiribBly Siage S- 2
of the 10Kalman filter 5, recei ves the er or estlmated
state vect oifrefiegney.| Fweme,t tn@r@s\iepmﬁt@emﬁ value 5 .ka fetrgtiogPretput
vari abl es, - @f’i‘&ﬁ the
square of t RATYSH SHIeRaREh of SRS ARl Sy EEASARERRETRIE ipeiCa

current traeedemsiy ifyy fo(thg expekleld of hewlyAletddied beeringranglkedn ieact hme

cal cul ation staqe 11 fromthe trace quality of the preyvious clock

cycl e and a'MeRgd!i {yinithe Paiet PACrARIR q’ﬁé‘%@é@?"&t potredtrestipafipdiagur ed

bear i ng 1angirtdnbtidh, bRE aFgbeHath pRBabiiit) 0P, N8 eBlected froRi £ Berkap & thbs
qual ity increment AL is calculated to bel AL = In PD AO d2
-1) + M | nbgerpequmgf false alarms taking account of the angle separation A® between

the main reception directions of two adjacent directional characteristics. This also

applies to the amplitudes.

15  The pairs comprising the measurement vector z™“ (k) , the predicted state vector

xP™ (k1 k —1) and their errors are supplied by means of a subsequent measure-

ment data association stage 8 to a filter stage 5.2 in the Kalman filter 5.

The trace state vector x(k/k) for the time { = k is determined in the filter stage
20 5.2 from the predicted state vector xP(k/k-1) and its estimation error

PP (k/k —-1) and the measured values z™*(k) and a measurement covariance

matrix R for the time = k for each bearing trace
X(kl1k)=xPC(kik -1+ K(k)[z(k) —~HxP® (k1K - 1)]
with the measurement matrix
NN

and the matrix
1

K(k) = PP (k1 k — 1)HT[H PPk 1Kk —1)-HT + Rf
as well as the covariance matrix of the trace error to be

P(k1k) =1 - K(H]- PP (k1 k =) -l - K(HT + K(k)-R - K (k)"

30  with the unit matrix /.



20 which is determ ned for each clock cycle T fromthe squared,
.nhormal i zed statistical separation di at the output of the separation
cal cul ation stage 6 and the square redd-of the sum of the neasurenent
vari ance a2nmea and estinmation van- 2 kances 2 ( Ik -1) and o--(klk-1)
. As expl ained above, Min this case denotes a t he

di mensi onal iTiis toefcetstate waderur(k entorue thedrasis Tdrahe pradietiqyuatithe yext siage

I ncreased or 25 decreased by the associated quality increnent AL in
each cl ock ogetorx7 (kakl+divend thewstimationiergr P37/ k-nl) Tar-thy timad =dn+ Upper
bound T2 1- 307-2 = 111(fi a - 16 - are defined in the bound
conparison arrangenment 12 froma predeterm ned probability a for the
confirmati o\ tiéceaqdalitysealdyaderi hgomprisee aacalcudatipn sthgeetinfondedtepmiobald | ity
16 for the ' A p%a? t . e ity L
S corrpalr3 edqﬁkghh?@eggo o%?l%?h 4O%tglﬁt’e{éte}g erl}t%ggaérqﬁ' ?é& ?(sb%gﬁ%lgée_ed, a
provi si onal PBEIN dRyicer1dde tpaing 4 fragectialing. igidsiarmipegvhettier thecasserier
bound T1 i s JARLERPtracs R inSH ARG bisPBRI B)3hé badfRgiahgldea (k) @hgthe
Provi si onal bearing traces whose qualities are between these bounds
are trace amplitude a(k), or should be checked further or deleted. The calculation

stage 11 is connected on the input side to the output of the filter stage 5.2 of the

10 Kalman filter 5, and receives the filtered or estimated state vector x(k/k) and

the covariance matrix ﬁ(k/k) as input variables, the measurement covariances

o™, o™ and the square of the estimation errors o-é (klk—-1), o-g (klk-1y.

a

The current trace quality
Lky=Lk-1)+ AL
15 is determined in the calculation stage 11 from the trace quality of the previous
clock cycle and a quality increment AL for the association of the measured bear-
ing angle with the relevant bearing trace, in which case this quality increment AL

is calculated to be:
Pp-A® d2(kik-1)+M-In2z
PFA\/E{ 2

20  which is determined for each clock cycle T from the squared, normalized statis-

AL =In

tical separation d12 at the output of the separation calculation stage 6 and the

2meas

square root of the sum of the measurement variance o and estimation vari-
ances O'é(k/ k-1 and aa?(k/ k —1). As explained above, M in this case denotes

the dimensionality of the measurement vector. Thé trace quality L is increased or

25 decreased by the associated quality increment AL in each clock cycle T.

A lower bound T,

T1 :In(i_)
-«

and an upper bound T,

30 To =:n(1" )
[24




stored until they exceed the upper bound or fall below the |ower
bound. Each 10 nmeasurenment which cannot be associated is classified
as the start of a bearing trace. If tHé-trace quality of a confirned
beari ng trace decreases because of the |l ack of neasurenents, the
bearing trace is deleted when the trace quality has fallen by a

pr edet er m nedfevedfined in $1hboyndotraiiarisery agangenisat dd fomn teherekeleunioeye of
the false al &BGA&W %z F&?rthé@&{?iﬂ'ﬁ'atféﬁq)f%ngsg%@éﬁr%dtr&%%drﬂlm@éteﬁﬁmed

confirmations of false bearing traces per sec- ond, and becones

smal l er, t hd’ff’%@/&*,‘ﬁy fﬂar%éhq)é%letrqagoftarta@%eean@ tiges. rﬁnﬁ‘ tagitracprualiype s
bound T2 is ¢ the probability ais low, that is to
say when onl yop‘g; tﬂé%o‘{‘fﬂ@ fal se bearing traces are permtted.

20 The trdace quali t| es produced at the output of the trace quality
cal culator ¢ gs gkt b&mdtms\é%éé@éd aeaioy.g%%egxngm?@c@%s eénﬁhpé‘d Eid ter

stage 5.2 of the Kal man fi°ter 5, supplied to the trace quality

cal cul at or Sisptayepr ibthecledleraltount! ST; Gsi lipdérshot,of priobisiobal ey &gl ie dand
the trace a I|t de are stored for each bearing trace in a regl ster
2513 and ar tﬁgssré’?j's‘(?ﬂa’\ﬂeémég e Whpse guzlies Gfes*i?ﬂt‘é{?/e”ﬁhe%ﬁ@?@d REy are
di spl ayed wistdrea umrthey\gxcw@enhé Dppdrraed @uadm Bafow thealbaeebéund. Bpgrer
bound T2, It _is poss Ieto he entire
Cength of° a BREVI T epERRR Polaefadted B P S Sl ot Aol | ase
cl ock cycl e texecittredrackaiualipef a bonfinted 2earggdtace detieatestivegeseddng ng
angl es whi Cha&ctgf’%%& dén?erﬁé‘%h@@éérmﬁ%&céltégelgfzed%q tLQ rtrapélﬁu;laf hé(se

determ nation o starnce to , usin
anal ysi s, adalles bytapredeterminedaseliigpl e, in DE 10 2007 019 445 F| gure 3
shows a typical profile of a trace quality 1. plotted against tinme t.

The Iower bound T1 and the g&{) bound T2 are shown. The bearing
trace i g°del BeicRPilfhens PRgeq pute “t‘j’ﬂ‘éﬂefjﬁ/"thhFé?'?%a'B‘@l‘ Eﬁf\???feseﬁﬁﬁ‘?nd

T1. Trace ql!ﬁahlthé aésn@al rﬁ&brﬁﬁ@n&etov\/@&mrmb@nbw alSe béaihgaﬁaeed%éme& onal
beari ng trace They

h are stored a C ste
are di spl ayéd 0ﬁ1"§/ WHERSS %@a'%éstaﬁ §%$%d£{s?3’ce§f'%§??%§/arﬁ 'g@tgﬁsij%
upper bound upger Bguthdf T,018 the@for® RighatHenathe PRdtabiMydo e agw, attis & eay

The trace quallty L of a provisional bearing trace as shown in Fi gure
3 falls unti®hen only a small number of false bearing traces are permitted.

20
The trace qualities produced at the output of the trace quality calculator 9 as well
as the values, estimated by means of the filter stage 5.2 of the Kalman filter 5,
supplied to the trace quality calculator 9 and produced at its output, for the bear-
ing angle and the trace amplitude are stored for each bearing trace in a register

25 13 and are passed on via a port 14 to the display 4, where they are displayed
with a marking when the trace quality is above the upper bound 75 . it is Iikewiée
possible to display and to mark the entire length of a provisional bearing trace
whose trace quality in the last clock cycle exceeded the upper bound T,, such
that these bearing angles which occurred in the past can also be used for pas-

30 sive determination of the distance to the target, using target motion analysis, as
is stated, for example, in DE 10 2007 019 445.

Figure 3 shows a typical profile of a trace quality L plotted against time {. The

lower bound Ty and thé upper bound T, are shown. The bearing trace is deleted
35 when the trace quality L falls below the bound T;. Trace qualities which are be-

tween the bounds indicate provisional bearing traces which are stored as such in



5the time ti , and approaches the |ower threshold T4, but w thout
reaching it, and then rises again, but first of all w thout exceeding
the threshold T2 . During this, it isihanaged as a provisional
bearing trace. At the tinme 12, the trace quality L exceeds the upper
bound T2, and the provisional bearing trace beconmes a con-
firmed bear ithe regisiere Thathare dismdayed oy e theyaslsocri%tbd drabg quality L ex-
predetermn r ex I for
exanpl e becg%gée(ﬂth%%p?&%ow%o ﬂarﬁﬁg% ?ﬁ%{e% ectgt3 g?(i:bgg b%éﬂ:ﬁ tfja%e tinme
period, the trace is deI et ed. I n order to initialize the
di rection-fimndi 0 I.n h n el at us
accor di ng tﬁgﬁ%ge éh g % ;%%%\gss?rga! E%an% e(‘racg X? fIlA |ng-"r;ge:.xtr$§rf§n1§§xﬁ{xilt t he
time 15t 5= 1he pnedu(andgapﬁloasmesrtbamreeﬂmeﬂhoMeﬁt butswmﬂ(omﬁ reatchity itiand
measur ed bearing an- g es _and possi bl a&l‘ltudes rqvi si gnal

¢ by

beari ng tradeen Sesagrf Ryt fits ofallthey eS8 MR oMh - WP s dur ed
l'itud ! N rin ra t ual
anpl I t ude "?%‘ %éé???éf a PRSi, 5?&3 8% de-ad R Thized, tl\(@?ré@eq ialfty L

(/) =Creas(/ ---am” The estinmati é6n error
pr edet er m nedcésﬁs th{ dgper b&nd. Tthmdumamev;quad! |bta§mngstrdoeb)ecewﬁes a TEbre
Kal man filter I S started usi ng these input vari -

measur ement ‘(/8%? braging frpge. d¥hen s kaneatyatity - tefieby 2 H@C’?"eﬂ“‘Red S*%“é& &or
vect or s 10Pr ekihpiesiarting frdnk e timle) t,akdTeRbiple técauby tRd @rdex esh 64 RAgand

the association in pairs with the present bearing traces is found
be detected within a time period, the irace is deleted.

In order to initialize the direction-finding method according to the invention or the
apparatus according to the invention, the first array signals are formed at the time
15 t =1, producing first measurement vectors z(1) with my measured bearing an-
gles and possibly amplitudes. A provisional bearing frace is started for each
measured bearing angle or measured amplitude, and a state vector x(1) is de-

termined, where

O(N=0""(I) and &(Dy=a""(l).

20
The estimation error is predetermined by:
P(1)=Py.
The trace quality is L(1) =0 . The Kalman filter 5 is started using these input vari-
ables.
25

my, measurement vectors z{(k) are measured for the time t = k. State vectors

OP®(Kk/k 1)
&kl k-1)
aP(k/k-1)
&' (k| k)

xPP(k Ik 1) =

are predicted and the association in pairs with the present bearing traces is found
in the separation calculation stage 8, and these are processed in the Kaiman
30 filter 5, if the probability is sufficiently high. The trace quality L of each bearing
trace is determined in the trace quality calculator 9, and the provisional bearing

fraces are noted in the register 13. New measurements initiate provisional bear-



in the separation cal culation stage 6, and these are processed in the
Kalman. 30 filter 5, if the probability is sufficiently high. The
trace quality L of each bearing tracei8s determned in the trace
quality calculator 9, and the provisional bearing traces are noted in
the register 13. New neasurenents initiate provisional bear- - 18 7
ing traces. iMr tgtesi Brraisidpelalveaniny ttraa@elsedoet’eocrmﬁmnif fheranipgl troeas; iongre
traces, or Q!re?et&e ! %taeﬂmctﬁ:% & tf\éf' %I:é aﬂal Ql%rrﬁ:ﬁ@tf?véN% cBﬁugé of the
det er mi ned over the course of the cl C here I's no new
measur emrent closk c¥cles ddheredsing agw mﬁjs*ﬂ"leﬁ\?é fOf peredigied bapsing frage Many

det er m ned Sﬁ@h@sﬁ’u‘é@éuﬂ!&%eﬁa’ﬂqméél Al AR Bn@ERUPEREH GFEBrebiictihg thenext
cl ock cys Accor di n% to the direction-finding nmethod descri bed
above, oacﬁ‘ﬁﬁtrﬁﬁo%céﬂ | processing is carried out, in which
essentially aII t he sound energy emtted over a wi de frequency range
IS consider every cpn- . 10 tanmed
h frequencres BB e ek P doa - BRE o Pt hirk SpRiay sthef
consi der ed @mecebsing ise:arnerdEire&mcmessestxa*Hheﬁ éfecsoendjemrgy eittethpvar a
Teasur eMent wEFHalueh) £Rod f doRSHkE PP ol DBASHIGERE Ui iG0: 204! ©
and a neasured I ntensi wever na |ve gnal processi ng
is carriled d&rited i faeqvaweﬁ/\pwﬁdw@nrﬁ sousl gpargy is meﬁqrﬁ@m eensiserasy

drawn bet wegRy gRtmealA @k&&%&%&?@%&h@@@@ﬁé Hﬁaéﬂgm&% edtbt Rk BFAR
signal processing, In the case of DEMON sig (g)roces& ng, the total

sound i nt ené?sttrft‘?de@@r'a%?f“ﬁﬁ’ %ﬁ@n%?r&%a%%m@aﬁﬁ? Ws&Bt i on i s exani ned

for the presence of arrpl i tude nodul ati on. Possible target detections
are found fr mthe lee dulatlons %atfor a (} onal
char act ori sHEPEVEle AIGTARS! JanTS0eeg STeeRbe BBt he
beari ng lassedh atcbsimmmrfbem’rgadrbwn Getweea soadlddbDEMODNsifrat groeassjngaard t he
I ntensi ty Ofs tcgl?edf 8% %%\l\al & ssang Ot“h(é\‘%agg gf ?% §f gg\aﬁrc essing,

soun en g I8k cy%l e

processi ng, PR SNt e _ y recor I'noon
per directi &he ol exudiintensity mcomeéqmem Fleek eyglet pen diseation @rﬁ?ﬁaa\k@drﬂm hm

25 finds pogg &E@eﬁc@%@@%pﬂ@&@ﬁnk&@%n‘c F’Ess‘?@&@r trd@fét:ﬁdﬁ@aére found from
CharaCterlstlc a detection CO”prlSlng earlng to the

target, t he“ﬁ@%ﬂ@maﬂ‘dafﬂﬂépﬁﬁfaefﬁéﬁ‘f i Q?F'Oﬂ%ﬁéh%@ﬁ"?f%ﬁwﬁinw algo-
frequengy | rithen, with delddtidtébnigriong tHd RBuag e¥sociatRInT the fargsi i MBdula-

consi dered arrowband si gnal c30 essipng. For this purpose, a
det ecti on |g 'bf]%ﬁ”%a'ﬁﬂﬁﬁﬁg?ﬂs%gﬁge BEHOFY @f%‘ch i ncl udes a frequency
as well as a bearing and an intensity. In consequence, the trace

state vect o, éd"'céﬂ@«? LOFAR s\?éqaf’ér%@%‘%ﬁ@d&hé'e%{?% soBEé’%?e%%xty I{Ag&d%? [Fdnie ' Ses

only a bearin errva
35 ferred tgloels cyqfﬁepge@ractv@ usaqxemmddomneqmﬂ@mmay oas:rv@me a!agnth!tns

time deps Va?:hdéepos‘é@!ectlér%e? dét%f:tﬁ:rné %?r éé&h%ﬁre&&%a! Ehta‘?éb?érfsﬂ Wit ddtBec-

contrast, the trace state vector for narrow band St ghal processing
addi ti onal | o esrppisigstha beping ieribs targetwiitel fragyenqysand; the intensity of the

corresponding frequency line.

In addition, frequency information can be considered in narrowband signal proc-
30 essing. For this purpose, a detection is given by a measurement vector which

includes a frequency as well as a bearing and an intensity.

In consequénce, the trace state ve_btor in the case of broadband signal process- '

ing comprises only a bearing angle, as well as its time derivative, which is re-
35 ferred to as the bearing rate, and an intensity as well as its time derivative, which

is referred to as the intensity rate. In contrast, the trace state vector for narrow-

band signal processing additionally comprises a frequency as well as its time



- 19 - derivative, which is referred to as the frequency rate. In
consequence, in the case of narrowband signal processing, the
covariance matrix Q has variances addd8-to it which are related to
the frequency and the frequency rate. 5 The direction-findi ng nmethod
whi ch has been expl ai ned above with reference to Figures 1 to 3
assunes t hatdesvai¥eaetichoin refprrereiesasitanrisertuensy refe- BxraRseaeBca dsibe cateed
with only ong raneivirdUsdnaP pRckdthal Cdovditinge WRDOM Has valiaicas Qlidecel SO
referred to as th% Si negae- ygo&hems traﬁklf,n nmet hod, with the

hypot hesi s rftéfysnRe [eted,i B EeHsnPoad tha e aRen @i enent i s
associated with one specific bearing trace. 10 Alternatively,
however, .the.inventian also provides for the us f a .

mul 1 - hy ot RS &rephondieg TRBRbAncl Res fren SRl tbors wib frerenes to

nor mal | y asdogires ¢tb diassungesphatreadstecfionbr maasyeement decio sactl Bddeasseci4
shows, in pryoei tiaf b serdfasur e-
ment data préé%bﬁéé@dgf}% %*n?g&g'gr%grde?%gita Cfg{'?%ﬁgﬁgd ?slejtg%efo?]e %‘chf 41,
produci ng a ¢ P8 thessinglehweathesitstracsing avrthods Wik khehtothesig apferiinn g then

whet her t he sgb@gtlonhAGe8sds0@nicht §ALEdcRibOMin MMl dpediidiBddriRYir@ée. br oad
bandw dth. In the case of broadband signal processing, this therefore
results n a measurement vector: 20 r" (k) a73 (k) J and in the

case of nar rigtehatekhsi igbvadver 6 SRgNion AsoTPRVIES BNthe/ &6k osf: a haRs (k)

vieas a7( k) The i.ndex j in this case denotes.a nmeasurenen

obt o ned. at PRRNETTERgeHe Relhp o ich S el RN SSRRse ¢
=1, ..., m k) withlzeplgtelite ot tagetstradesai ned al so 25 contain fal se al arns,
however, in addition to the true target detections. The measurenent
data is preferably read together with the current value of the own
course By nEigvee 4fshawside Rrinciple, the diatacliawnfor Bangthet Ruchiasf thisnMeprurgonar

i nstal | ati Ofgerk 48 PJr&RMEd A d SHrbPRsthPtbR R9d i Bib& £ pPdkding a tlist

detections for the k-th clock cycle, for broadband signhal processing:
of detections for each clock cytle, depending on whether the sighal processing is

carried out with a narrow or broad bandwidth. In the case of broadband signal
processing, this therefore results in a measurement vector:

QyieGS(k)
al?leaS(k)

J

20 z; (k)=

and in the case of narrowband signal processing, a measurement vector:

9}):905 ( k)
2, (k)= v (k) |.

J

an'rwas ( k)

7

The index j in this case denotes a measurement obtained at the time f=k of a
total of m(k) measurements, where j = 1,...,m(k). The detections obtained also
25 contain false alarms, however, in addition to the true target detections. The
measurement data is preferably read together with the current value of the own
course by means of a data read module in the block 41 from the sonar installa-
tion, thus resulting in the following lists of m(k) detections for the k-th clock cycle,

for broadband signal processing:

" o), o)
2 ;" (k), aze” (k)

M M
mik} O (k) ane (k)



O"(k), a;ne"(k) 302: 0714 are(k) MM mk) B,:7(k), a(k) - 20 - and
for narrowband signal processing: 1. 07"(k), vrik) a7(k) 2: O 00,
yr (k) ar (k) mk) 0;"7(k), Cr,(4(k)-827j (k) This data, which
corresponds to the conponents of the respective abovenen- 5 tioned
measur enent vector, is then passed on together with the own course to
a multi -hypoﬁﬂﬁé@ﬁ@fﬂowééﬂdwagpfééﬁssmsz The purpose of this block is to
extract poten- tial target traces fromthe data by checking all

detections On theiJr tigt,);gs;(]C egue fe%;,wxg determ ne whet her they can be
associated with a target ?\A h. A s ec(lfic prede- term ned notion
characteristic. I de%ec ol 46 t hese, which correspond in 10
time with a notion nodeM areMfound! a target state estimation
process is carri eddoutiu@peeldkLatdt) the notion state of a target is
described in the tracking systemby a state vector (to be estinated)
and an equation for nodeling the rate of change of the state vector.

The state vemtisodats) whith @brrédpends fohthe ab@@bnérts bhelteégectiveChinubmencl e
i mat es ,of .th var'é bl es whi are

in additi.on ins not .only es e

re- 15sent e oeraufl e B Enres Sadcortel B Tt BlioB
al so est i matregti-bypathesisriracking biotk dhafigepurpdsatof ifss blocksiaye ektorct pdten-
estimated bgaringt B Il r . d i

derivative, %or R%h_ea?etrse'g)&gtﬁgyu\%%yt%%%?geaihéeég%ﬁg%a et.ht%J gm%g%gc%)y t he
tinme _der iv att? \dét,e_rmfa? whidenirpy P@mel%a%eoqa Vet Tafgﬁfﬂéﬂth atspesifi§ geded by
t het ti rrf denémitddiRotidnthakicRARA B aNR sueh @S ek NGnich B&réthahdin
vector 1 er %}ne with a motion model, are found, a target state estimation process is carried
out. Specifically, the motion state of a target is described in the tracking system
by a state vector (to be estimated) and an equation for modeling the rate of

change of the state vector. The state vector x;(k) of the i-th target in the k-th

clock cycle in addition contains not only estimates of the variables which are pre-
15 sentin the respective abovementioned measurement vector but also estimates of
their rate of change, that is to say, for the estimated bearing ® , the bearing rate
& formed by the time derivative, for the frequency v, the frequency rate &
formed by the time derivative, for the amplitude a, the amplitude rate & formed
by the time deﬁvative. For broadband signal processing, the state vector there-
20  fore becomes:
[@;(k)]
& (k)
a;j(K)
| (k)

and for narrowband signal processing, it becomes:
(@ (k)]
&; (k)
vi(k)
(k) |
a;(k)
| &) ]

xi (k)=

xj(k) =

25  The change in the state vector is modeled by a linear Markov process using the

equation:



20 fore becones: and for narrowband signal processing, it becones:
01(Kk) - (k) vi(k) 4(k) al(k) 4(k) -21 - xi(k)= Fx;(k -1) + cii(k
-1) where F represents the transfer m@trix and q, (k -1) an

i npl enentation of a Gaussi an random process with a nean value 0 and a
known covariance matrix Q(k -1) (for the case of a white noise
process). The t ratidftdx;(katlrig(Hand t he 5process noi se covari ance
Q(k -1) result fromthe choice of the maneuver nodel A nodel is

preferably cHEERA (RRrESRNgdhe tiapgfer mato?id Oi(Kedt %\’/‘ﬁ’f’f*’é‘?ﬁ“@f‘ﬁ’”t‘ﬁeﬁ
targets on vdehishheRRSHLYALIRR & %b@%i@é Oaafn% PR/FF covariancd matrix

measurenent of an object is describ by the neasurenent process,

formal |y 10 ‘%‘&k rwe(f@rdbaﬁ?%mofza ]W@R‘) ﬂP‘ﬁ?(P‘PCWSQ k-ﬁhe ﬂraﬂsfqriénsﬁi@afs‘ @ne rﬁ’ﬁ]t
equat ' on r(gcg%s o%%uég}gﬁgﬁcten&t hrres h{ § ha’fr acth(%;hé \A}]he maneuver

proj ect i on from state Space space

defi ned fromddeow Roge ;sqfreftelfmzysdhamx WIGER @dscatbud Mam&sumemﬁnt of
vector) and v a wWhite noise process with a

f
mean val ue éé}%%%méwg'fi%eog’%%éa Vlaf'%'ﬁ éErﬁ)bas‘:f/ﬂ‘lere t he neasur enent

errors of the |nd|V|duaI vari abl es are con- sidered to be

uncorrel at e ml? gfecf‘:’ i rdg%cnﬁgef 'tr%%gasfui rﬁé}g LRIQLE idRhahy e

follow ng for road processin
1 by the equatlon

2 (k) = Hx (k) + v j(K).
In the measurement equation, H is the measurement matrix which characterizes
the projection from state space to measurement space (and which is defined

from knowledge of the state vector and the measurement vector) and v j(k) the

15  implementation of a white noise process with a mean value of 0 and a covariance

matrix R j (k) , where the measurement errors of the individual variables are con-

sidered to be uncorrelated. The measurement error covariance is therefore in the

following form for broadband signal processing:

2 0
0 mieas
R 7 (k ):{ 90 O.jmm :l

20  and for narrowband signal processing:
Opuew 0 0
2
R(k)= 0 Ol 0
0 0 O s

meas m eas

where o_,x € {0™" v } can be predetermined as selectable parame-
ters. For the situation in which the antenna used to produce the detection lists is

a linear antenna, it is possible to assume a bearing error ¢ mess which is de-
: 8

25  pendent on the current measurement z;(k), that is to say a bearing measure-

ment error, according to the equation:.

O'e

lsm(@’"e‘”(k)—é? (k))!\/

G gomess



0"- 2 0 cow 20 and for narrowband signal processing: a-200 es- Ocr?2
v'- 00 a where cc ,xeft9' ,vfle"s,ane"}
can be predetern1ned as selectable pakapet ers. For the situation in
whi ch the antenna used to produce the detection lists is a |inear
antenna, it is possible to assune a bearing error cromess ' which is

de. 25 penddnthi®BaseN @I GatiotdIRAS BERING RHInd Z47(K)) dérivdds the ahIithay oft
beari ng neasurenent error according to the equation: 0-6 Isin(07 eas

(k)-00 (k)) ltfe meb&drement2d ('kz ki St §od?§’e§@f 'a é«%&%fﬁw&dﬂ isHRRA AR dr e

beari ng and as (k) denot €% t he anplitude of the measurement, 80(k)
the own courtaﬁnefthead.a@eﬁ&rm%tanmh&@nas I LLgGakb CBngint] S g O\thg the

direction-findihg antenna, and 0-3 a sel %ectable constant.
mul ti - hypot hesi s tracki ng bl ock 42 uses a predeterm ned process nodel

and a pr %detﬁ{erﬂx rlé?ﬂ¥653?e§%rtﬁ£ﬁﬂ bB?v@'ﬁ‘% ubdd DEAELEHENGY FHYORE Ak LRf g€t

traces whi ch, toint oW ng text as tracks or traces,
can be spl i @ P*W@teﬁ’@ﬁﬂ Mﬁ@euramnﬁomdeisﬁomerqt¢ &cRembgr ofelafgst ghces

sequenti al |, idiopsh BURtAELRloWifS text ;Qﬁaéé% NeteLlat BE spht mto con-
nul ti-hypothesis tracking method Is a track |ist of the

10si onal and™BBhENY REAYISiANgLCKRCks RY regR of 3 Sr?qt‘?f?é'ak"kef’w’oé’l%’t?ﬂer&)’%ﬁt
conpri ses L h’afeSésaéfﬁz]fe\tﬂ(EﬁéJMUNlWBdihes'mtraMgC:ﬂémG@ isOd trbfi€lise 8t thagdrown
error i t he orm.o e n overa

o onabl 110t ¢ S Bl AR Gonlife SRUY, EER TR R £ 5 Chel e BRoPES SR the sate,
whet her the veetbewa(m drr iadikatios of dind estimestion istrof & théld)rmatbf&ﬂe beyvakibmceval ue

"1", or is prOV|S|onaI it Is indicated by the value "0", a counter
ZA(K), whi c fnatex iF{k} @n overall probablhty cj(k), a status mdlcator SA; (k) in order to

indicate whether the relevant track is confirmed, it is indicated by the value “1", or
is provisional, it is indicated by the value "0", a counter ZA;(k), which is incre-
15  mented (or decremented) dependent on whether the track / passes (or does not
pass) the sequential likelihood quotient test in the k-th clock cycle and an indica-

tor IN,(k) which indicates the track j with which a confirmed track i has a

resolution conflict.

20 A resolution conflict will be defined, for example, for the case of broadband signal
processing. If there are two targets on the same bearing, it is no longer possible
{o detect them separately. Target trace crossings occur frequently, in which the
bearings of two targets approach one another at an ever greater exient, then
therefore resuilting in a resolution conflict.

25

If the indicator /N;(k) =0, there is no resolution conflict. The covariance matrix
P.(k) contains the variances of the estimation errors of the individual compo-

nents of the state vector on the main diagonal, and the covariances of the esti-
mation errors between different components in the non-diagonal elements. The
30  state vector and the covariance of each track /i are approximated by a weighted
sum of a plurality of individual state vectors which touch, by allowing a plurality of
interpretation hypotheses in this method, for association of measurement data
with an already existing target trace. If, for example, track / in the clock cycle &

comprises n,-’hyp(k) hypotheses with the weights ¢; i), J =", 0 pyp(k), where



15 nmented (or decrenented) dependent on whether the track i passes
(or does not pass) the sequential |ikelihood quotient test in the k
-th clock cycle and an indicator /N, Rp-which indicates the track j
with which a confirned track i has a resolution conflict. 20A
resolution conflict will be defined, for exanple, for the case of

br oadband si gngd(kpisccedgaingumbdr, thiethe caerll prabability fretise toackiimtbe Sathe
bearing, it is no |longer possible to detect them separately. Target
trace crossifeK YeeBECTPBquent |y, in which the bearings of two
targets approach one gpgtdher at an ever greater extent, then
therefore resul tingdn3acrgepl ution conflict 25 1f the indicator
11\4(k)= 0, ther€’i’'s n =1re/sol ution conflict. The covariance matrix

Pi (k) contains the variances of the estimtion errors of the

i ndi vi dual clhepte vestor beggimashe state vector on the nmain diagonal, and
the covariances of the egti-.ymtion errors between different
conponents in the kf:n_-_dl_i*a L@I_(kjlxe ts. The 30 state vector and the
covari ance of eacif( ragR i ~arféd approxi mted by a weighted sumof a
plurality of individual stAte vectors which touch, by allowing a
plurality ofandib€t@magiikibebohypot heses in this nmethod, for

associ ation of measurementrg ta with an already existing target

- , {'l . . 1
o oyp(k) rypot TELBC gt She okl LT bRt /) Foy er EE e 2o

]

ninyp(k) is a natural nunbet, then the overall probability for the
track in the k -th clock cycle becones: ni, hyp(k) c1 (k)= X cid (k)

j-1 the state vector becones: 1 nlll yp 1 5x k. )= "(k) C(I()
By way of example, the bearing is therefore given by:

10 6;(k)= {Cm(k) -G4(k)+cip(k)- 6;2(K)+ A +Ci,n,-,hyp(k)(k)' ei,ni,hyp(k)(k)} ci(k)

The initialization of this multi-hypothesis tracking method will be explained first of
all. A total of m(1) tracks which each have only one hypothesis are generated

from the measurement data z;(1),/=1...,m(1) in the detection list in the first

15 clock cycle k=1. For this purpose, each measurement is converted to a hy-

pothesis state vector
xi1=HT-z;(K) i=1K ,m{1)
with the weight ¢;4(1) =1, and the corresponding state of the tracks is formed.

H' in this case denotes the transposed measurement matrix. An initial covari-
20  ance matrix P(1) = PO is provided for all the tracks and:

SA(1)=0, ZA(1)=0 and IN;(1)=0 for i =1...,m(1).

The procedure for an undefined clock cycle from a clock cycle k=1 to the clock
cycle k +1 is characterized by the following steps:
25

As the initial situation, in the k-th clock cycle, there are ng(k) confirmed and
ny (k) provisional target traces /. These have the state vector x;(k), covariance

P(k) and the overall probability ¢;(k), comprising the n; (k) hypotheses j



+(k)- x (14- x 00)11. By way of exanple, the bearing is therefore
gi ven by: The initialization of this nulti-hypothesis tracking

met hod will be explained first of allF24A total of m(1) tracks which .
each have only one hypothesis are generated fromthe neasurenent data
z1(1), i 1, m(1l) in the detection list in the first 15 clock
cycle k =1 .witop staie yepiar Pogé), @&eﬂrﬁma@uf@mﬂ hypsthesigwesighideiy &) a
hypot hesis state vector i1(1 zl—lK 1) wth the weight
cl1(1) = 1, Heae e |th@;3f§ tindigstort $s (k) e ke Gosntep ZAEK) - HT
in this case denotes the transposed neasurenment matrix. An initial
covari 20ance matrix 9(1) - PO is provided for all the tracks and: SAi
(1) = 0 , zAhe(tangettracegrpge pradiclet)asFolpvispp prediction for thg 1<)+1-th-|q$|z§:k cy-

procedur & f Qe ARaldDERIBEShcR hPSdheiC %ffartr(é&l A &1 P6ha&y 6f e &glanﬁ@s the
clock cycle k + 1 is characterized by the f ol 1ow ng steps: t he

initial sitwittheoprocess mhdellendfon tied edet ayatibe madebdnannics. frse lpyedicted
confirmed ang,is %,\@1 fyrovi sional target traces i . These have the
state vector Xxi( covariance (k) and the overall probability

H - -
ci (k), conprisi r}g?]et(kleﬂm;:hy,p(@) hypot heses | 24
and the associated covariance by
-
10 PPk +1)=F P, j(k)-F' +Q(K),
where F is the transfer matrix and Q;(k) is the process covariance matrix of the

chosen process model.

New measurement data is associated as follows: the m(k + 1) measurement data
15 z;(k +1) obtained for the k +1-th clock cycle is compared with the predicted hy-
potheses j of all the tracks 7. If the /-th measurement is sufficiently close fo the
predicted measurement for the hypothesis j of the 7-th track, that is to say the
relationship
Vijale+1)- 87 G+ 1)- v+ )< 2
20 s true with suitable 4 and the variables:

y,,,(k+1) z/(k +1)-H- xp’e(k+1)

Sijalk+N)=H PPk +1)-HT +Ry(k +1)

where R is the measurement error covariance matrix, then this measurement is
associated with the hypothesis.
25

Target traces are then corrected as follows: a total of n; ;j(k +1) +1 new hypothe-
ses are formed using the n; j(k +1) associated measurements ¢;; from each
hypothesis j‘ of the target trace /. lh this case, the index a}} j =0 represents the '

so-called failure hypothesis. This means that there is no measurement as a con-
30 tinuation of the initial hypothesis j for the target trace i. In addition, the indices

a;j=0 (for a hypothesis of a subset from the set of the indication from the



with a state vector xid(k), covariance Pfij (k) and hypot hesis wei ght
cid(k). These are conplenented by the status indicator SAT(k) and the
counter 141(k). The target traces2are predicted as follows: a
prediction for the k +1-th clock cy- 5cle is calculated for each
hypothesis j of a track i, on the basis of the dynam cs of the
process nodeneagH@ments: He.. tm(geﬁ)} haresenhihgelinkdyatwesrc 1e Qeespensifioct ed

covar i ance. By RS fertd v %ﬁ‘x@f*h%” R o e

transfer matrix and QL(k) is thenplocess covariance matrix of the

chosen process nﬁ%(kﬂ) nNg,g\(kDreas%:rrey(anm) data is associated as
follows: the m(k ) neasurenent jdata 15zi (k +1) obtained for the Kk

+1-th clock ¢ S cor‘rgared with the predicted hy- potheses

all the tra prPd“‘?eF’ fioe VthePYP%%P@W‘é’h?X’?té“ bg ok PR £ {pr e s%‘ to
the predict r e or the hypothesis j of the i -th track,
that is fo g% &q%és'greﬁyaw 1riship (k +1) Sill(k + 1)
yijj(k + 1) <22 20is true with suitable A and the variables: = k +1)-
H xPr.el,J(k + 1) S1j1(k+1)=H pirle(k +.0. HT + RI(k +1) where Ris
t he nmeasur erféatae reptorg.ospypiianses andiweights ferribeset nevshypetiseseirers cals

associ at ed %@{édtljgﬁgty@g&gg‘%ss 25 Target traces are then corrected
as follows: a total ni ,j( +1) +1 new hypot he- ses are formed using

the nij(k +1) asso |a edxf fasun eiens 4k au)- fyrjgn(leab)h foypqthesi s j of
the target tracéii s(kgraﬁe the index au Ofgle&re_sbents t he

i0 for the state vectors,
P, (k+1)

ih

Pre(k + 1)~ Ko, (k+1)- S s (k +1)- K{i, (k+1) fora, >0,
PP (k + 1) fora,; =0

for the covariances and
Cin (k + ])

e () Pt s) oot Mttt
(k Mo
() P \/det(ZTc o (k+])j
e [
N (1-Phik + 1 for o, =0
‘Cj(k) ( D ( + )) or (x'l,j

for the weights. The variable K; ; ,; j(k +1) in the above equations is given by:

15 Kija  +1)= PPk +1)-HT - SZ},a,-,,- (k+1).
The term det(...) denoctes the determinant of a matrix, pg is a constant which
can be chosen as appropriate, and Pé‘j (k+1) is a detection probability which
can be calculated for each predicted hypothesis j of the track 7/ using the equa-
tion:

20 P+ )= P erg] 20 ikl

erfc
2 ohr (k+1) V2 |



so-called failure hypothesis. This nmeans that there is no neasurenent
as a con- 30tinuation of the initial hypothesis j for the target
trace i. In addition, the indices cti-rg60 (for a hypothesis of a
subset fromthe set of the indication fromthe - 25 - neasurenents
{1,2,...,mk +1)}) represent the |link between the correspondi ng
associ at ed nieatsarlmmns'one@/mtidm, er@l. hymeink dbe sofmplemehiagh Gapssidny p(( k)
fly, hreyp 0= niihyp( n}+ Eni,j(k +1) j.=-1 are produced from all
t he hypot hes@terjfungtiorg H5EX i ast! ﬁ’tm areeconstantk whigh|cen ke theseniappioptiathly,
Starget trace nr,hreyp(k + 1). The state vectors, covariances and

wei ghts for @ﬁ)d#e?hmmgﬁihfééwnﬂtudeéf dhat bmoéheé@ L ity traek 7, and
equations: xiP2 k +Ki++ .0 for ai - >0, 1) = yr; k +for ai4 =0 10for

the state veaffé(m1)psihélsséoda}edlé%u%é{mﬂarrdﬂJ(k+|) Sjj, (k+1)K(k+1) for
cc; >0, pl:(k*forct1=0 for the covariances and co + cid (k) P "'

5
Improbable hypotheses are deleted as follows: if the weight of a newly produced
hypothesis /', as described above, falls below a critical value, that is to say

Cip' (k + ]) < Coit
then the hypothesis is deleted from the hypothesis list for the target trace i. The

10 number nP° (k+1) of new hypotheses is reduced by the number of hypotheses

{ hyp

found which satisfy the condition from the last-mentioned equation.

Resolution conflicts are dealt with as follows: in the case of broadband signal
processing, all tracks i for which SA;(k) =1 and IN;(k)=j+#0 are searched for

15  from the frack list. This means that these confirmed tracks have a resolution con-

flict with the corresponding confirmed tracks j. The resolution conflict consists in
that the leading hypotheses for the tracks i and j have processed the same

measurement z4(k) in the data association for the clock cycle k-1 to k. The

leading hypotheses are the hypotheses i, and j, of the tracks / and j which
20  applies for Gjjip (k) 2 Cj (k) for all o =ip and c; ;, (k)zcj g(k) for all B+ jj,. If
the resolution conflict still remains in this clock cycle, that is to say the leading
hypotheses for the tracks /i and j are once again associated with one and the
same measurement zy(k +1) of the current measurement data, a modified cor-

rection of the relevant target traces is carried out.
25
The resolution conflict for the track pair i and j is ended when a separation,

which will be explained further below, between a hypothesis comprising at least
one of the two tracks and the leading hypothesis @, of a track @ which has al-
ready been confirmed in the last track is less than a critical value d}__ . The track
30 @ must not be older than the relevant resolution conflict. If this is true for the
hypothesis i, of the track 7, the track @ is linked to the history of the track i, the

track w is removed from the track list, and the number of confirmed fracks is re-



c(ky)PF =" ¢ (k) v for = for the weights. The variable
Kijaifik +1) in the above equations is given by: 15KiJau.(k +1),+ 1)
HT Slial(k+ 1). The termdeg...) den@fes the determ nant of a
matrix, pp is a constant which can be chosen as appropriate, and PCk
+1) is a detection probability which can be cal cul ated for each
predi ct ed hyhoethdsgioge| If diis Bheies taaktypothssing, tdi¢hetjackt j otire t@ck madt hr

art (k +1) 20Pl51 + 1) = I fc a- kK +1 - .26 - In the.
st rent § orlBEeb ke o af Fisrack ek fids ot dm ey Vesti€es an
error functijgpankHamunfe o AoRfirmideraedis elksd Wpbkd) can be chosen
appropriately, aill:e(k +1) is the predicted anplitude of the

hypot hesis j of the track i , and aPre (k +1) is the associ ated

estimati gn af bGypothedisNhIDAB | siffidiBL BesLH MebesithEhpsbtiasisl B |BWss 1 f

t he wei ght of a newl‘y pr oduced
track @ is found both for the track i and for the frack j, the bearing rate

&,

il

(kil, —1) and &, (kiJ, —I), respectively, of both hypotheses from before

the start of the resolution conflict at the time k_ is compared with the bearing
rate @w,wh (k +1) of the most recently found hypothesis @, for the track . If the
10 mathematical sign of the previous bearing rate of only one of the two hypotheses
matches the current sign of the hypotheses wy,, the frack o is linked to the his-

tory of the relevant track, the track @ is removed from the track list, and the
number of confirmed tracks is reduced by one. If the mathematical signs of the
bearing rates of both tracks that are involved in the resolution conflict, from be-

15  fore the resolution conflict, match that of the hypothesis «; of the track o, the

amplitudes from befare the resolution conflict are compared with one another. If:
By, (K +1)-ay, (K2, - 1)|<|a,,, (k+1)-a;; (i, - 1)

the track @ is linked to the history of the track i, the track @ is removed from the

hypothesis list, and the number of confirmed tracks is reduced by one. If:
aco,mh (k + ])— aj,jh (k‘lijes - ])! < I am,mh (k + Z)—. ai,ih (kllijes - ]>i

the track @ is linked to the history of the frack j, the track @ is removed from

20

the hypothesis list, and the number of confirmed tracks is reduced by one.

For the improbable situation in which the two differences are equal, the amplitude

25  of the hypotheses for the tracks / and j can be taken from the time k3 ~2. A

further possibility is to average the amplitudes in a window [ki;jes—navmge,kgs ~]] .

If the resolution conflict for tracks / and j has not yet ended, the target traces
are corrected as follows: as long as no conflict action has been initiated, there
30 are ny +1 interpretation options for a (confirmed) target and ny, measurements

in the .k -th clock cycle: (1) the target has not been detected. In consequence, all

. measurements are false (1 hypothesis) or (2) the target has been detected



hypot hesis hi , as described above, falls below a critical value,
that is to say co,,(k + < cad then the hypothesis is deleted fromthe
hypot hesis list for the target trace-28- The 10 nunber nPre (k +1) of
new hypot heses is reduced by the nunber of hypotheses tthyp found
which satisfy the condition fromthe | ast-nentioned equation.
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hypot hesi s %%l of a track a which has al - ready been confirmnmed
in the | ast ack is less than a critical value d-R7es . The track
30a nust not be older than the relevant resolution conflict. If this

is true for ﬁh%r&ﬁ%%hﬁ%b&d:@ & udrBSoneiasdastiremenhér t&vB@é\r et§ @ 4 funkd nked

to the history of the track the track o) is renoved fromthe track
list, ard tHign ﬁﬁ‘r‘?ﬁé‘?%b‘l‘*‘”éﬁ?ﬁﬁbf“%ﬁ the SGORQr ysgd ppd of the separatigy clhat ‘%§P one.

: f L hi :j st apltolﬁkaﬁ%t e Rgbmier E@%m;oh a;e@@eehhae tidrgsts. in, th*’s%n&é apk ge?m S

i nke 0 e S DV, € rom

L he hypot hed a8 d b whieatved BerigBentsan B Piaies B AncadeRe SeeEed. by
one. 5l f a hippotdmsiemenhivitin thesresult faeco"eantdl gancheoproctssed Ivg the &rdcking
hypot hesi s %P#ﬂ%f té]ﬁcet rll?'%lﬁ? Csﬂuétf%nf %ngaegﬁ}rgmélﬁrtotgéep}ocgs%%d caﬁ% for

the track j,
20 longer be re!ated accordmg {o (4) to the state vector of a single target, but de-

pends on the state vectors of two targets, it is necessary to introduce the centroid
of and the separation between two targets as new state variables and to relate
these to the variables bearing ¢ and amplitude a. This results in the unresolved

state vector:

0i(k)-0; (k)
25 v (k)= | 6;c)+ 1 (0; (k) 0;(6)|.
z(a:(k) a/(k))
The predicted unresolved measurements and the associated covariances are
calculated by means of unscented transformation from the predicted hypotheses
of the targets involved in the conflict. Since the resolution conflict is dealt with in
the program process only after the normal Kalman update of the individual target
30 state hypotheses, the individual target hypotheses are reweighted and modified
taking account of the additional interpretation options for the measurement data.
The common state hypotheses for the targets involved in the conflict are formed

from the individual target hypotheses. By way of example, if it has been possible



and kik (lckies -1), respectively, of both hypotheses from before the
start of the resolution conflict at the time k, is conpared with the
beari ng rate 4thah (k + 1) of th&nopst recently found hypothesis
cob for the track w. If the 10mat hemati cal sign of the previous
bearing rate of only one of the two hypotheses matches the current

si gn of the thysendaie @s meshwemealsvith @ first targakindhe eurenbktimng step rod yr of

the relevant trac d fromthe track. |i and

h
Lhe nonper yptdsiignetatit b 3etod talsft, frn PR tsRes MRt b9 & sieldnn Mo

signs of thendeanbingd fa?éé?%taig IDerBr thiradifes tﬁ&@im;ﬂéﬁy e laRdthh) tHehe
resol ution conflict, from e- 15fore onflict, match

th{ sol ué{
that of the JYPSMBESE hyprtRsses RLe penyaited Back igedn wﬁ‘ra* FaeYPPBRTef or e
the resolsut iimmeaiztdly aftdr tide €pdateTpaBecsuitidl whieh eheamohiee of inbividudl (target 1) -

a oh- /)I <+ / 1 the tr i.nk
i story of NEAPaRort bt it EBof S du T Bridl sl

list, and t he thiupdsercalshilatedrefsi thﬁevgimof telcomnpnrtegetingotirpsasie quedtion.20a, h
(k1) -aJdJh(kig Gséppro}i}(rlatésthﬁﬁ%bg&hkﬂénsjit%z the track co is linked to the
co

hi story of t e trac trac s renmoved from the hypot hesis
list, and the nuyihbge |p{x,cohdir med tracks is reduced by one. For
the i nprobable situation in which the two differences are equal, the
anpl i t ude® 25is$o-tdlled bypmidhedasndmsnt ifaechinga ks therdord necesaarylie chlalen
fromthe time kVes -2. A further possibility is Q. average t he

anpl i t udes ilatedhercoraon probahkiy densady aljhal(l(R@diz(kﬂ)& t heonrtbe b Ploall
conflict for tracks i and j has not yet ended, the target traces are

corrected asnd Alebawsmens 2“ohgias, zr'b} upaBfihd SlrrerEtih®m d1a& thapdute the
initiated, there 30 are nk + inteérpretation options for a

(confirmed) sl tasgrt yRothesesuPa Hanessumption that the_teigetbsiaier aryipie: (1)

the target hasdéfibr PeaBuSIRhEs iRtenbity RAMSEEHIRES usilg: Nk nmeasurenent s
are false (1 hypothesis) or (2;) )t he target has been detected - 28 -

plk +1), xolk +1)] Z2°*
15 ‘ .
D2t xall + ) o+ Mool + )1 25 gk + )1 25).
The common hypothesis weights are calculated corresponding to the various

data interpretations (1) to (5) and using the following scheme:
plaatk + D xalk + 11 27)= piplea ()1 2 Jobeo ()1 2%). 7=1K 5
where p; depends on the data interpretation (1) to (5).

20
The common target state is in each case updated using the Kalman update for-

mulae for every possible combination of individual target hypotheses. Pj de-

notes the detection probability for the unresolved target state, P[’} is the detection
probability for the /-th target state, and F, is the probability of two targets not

25  being resolved.

(1) The common target state is calculated via an update with the unresolved

measurement z;(k+1) and the fictional measurement "Separation = 0.
- The reweighting process is carried out using:

30 p, =P, P} /f.p(z,(k + 1)| x,(k + 1), x,(k + 1), 'Measurement unresolved')



and the neasurenent j originates fromthe target, while the other nk
-1 neas- urenents are false (nk hypotheses). In the case of conflict
action, further nmean- ing options exi8®-for the neasurenment data: (1)
two objects are unresolved but are detected as a group; one of the nk
measurenents is treated as a measure- 5nment of the group centroid,
while all tHK® oﬂﬁ\é{rthﬁﬁet@na!éneawsemnéiwe%@ wedlateripe cppmeadrgst stgte) Two
obj ects are nei trh@FevJe?g%%g/%C&aﬁ%ﬁ del&eded; all the nmeasure- nents are

false (1 hypothesis). (3 obj ect s are resol ved and are detect ed
i ndi vidually; nk -2ppe#s I’— nts are false (nk(nk -1) hypot heses).
(4) Two objects are admttedly resolved, but only one has been

detected; nk -1 neasl0 urenents are false (2n k hypot heses). (5 Two
hypot hesés ¢&n a:ﬂericbmmdhyar’get steteoé v!etérm;bed menther ofnasufiaenwitetrect ed’

al | nmeasur enent are fals 1 S robability of
obtai ni ng an unPMEsEFYY 'Pr%% ﬁ?"é ?1?’ 1%%\%0* 2}?6&5 is a function of

the resol ution %agabl lity of the sensor used and of the separation,

that is to say the regul at | sep n between the ta gets In
this sense, the b&d\?ul’néfne@(lerfiafk sl e mneRoNed

interpreted, as d|t|o arat| nent wi.th er sul t
Derot and ¢ln BlnitGirks8aRs) SBRER PR T IGER b e BEb B i
situation, the tm%iun@rd’mmeamréeernrqdesSedw eachrmase 2 tongen tekrget

rel ated_according to ( he state vector o | e targe but
Gepends 1Bn the St BoUEL roRsYB oI oy GLEE et nabeed i be
introduce the Cﬁ?ﬁbsmérdemfz,@(nﬂ)tf&eta@%pa,ra‘hﬂlt!ﬁ)élprbatwﬁ%gét\lﬁﬂaté@d’rgﬁ@ét as
new state variables and to relate these to the variables bearing O
and anplitude a% This results in the unresolved state vector: 0i (Kk)-

0100 25(10= O (0+ { (9 p(EG I
measur enents and thé“? 8@ ?Pegé[&dwg )Pﬁgéshﬁ%rg‘ge&é% & eX);d by nmeans
of unscent eb)t rmfcommhltergef state cheppseadhetied mgmednascemm tarhet

targetsl%nvol ve { 0. the conflict. Since the resolution conflict is
dealt with in the program process only after the normal Kal man update
of the individual t%gq_pfiﬁ)_pgkﬂ_ep ypot heses, the individual target
hypot heses are rewei ghted “and ndifi'ed taki ng account of the
additional interpretation options for the measurenent data. The

common st at ¢h@)é9lﬁﬁrg;e§fet§r§°e9Era&é&ewﬁla&{egﬁp%déa\/@|th{@¢bilbﬂmé hextCAMhkEEls are
formed fromthe I vidual target hypotheses exanple, if

it has beencHed B far sachyiack te R R A §n%hz rw‘%?
first tgggef tﬂ%riéé?w%ghf]y Ot%ﬁ BRcelbiGd sé\%aqatfb% gehg%lrjg%@@te%

second target, eses nust 'be consi or t¥1!e conbl ned
target statemb@: order to reduce the conplexity of the algorithm the
comon tar get hygot heses are convertezj back to indivi (ilual t ar get

hypOt heses dlh1/72 &/h1(k+1) thz(k+1)) /h1(k+1)+Pth2(k+1)f th1(k+1) thz(k+1))

If the relationship:

2 2
25 di,h1,h2 > dspﬁt

is satisfied with a suitably chosen dg,; , one of the two hypotheses is split off as
a new track i'.with only one hypothesis in the clock cycle k+1. This split-off
track has the history attached to it up to track k from track i. Depending on the -

status of the initial track /, the number of confirmed or provisional tracks is in-

30 creased by one.



5 inmmediately after the update, as a result of which the nunber of

i ndi vi dual target hypotheses under consideration remains constant.
The individual target state is in thi8lecase cal cul ated as the sum of
t he conmon target hypot heses in questi on and approxi mates the
probability density: é , x2 10 via so-called second
order nonmentThedugien ﬁfgafget tf ﬁ@st‘fﬁ Pe?&?’@n%@éb% &lgwing texd] tbaltracls thalke
common probapi k)tésﬁntdfr@%o%afé@%ﬁtkonﬁlan%lfn baits. he YephAforP @5, Spel al |
t he neasurenments Zk+1= Zk+1. Zk up to the current tine in offfer to
updat e the itnedrnvinduaickd fragati, ygedhgses. On the assunption that the
target states are |ndependent of preV| ous tinmes, the density can be
cal cul ated usi ngt? %)e 4(k¢1)%x,3<(2(+k1) P%lettZkP+(k9;:l))1‘§x,{(kZK)Lb<%(km1)(k +1)
x2(k +1))/41(k +i) Zk p(x2(k + 1)1 fie common hypot hesi s

vei ghts are mtateezubaataadescaerres e;adédw@ aihd PG( VL Ik da; ahat is to say
interpretations (1) to (5) and usi the toll ow ng schene:

p(xi(k +1), ony(qaepfﬁtﬁiwzrtaqtssﬁap@kﬁd%)beerzrzovﬁmzq I@)"‘g fathgrmoge: = 1 K | 5
where P1 depends 20n the data interpretation (1) to (5). 20 The common
target state is v1mz egE‘Pfg‘t:ase updat ed using the Kal man update formnul ae

for ever ossi bl e conpi nati on of individual ta et h t he Pi
donor ea. 1 ho B AAtRIN CAT ROt t 12N 1° HE Tareb biedud Farkset Setate. “pA

|s the det e‘ﬁe?&ﬁhn?d 8.’?%%%.‘%;3 ;Qigtonﬁm!edtt&c& Bl %gtov%%%%aecﬁ,g@?nggrﬁéﬁ the

probabilit wo targets reso

t ar get éﬂat emrsi"mmmheatne&)wra?m@ 'apethtcedwwe.t he unresol ved

nmeasurenment z i(k +1) and the fictional neasurenent "Separation = 0".
The rewei ghting process is carried out using: 30pi = P"PDa /fep(z;

++ /), x2 (Rhe fusidrasihyentbasesunil bs aixpleided in theIQowin@ipxtOtileyhyphibeses

fictional MRAS.erGleicdiacd kit ag%%eth?pa&mﬂe L a8 onHelhdin The

rewei ghting is Carried usi ng common target state is
det er mi ned Ibyo hyptheses Haran@;t&a@@smqthe@m"@tttom resol ved nmeasurenents
z1 (k + 1) and zJ (k +1): P3= 0-P JPLPJY 112 ki (C F.7),Z J(k+1)X
(c+1), x25(k+/)," a§6rdemeaﬁypresol ved') (4) Wthout any restriction to
generality, the first target is assuned to be detected via the

measur enent wih (skitaldy chosien i gy cdben theetwoomrotheses gret cotrbitedtusing

results fromthe conbination of the target state updated with the
the formulae:

Ximo K+ 0= D cip (k+ DX, (k+1)
r=12

Pimg e +1)= D cip (+1)
r=12

x {P;,h, (k+1)+ (Xi,h, (K +1) = Xj py (K + 1)Xxi,hr (K +1) = Xi py (K + 1))T}

20 Cimok+ )= > cip (k+1)
r=12

to form one new hypothesis. The number of hypotheses for the track / is re-

duced by the number of hypothesis pairs found which satisfy the condition
2 2 ‘
di,ht,hz < dferge hyp -
25 The formation of new provisional target traces will be exptained in the following
text: new provisional target traces « are formed from all the n?®"(k +1) meas-
urements z;(k + 1) which are not associated with any predicted hypothesis. As in

the initialization phase, each target trace newly created in this way is formed from

a hypothesis with the abovementioned hypothesis state vector



measurenent z, (k + 1) for target 1, and the predicted target state
for target 2: k-PD2)31, 1f,p(zi (k +/xi (c+/),' Measurenent resolved')
(5) The common target state conprises3he two predicted individual
target 15states: PS The splitting of target traces will be explained
in the followng text. A check is carried out for each track to

det er mi ne whet,fips H hez; Y patdaesmacd 1o, ard n2PN tre R8giithe, (i -gfeat anei ght
have an excessive separatlon dol, h2 cal cul ated using the formul a:

dt 27102 - (Ghe@kluesl}SA,(kM}rzo +zag(g<14)=(@an& IN, (Pt 120 ATHE)Aurrbex bf id ik
+1)- x1,h2 + el at onsh 25di 2,1)Q2 ds2plit

STt ed w ALt Fateys bR HehRARm OBl B sOHAe RS ARy BBPHEses | s

split off as a new trackwith only one hypot hesis in the clock cycle k

+ 1. Th' pHe ca%}( lation o&tgegm n%%dt u% F? v%l i} gét ?&Fﬁgd rothis. fol?’w\g[r]ligack

track k fron1 I'ng o us o nitia
i, the nunbdextofhe ordbabthtgdxuotierp rL@/(]ksn kbrfad the rcmk s:y¢ls knt 80n beeaked by
one. -31 - fusion of target traces wi || expl ai ned |n t he

T
fol I owi ng téﬁtﬁg?‘?’ﬁéc? fragh & TeRdhe yeghls ewlht ”a‘?f@"é PR§SSH {1PS5Pe

th 2 bet two tracks | and /2
Fe i ven by Cabduil i B a‘gs?’é’tgge@aﬁg’%(k+el\)N)eeg(x\iA?(kri(i)s xi 20k +

1)). 5If the cov®Rkame excessive and Sitlii(k +1) = SAl 2(k
4- 1), that is to say o y one of the two tracks has al ready been

confirnme rther e.. .4 ner ge .t h syj tably chosen
et go 10 ¢ (R s RS TP Besial Ghe Rectaeropthit o3 Tl Bpdah 85
Dependi ng ortré&eet her this is a confirmed track or a provisional
track, the correlO spondi ng nunber n8(k) or n7-(k) is reduced by one.

The testing of the tracks that are present will be explained in the following text:
the sequential probability quotient test is carried out for each track /. For this
15 purpose, the value of LR;(k+1) is compared with two bounds A and B. If the
track i is a confirmed track, the counter of track i is increased by one if the
bound B is exceeded, that is to say ZA;(k +1) = ZA;(k)+1, and if the bound A is
undershot, it is reduced by one, that is to say ZA;(k +1) = ZA;(k) - 1. If the value
of LR;(k +1) is between the two values, the counter remains unchanged. If the
20  track J is a provisional frack, the counter is increased by one if the bound B is
exceeded, that is to say ZA; (k + 1) = ZA;(k) +1, and if the bound A is undershot,
the counter is reduced by one, that is to say ZA;(k +1) = ZA; (k) -1, provided that
ZA;(k) = 0. However, if ZA(k)=0, then ZA(k+1)=0. If LR;(k+1) is between
the two bounds, the counter also remains unchanged for provisional tracks. Both
25  for confirmed tracks and for provisional tracks i, the weights of associated hy-
potheses are normalized if the bound B is overshot, that is to say each weight

¢; p(k +1) is divided by the sum of all the weights, using the expression:

ciplk+1)

(k+1
Z‘QVP Vel +1)

C,"h(k + 1) -

30  The setting of the track status will be explained in the following text: the status

indicator SA;(k +1) is set to 1 for each track i for which ZA (k+1)>ZA _,, that

is to say it is "confirmed". If SA;(k)=0 in the previous clock cycle, the number



The fusion of hypotheses will be explained in the follow ng text: the
hypot heses of a track i are conpared with one another in pairs. If

t he separation between two hypot heses3ft and H2 satisfies the
condition: 2_42°15d thinR2 < unerge, hyp with suitably chosen

dnmer gebyp, then the two hypot heses are conbi ned using the fornul ae:

x2 + - Eck 1r)s(k)=9f confinezl tracks Edmref\iasdby)onfe =lihepstatyp "‘(iléatpkhﬁ/'\((lkﬂ“ﬂl)& (k +
-2 (k +1))( m one new

hypot hesi s. @h(%ﬁ:ﬁﬁ')@ KS %’O%Eﬁét%i}é§ Y crglethf"? ‘33& Sf"y Ités ?eé?‘) dU@8d by
the nunber %on@ypg?lﬁ(ﬁ b 24 W{ﬂe%ré\%qldclm cgae,stﬁé 'nﬁFn)S?rt Heohfdlitiaers d. 2<

d2 002 nmerge, hyp formation of new provisional target traces

w || be expliaiagiaded by diee aho tHeOmanmiger trgxit): ssmmq:sed%yshenﬁie tahreg B4,
traces 1" are fqorned fromall the nrwé measur.enent s Zlf(ﬁ +1)
whi ch aré ndt @ §84BENYPRAY: Which camhbe phasan @p aprr‘ﬁ}?}&t‘ﬁé‘g?r§h°°l§° € the
initializatipepbfras®, each target trace newy created in this way is
formed froma hypothesis wth the abovenenti oned hypot hesis state
vector - 32 - xii(1)= HT +a covariance Pr j(k +1).= PO, the weight
ci .| k +1) =1 Tandeassessment of previous states will be explained in the following text: since

the knowledge about the frack state is enhanced with thé aid of each new meas-
10 urement, the history of a track i can be recalculated and reassessed. Specifi-

cally, in this case, all the hypotheses h for a track i with SA;(k + 1) =1 are calcu-
lated back for a maximum of n.y,, time steps into the past. If the track exists
only for Ngyist < Nretro time steps, only this number of steps are carried out. The

state vectors and covariances recalculated for the hypotheses for the clock cy-

15 cles LI =k,/—1...,k +1—ny are obtained from the equations:
X320)= 530+ Wi )- B30+ 5§32 + )
RIS ()=P0) + Wi 0)- (IS0 + - PES( + ) W ()
and

W)= Poal)-FT PR (1)

20  where F is the transfer matrix of the process model. The retrospective hypothe-
sis weight of the h-th hypothesis in the clock cycle / is obtained from the sum of
the weights of all the retrospective hypotheses in the /+1-th clock cycle, which
are formed from the hypothesis h in the normal multi-hypothesis cycle in the
clock cycle | to [ +1:

njhypU+1)
25 A= g+
=1
After the end of the clock cycle, an updated track list exists with ng{k + 1) con-
firmed tracks and. ny(k + 1) provisional tracks / with a state vector x;(k +1), co-
variance P,(k+1) and overall weight c;(k +1), which are respectively formed
from n;(k +1) hypotheses j with state vectors x; ;(k +1), covariances F} j(k+1)
30 and hypothesis weights c;p(k +1). The updated status indicators SA;(k +1) and

counters ZA;(k +1) and IN;(k + 1) also exist.



the values SA (k -F =0, ZAr(k I =0 and IN, (k -F = 0. The nunber of
provi sional target traces is.increased by this nunber of unassoci ated
measurenents. 5 The calcul ation of tRé-likelihood quotient LR will
be explained in the following text. The probability quotient LRi (k
+1) for the clock cycle k +1 can be calculated for each track i from
the weights co(k +1) of all the hypotheses h associated with this

track, usingrbEedA9uas ke biddR 43Kis tddd anb)is HRRBELIFurkitld $roh Ot BRabring

i dentical to the overall] probability ci(k +1) of the i-th target
trace. The t¥&EMEesiPehareealkiis fage. 5?%6'}§F‘€s%fh%‘9"a’ PECERT TR Hhed
int hedf ol | Q}Mtihghdne%tdra\hﬂﬂ@eﬁﬁéhalﬂ{ét@r ths @habuhtatiy pqswdl éito b&ﬁ)h’el S
carrie ut or .each tra 15 pu

TR (ke SeaptiSRPRatl R 4 nibe abS walms B R ot Bered s
confirned t rmodassnh@eorW@rth@fra@« dat& viill also pasy thasghl dfprterenariagehe
bound B is t. S %é“i +1)..

bound A is %%grscﬁc 45t % T tﬁe tc%s cg%n ﬁg%)sigﬁalzélgégsts%’g’sé&g? 9("}; +1) -
ZAi (k) -1. |pfasséte o 4 GI@ @f}PFERifE(kk outppt nsxsst@ét brreanyt digen \/mth/ép%gydq he
counter re HNGihaRo g %8st &rof KPL VST PRAL ot ack,
t he counte?aygé}ncﬁease&gbgk%%%aﬁ t%g %oundkB |@%E£ce€§2d thgt IS
to say .1IBA( kpassed onasifddk)detla, tabelpietise Frg tirocasd oAbnodeatgﬁabmrpcetslse
counter is guced by one, that is to say ZAi (k + 1) = ZA (k)- 1,
provi ded t hat ZA(k) 0. However, if ZAi(k), O, then ZA; (k +1) O If
LRi (k +1) is between the two bounds, the counter also remai ns

]lcmchanged for lpr;)vl SL@N@I @ckgj(kﬁ?t@qkl 23, (qu f it @gdt %r(;@cls;s‘j(aﬁd
or provisiona ac as CI 0

normal i zed if theﬁbou%cs B | ?)ove?@: %5(9{ hat"i gls’saiﬁ)( ‘fg??%% %@3
co(k +1) is divided byNEhe Mim ofMal | ¥he VM ght”éI usMng tNe
expression: CL ilkk1) oafih , (ki kalt) cdfile) +a9, (- rl#d 89 THeosdh Sﬁ@(kbf
the track status will be expl ained in the following text: the status
indicator SAI(k + 1) is set to 1 for each track i for which Ziii(k +
1) > them tandforitke eapepiparrewhagd sigpplifaregessing: 1f SA (k)= 0 in the

previous clock cycle, the nunber - 33 - na(k) of confirned tracks is
i ncreased by one. The stat dlca (k ) is,set to .0 for
tracks for which 72A aéEDIPiJSZ%Pdé mﬂYtM (‘é y&% pslder to

"provi- 1sional ". 2:f SABDR)pusladdiridnhity pvg(\k) oug(kjj ock(lc)ycdsg(k)t he number
of confirnmed tracks i's reduc% by one, gpd thggnunbgy n7- -{K) is

i ncreased by one. .The val ue
n(k): asBDT plus,additionally v, (k), % (k), o, (k) Oy (k)

The abovementioned management block 45 in the case of narrowband signal
processing is used to combine the confirmed individual line tracks produced by
the tracking system in the case of narrowband processing, that is to say tracks of
individual frequency lines, referred to for short as SLT (single line tracks) to form
20  multi-line tracks, or MLT for short. In this case, the SLTs which are combined
with one another are those for which the bearing and the bearing rate match suf-
ficiently well. The frequency lines which all originate from one direction are there-
fore combined. Furthermore, a check is carried out in this block for each existing
MLT to determine whether the bearing or the bearing rate of one specific SLT
25  differs excessively from the bearing or the bearing rate of the MLT, which is itself
calculated from the averaging of the bearing and the bearing rate of all the SLTs
combined in the MLT. If an SLT such as this is found, it is removed from the
MLT, and is managed as a new MLT which comprises only one frequency line.

All further SLTs which cannot be associated with existing MLTs and cannot be



5is a critical nunber, which can be chosen appropriately, of
overshoots of the up- per bound B. The reassessnent of previous
states will be explained in the foll owng text: since the know edge
about the track state is enhanced with the aid of each new neas-
10urenent, the history of a track i can be recal cul ated and
reassessed. Spevied Withmﬁlayo’fhﬁ"naf? managesie theatame ey aRiftHedeanihoteor a
track i wthycfbhdyihel) = 1 are calcu- lated back for a nmaxinmum of
nretro tine steps into the past. If the track exists only for nextst
< nretro time steps, only this nunber of steps are carried out. The

state vect oraqeaa;ﬁm@ysaémﬁnwa dn@@-NlQUéraTsﬁ&Nrf &4 thehemhiyipgblveses 4y t he
cl ock cy- nretro are o

15
equat i ons ‘féas'l 9 Case)(bf bm%@fn%ﬁ'gﬁ?! Srocisijngn&oiﬂ)trag?owqﬁ)St%ﬁ 5t roQ
= Pi, h0O) W dm@}u‘tne(dDaftthe He!e‘kf)antl?:!mdkj ayele 4 Bje safdctdd firsaofchiVEroR the(tdpst FT "
Pi Pt 1+ t | .
Tlhe Ha'?r ospe(?:at Pve hgﬂ llé]e %Pé’frgh%%%r mtnﬁ}éypﬁﬁ} %‘sﬁngg Eﬁgggﬁs ’h@ﬂse
clock cycle thel ﬁaa@%? @'s@%@teﬁﬁ&@aﬁ:ﬁ'@ra@ym e &H@sﬁ@%ﬁ@?@lu@%f ﬁﬂ%lbeg
retrospective pot heses in the 1-th cl ock whi ch are forned

fromthe hy pﬁttwéﬁvgothes'ﬁ %@ ﬁﬁ)?ﬁﬁld'ﬁﬁﬁyﬁ‘# th?pﬁ?t‘??éi%‘? watayfall @lof 9f {hee

clock cygle / to/+ 2561 4 Q +

cl ook oy o, bestivg, gadle sieter R b o8 Gbelind e bty AofnRiis
tracks and roke( thetddrsp pﬁmslcoh&boctedamkbe basid ¢flthastetngtheof theabspeciite( k
+1), covari vde(k +1) and overall weight ct(k +1) , which are
respectively tformed fromnt(k + 1) hypotheses j with state vectors
xt,i(k +1) , covariances ej(k + 1) 30and hypot hesis wei ghts co(k +1).

jne updat ed iS4l Ul HLFAHEHE sRia Focesdiha ARG wEMNB! £ defdririhed rrbih and

IN1(k + 1) also exi
15  all the SLTs associated with the MLT is taken for each MLT i/ (combined con-

firmed SLTs) in the k-th clock cycle, in which case, from each j-th SLT, the
bearing 6;,(k) of the hypothesis / with the strongest weight c;;(k) is in each

case included in the averaging process, and is displayed on a waterfall plot. In

addition, the frequency v;;(k) of the strongest hypothesis / of all SLTs j of

20  each individual MLT i is taken, and is displayed on a waterfall plot.

Figure 5 shows the data flow based on the multi-hypothesis tracking method in
the block 42 annotated MHT in Figure 4. In block 50, data is read from the sonar
installation, to be precise preferably bearing angles and amplitudes, as well as a
25  frequency in the case of narrowband signal processing. The data read in is then
transferred to a data association block 51, which associates the data read in with

predicted trace state vectors in block 52.

The associated data is then transferred from block 51 to block 53, which esti-
30 mates the state vector on the basis of the measurement data and the associated
predicted data for the predicted state vector. The block 53 is therefore also re-
ferred to as an estimation filter block, and also carries out the correction process

on target traces.

35 A management block 54, which follows the estimation filter block 53, is used to

carry out the described deletion of improbable hypotheses, the resolution conflict



Track data in a read block 43 is read and is processed further from
t he tracki ng system descri bed above. In this case, depending on the
signal processing, a distinction is dP@wn between whet her the track
data is passed on to a corre- 5 sponding output system44 in the sane
way as in the case of bhroadband signal processing, or whether the

track data Wenfing) the spitias ohiaseririrages dbe fisionRiiaget rareat the i 95, as
i n the case mgpothedes 0aMane fopmgiunl of PERpRSAidNgl taket Pasbei ng passed on
to the appropriate output system For any given k -th clock cycle
which is picked out, the following lists of the n(k)- nB(k)+ n7-(k)
tracks are ¥Fjixtised qntiat dalfcalakordblbel 55,0niieh foliees e hamagementtibisek of

lrle E?fjbw SisgNalic A OSRE Tketh 08 quotiont LB & Uedlildd rove82(K) 4(k) MM
The likelihood quotient calculation block 55 is followed by a test block 56 which
carries out the testing of tracks, as described above. The setting of the track
status, as described above, is carried out in a track status block 57, which follows

10 this test block.

Previous states are reassessed, as stated above, in a reassessment block 58
which follows the track status block 57. An updated track list is then stored in the
tfrack list block 59, on the basis of the reassessment of the history. This track list
15 is once again used by the prediction block 52 in order to carry out new predic-

tions.

All the features mentioned in the above description of the figures, in the claims
and in the introductory part of the description can be used both individually and in
20  any desired combination with one another. The invention is therefore not re-
stricted to the described and/or claimed feature combinations. In fact, all feature

combinations can be considered as having been disclosed.



efitAkt ai(k) . gi-tkt (76,1(k) (74(kt (781(k) c44(k) SA4) a2(k) (k)
0-6,2 (k)(k) 0-.92 (k) 042 (k) SA 2(k$/M MM M M M ar, 00, 43(k) 079004
04(0 can 00, 0-41(0 SA(k) and for the case of narrowband si gnal
processing: 1:as BDT plus, addition é vi(k), *(k), ay, (k), a (k)
152:as BDT plus, additionally v2 GO (k), ay, (k),(k) MVMMM
n(k): as BDT plus, additionally vr, (k),(1c), cci, (k) The

abovenent i oned mana 45 in the case of narrowband, si gnal
processing i s P&&a*'ng%}%mﬁgméﬁaf geleriionaed RGN QL AYCIeSHYES LPY
produced by thengleski)ng ssyisd-emitiiny fahgets 966 tBé ehfiier AN (haPbRERS 81 Ng,

that is to say tracks of .individual frequency lines, referred to for
short as SLT (&iRigitenmingble ?%lE‘HE)S%CEP’fLEmaz@“?FHP@ finqing antepag k9 hayy

M.T for short. idgnatrhitsplieip ef elddfosolistioVdi 6Ptoatsustio idhs@sterd 11 ong,
anot her are thgse for which the bearing and the bearln% rate match

SUTficiently wal O TRESIPG SAUMEYRYES RIS RIAFIGNGIGckET SIORlE AWPeTBIY Bhe

direction are thei elboek eys®ahd @6|§braiéur5yhﬁﬁérﬂft@mal§ féh@ﬁlsd sRngBIffdneth out
in this block for each existin det erm ne whet her the bearing

or the beari ngSPSh eassralbpie grﬁé‘glq the tSEI‘_ dyeergiarg afdedusqpdass (fymdrom

the bearing or ré)hﬁgrli&t@éfté}ga pepBgationttihee bidy aWlfoE Phase $Hifs &lsfa function
calculated fro aver a the bearing and the beari ngzPrat e of

all the SLTs c8 et'fe%eqn??t ‘hégﬁﬁ‘_qem?ﬁt Wi e ferp seERre lipg (Bhumth i ¢

is renoved froenéher Whidh aﬁrQ sighalSRN#GR o7 charaelriblcTis Wb Sdiate@MRhiS €S
only one frequ further SLTs which cannot be associ

ency |ine ted
with existing m_al%re&ﬁﬁt'%‘a?ﬁ?f'%é’ . Mg avhic ?‘c'ér?ﬁﬁ?Féﬂe‘J\jWﬂh %Pu%a%ﬁcﬁ'ﬁgr

are nmanaged i nahéie aa@at We@ﬁ‘o b TsferdricB lina (), ane wftér%@ué@rwyudoﬁdam The
out put systens HM - hown as the renaj nj n%&gl ocks 44

O S e g e A

whose status i sighgiefds’ §8ahdtion tdiehs ekaniagngleqek) théédh Kol @ycﬂ@k?fqt ed
first of all. Fromthe target traces identified using

t he
that hypot hesi Yhprajih#eensifsiriie ofisyceesrive; %quhg’cﬁse@[)e@ta "‘éat%’@"e@Pfed
for each trackshow b&Bng BacRSEONRBLEGVAbeRINGTarlghe, BRGpreterred L&y

hypot hesi s 6'] g gesl asretrrt]aerlr(]eddésgltrgcl?g in a so-called waterfall pl ot of
t he y €
characterized
in that, starting from trace state vectors (x(k —1/k —1)), which are deter-
mined at the time { = k — 1, are each associated with one bearing trace and
each have a bearing angle (®) as well as its time derivative, which is re-
ferred to as the bearing rate (), and possibly an intensity (a) and its time
derivative, which is referred to as the intensity rate (a), and trace errors

associated with the trace state vectors (x(k —1/k —1)) for the time t=k,
predicted trace state vectors (xP'®(k/k —1)), which each have a predicted

bearing angle (®P™®) and its time derivative, which is referred to as the

predicted bearing rate (®P"®), and possibly a predicted intensity (a”®) and
its time deriyative, which is referred to as the predicted intensity rate

(aP'®), are predicted together with predicted estimation errors,

in that the prediction of each predicted trace state vector (xP"®(k/k—1))

and of its estimation error are used as the basis for the approximation of a
time profile of a bearing trace with linear subelements as target motion

model dynamics,



10bearing angle plotted against tinme, by displaying the bearing of

all detections over the course of timd8 color-coded on the basis of
the strength of the respective anplitude. In the case of narrowband
signal processing, the bearing ili(k) determned from15 all the SLTs
associ at ed Wlthntﬁwebtﬁ'pteshdtakmarmgrang@c(l@m/k ~(IpoiEisalvetetiondm itime d

SLTs) in the k -th cl oc C n_whi ch case, fromeach\} -th SLT,
the bearing 018HRY of tlhettf‘?@”ﬁ@ﬁfiglﬁé@(é I”W%W"i"ﬁ%d BoshiRgest We‘ihﬁﬁtm%p

Kk h | uded
G &pl ayed on & ‘el of IS PG Lo lD T TN B FEEI Bk biieprs
the' st ongest ' yRas bk Syde oF ) bl rSldEsnd b in3URRE g siaser ML

is taken, and is displayed on'a waterfall plot. Figure 5 shows the
data fl ow basediaex thwsﬂwl(b?’ehy/p(o{hiﬁs saltulatell ifrogn thet sumdl of thet intenbityock
42 annotated MHT in Fig In block 50, data is read fromthe

sonar i nstal | alPdm; D9 He‘l?Q“BPGHPQ:?&reﬁP@‘i‘Ve‘PtéB? IMselr K nd adq Bestyraent-
litud f

B e e oo BB e 30 L B Pl S

associ ati on bl egksdde b@éur@hra%gsom ates the data read in with

predicted trace ate vectors 1 n block 52. The associ ated data is
t hen transf erré’H%‘?F BWB?Q?@&'OBPWQ?WFV(}EW sach casPdsteined fepassaeiaion ne

o 2 o TSR B i

predi cted data

t her _ef ore al SOJE Rdak Wh%ﬁe%f‘th%sb Hﬁéa{ 54 Sf| | ter block, and al so

carries out th orre on Process on traces. - 36 -

handl i ng, the spiHattasg feictibarofatddisraisss addociatios ibsbadlityl ar@éisured
traces, the fusion of hypotheses, and the formation of new

provi si onal t abgeting Rogle 0% (kP hink ebssidpch oeestredtinteasityul T o) )

bl ock 55, which follows the nanagenent bl ock 554, cal cul ates the

li kel i hood quotrealculiRed avgetbscwitihe prattived bedring drighee{ @ B Gl ki) areht
cal cul ation block 55 is followed by a test block 56 which carries out
the testing of pbssitlks, predicidsutendityd adlfok b — Thetoetn angsirhatet detrig k
status, as described above, is carried out in a track status bl ock
57, which foll| engle (8(k)) and possibly an estimated intensity (a(k)) at the time t =k,

and

the estimated value or values determined in this way, together with the es-
timated bearing rate and possibly estimated intensity rate, form the trace
state vector (x(k/k)) of the relevant bearing trace and, when a plurality of
measured bearing angles and possibly a plurality of measured intensities
are associated to form a bearing trace, the respective estimated values are
added in a weighted form, forming the trace state vector (x(k/k)) of this
bearing trace, and this trace state vector (x(k/k)) provides the output vari-
ables of the trace state vector, predicted in the next clock cycle (T ), for the
relevant bearing trace for prediction from =k to t =k +1, and

in that bearing traces formed in this wéy are indicated as a function of a

trace quality.

2. Direction-finding method according to Claim 1, characterized in that a trace
quality (L), which is added over a predeterminable number of clock cycles,
is calculated from the association probability, presetting a detection proba-

bility (Pp) and false alarm probability (P-4 ) for a bearing angle and possi-



10t his test bl ock. Previous states are reassessed, as stated above,
in a reassessnent bl ock 58 which fol I-8%s the track status bl ock 57.
An updated track list is then stored in the track |ist block 59, on
the basis of the reassessnent of the history. This track list 15is
once again use@VRN NiEEsy wih apianglegniserel S@gﬁe*c‘j‘fe&&iw?éd@&?’?t g6 ew
predi c- tions. cﬁér‘acfeh&icfs?@hléﬁQﬁa_cg‘-?{'dali@_r(?_q i$ @oh?@ra@%ﬂﬁb&%@r(mtérﬁﬂ of
the figures, inthe clains and in the'introductory part of the

descri pti on ca7Thefougchtiboiohaineti béatinglttaceamdon deletdd afrybeteingriede,
conmbi nation with one another. The invention is therefore not

_ _ : oot
restricted Lo WerdPal bigeandl g A8 rpd. (oAt e LORMANLANS 1) "

disclosed. -37- Cains Direction-finding method for detection and
tracki ng of suftieigrpineseRippaRjlitigidlced )(for theosordignalipnedhi 2 f7lpR) PEATINEt s
over the entir i ] ) rm nab i tor
Gsing a direct (80P i ASRH R oG e ML st R i by 266

el ect roacoust i ¢irmed bgdrogdmgss irdidatemnthe wietactorf 8f 4 tar@et2an@thepe bearing
recei ving soun VES . ' ived signals, wherein, in
each cl ock cyclgrgx\%n%%s"zdg)gart%g gogvir?&glrarr?gﬁght erval s, received signals
fromin each case all or a group of the transducers are added cophase
to formarray $y Se: e r ' I a

Shi e, ae 3 FubiEPR ool SRBRM R it B ARG, |
reference |ine{dBhssdMdtibn q&sdsb@ft%m'acme%m@m SdaBing| angle me@@weoml
characteristic is associated with a main reception direction (I, II,
I11) which is assaay atBeasthddinferRRRME RNGELIBEihSd BE fofrh BRk AR es
to the reference line (B), and intensities are indicated as an
intensity plot pesfHy 85RRANY A9udcBioh RE tRTBbdringhgR! &Mk | eV §) ﬁ%i&é&ﬁ
array signals as a function of the bearing angle (0) in each clock
cycle ( T), Whgrekn 1 B &NSdddyptdsthyp trif intaHafP VMR / R L AL loréicié @ $ronT)
in a waterfall plot show bearing traces of successive bearing angles,
and preferred lkeat imf, by acgsarad enarenakizedi digtisticalirdeiver , characteri zed
in that; starting fromt["gce state Mgagtor% (X(k -1/k -1)), which are
deter- mined at the,ti "t (K= -@re &kh associated with one
bearing trace and &&ch na\f@nea.sbeag(ikzg qﬂgl ECPRFEAVEDS wel | as its time
derivative, which is re- Ferred 9@"a8 t'he bearing rate (6 ), and
possibly an intensity (ae) and its tine Zderivative, which is referred
to as the intensity,rat®(&/k-1and f1°4R" errors associated with the
trace state vector§a=k—=5ks i t = k predicted trace
state vectors (x (k / k 94)), W& *sakh have a predicted bearing
angle (OPT ) and its tinme derivative, which is re}‘erred to nge%sth%
predi ct ed bear whgreimthe $a0Rres) beaiing anadss diferenae P8I/t led iR ERS (Y
(aPre) and its tinme derivative, which is referred to as t he predicted
i ntensity rat eor squared intensity difference (aP"®(k/k —1)-a™%#(k))* is related to the

2 meas

2meas respectively o2

sum of the squared measurement error og and

the squared predicted estimation error o-é (kik-1) respectively

o‘g (k/k —1) of the bearing angle and intensity, respectively, and the asso-

~ ciation probability is a maximum when the squared, normalized statistical

interval dg respectively da2 is a minimum.

4. Direction-finding method according to one of the preceding claims, charac-
terized in that the trace quality L(k) of each bearing trace is determined on
the basis of the trace quality L(k — 7) of the previous clock cycle and a qual-

ity increment AL to be:



( APre), are predicted together with predicted estinmation errors, in
that the prediction of each predicted4Prace state vector (xPre (k Ik
-1)) and of its estimation error are used as the basis for the
approxi mati on of a ti;’r}; &roﬁil of a bearing trace with linear

subel enents as tar f‘TT{J i °C del dynam cs, -38- (opre (k k _1)) in
that each predi@ anal I r fo
beari ng angl e (0({g9q§€qggl'?3ér m nrﬁé n%gt&;geg%tﬁg d grt%%tﬂ@y ts,il)brrn}e& 2 :é?{ -
and a nost recedwrbling deglerinithe dnyledntengl e ef ¢ harﬂ.bécepﬂmﬂ tirgatioe df by
bredi cted |t endp dirbiepRlonagicig g B L Bep et Bar eI Aol
the intensity (g{(K of hewyd®dtedtsd B@&:rf@)@%glése@eMéathaﬁmé iRer/bINg the azik -1
and a nost recently deternmined intensity rate (a(k -1)), multiplied
by the clock cyedtd ganojamapr ergusasectbedhe re@gterlatﬁévahzk@t laafialsgnalarm
assoct At on P EBbly el Sl a PSR hEE bPfarBsagiah e of

a measured bea I Ng a pOSSI INfTa

intensity (a%%&xnﬁ&%aﬁbﬁah\mzﬁﬁutﬁ@@ctesearnurws UafE Bt of &h bhétsund$ a
function of a determ ned associati on probabili y, a measured bearing
angl e (eneas(k)ponRtk BQRSEDINERUBRRSHLAST ( BE EFirtspecarmaSiK)FPS pard

cal cul ated, together with a predicted bearing angle (OPre (k I k -1))
and possi by a g §&lu§ré@@abélfeﬁas(&%(k(/kw%rs edtiely &2x1k)) arfdPthedoiardd,
estimat ed bearing angl e pOSSI y an estinated intensity
(a(k)) at the tine t e or val ues determ ned
in this way, t&@é’f‘ﬂlg?d\ﬁkatt'ﬁpﬁ%@teégsi @ Ql?cf ﬁ% rate and possibly
estimated intensity rate, formthe trace state vector (2(klk)) of the
rel evant bearing trace, aﬂﬁAQ\heﬁ(la/lerl)rerWth’eﬂof measur ed bearing

angl es and possi ny a pl,jllg ﬁgty of neasured intensities are
associated to forma beaff trace, the respective estinated val ues

are added in awidh &hotdy fmcbethiat &é&ortd“m@ﬁs@ﬁemyawaetme 1(X6K/ K) )
of this bearing trace, and this trace state vector (. X(k k)) provides

the output var PA8Itas abalty ferementd Ady 4t eecplsetatpd fopeaeh & éEI cytle BRE ihext

cl OCk cycle (Ta)ddeci ket BI of & préaslerhiPable LB CH ddtk &JcRdi totfoRn the om
t k tot =k +1, and in that bearing traces formed in this way are

i ndi cated as a"™MPhEaGEBIY geteanipetacxaalitt ¢ (ko Pecti on- fi ndi ng net hod
according to Caim1, characterized in that a trace quality (L)
whi ch is added over a_predetern nabl e nunber of clock cycles,

cal cul at ed 5 r omeREPHY 2etod aseeNdingi teiang of Hherreceding, CQ"H%tCQE'EqC

probabi ity ( Pt@}ze@ﬁdtﬁa@ﬂﬁear?éyaé‘éﬁa% Q:l@q@b&ésrsw (PEANr&WHariy fbﬁﬁférﬂﬂ-
angl e and p055| an intensit an ang IFe? i nt erval

bet ween two adj%ﬁ,sé}’]t'sd‘i‘?%sé'f‘?doﬁ”%r?afrﬁﬁ‘ﬂ Vs‘?ﬁ?éem\mﬁdc 1§30 MG ?Qy

(L) is conparededfind) aR@ENdsd €ddn nddufehient vEetor thtiréfors ha$ a0hedsurgyy
bearing trace %r for dt?l etion of a bearlpa}rgl trace, wherel n the bounds

(TL = In( 13 Pearingangle, 3 mepsyrgd)ntansity A MeRRiRE dregyen ey and each
predet erm ned pemhatel |tidck &%até dectbBin d4th daBe had hi dsiifatddNbddring ahgles e
bearing trace or the dJoetlon of a true he rlné;strace andJOn t hat

the start of cBRFGHMEEDRST TN A ALESYTRIPY dftedsiynan fstideisdoitereitg
target, and these, deadtinided rég@shcpbAd ahdtrakied flegleddyrget tracki ng.
3.Direction-finding nethod according to Claim1l1l or 2, characterized
in that the association probability of a nmeasured bearing angle
Oneas(k) asd pmbthiryfmmgemambe@cwmgsbbyeaﬂe&sﬁsk)s t@secr@eéc@érrf'eaad to
formone of th lgarln% sasafunctlon of  the beari

at e dieqtion

angl e
(Pre’(k 1 K- f @ﬁ]kﬁ?te”i‘aﬁ?“w‘sﬁ%& ipgeseHEga w@%rﬂﬁé?%i ty
aPre (k| K TGl eRdnbr O Kl syl S 304R1 8 on BARERLISRS

statisti cal pr e frkeds

meas
G;

ly measured bearing angle 6; (k) and the currently measured intensity

aj’®®(k), the own course (k) of a watercraft which is fitted with or is

towing the direction-finding antenna and a constant o-g , as follows:



respectively Cle2 neas + a2" (kI k -1) (aPre (k 1 k -1) - 2 neast
cr’> (k k _1) aaa wherein the squared-B&aring angle difference (Cere(k
I _1) _c)meas (k))2 or squared intensity difference (aPre(k k -1)-
arreas(k))Z is related to the 22 sum of t he squared neasurenent error
0-€e neas respecti ver aa_neasand thea gquared predicted estinmation
error olj(k 1 k -1)°especti vekys Thedal, .t he bearing angl e and
intensity, respecti vggey i Ihe(é)s %Llikﬁ‘ J‘?l on(’ﬁrobabl | ty is a

maxi mum when the squared, normalized statistical interval

respectively dWneret 'Pﬁ’%lndeDP‘ieé@tWS?FW?mﬁntr@t%%%h%&'Eﬁr o (gt
one of the pre Shal; ed at the trace quality
L(k) of each bg(grgfldrﬁgﬂg<I gtééﬁ%lug dettg(r%&nﬁr]%é oh” h}(g?bam s of the trace
quality L(k - 1) of the previous clock cycle and a quallty i ncr enent

AL to be: _-40-..L t r ement
AL of o detlect PHRE T meyiohacedfing (2% e Magetliy P, FhEe
angl e i nterval tézZeofin ttHsm waemar;ﬂmemyldﬁnnéhsn&mt bmlngfarigm ahor pedsibhnal
characteristics is dﬁ ]n tge{\?ternhnable,t fIAt- of
new y det ect ed "BESHS dntgﬂfj ‘:é%ar(? afsﬁo‘@% A 1p form 7 ?%rmgafaqenat € XoFor

mut h panor anme ot (k37 anssvBrigieet Matrix tA ) afdgirklidabbe b ah olmatorf afrseal ar m
probability PFA froma predeterm nable density fin- of false alarns
in the azi nut hapaveradrokabilily crtll Aresagsogiatedawith a beguirg tagep Htat eftimen
error sumsS fr m t he sq%gr ed neasurenent error

respect | vel of Sl ESat HeFE G anpsmanaleaaory B amhtad U ot
0-
e 2 iﬁ%’léléb of ISy s, BELBISShici O Bb fifled i\ £ bLAGYy

1115812 n; pyp(k) of interpretation hypotheses for association of measured bearing

angles and possibly measured intensities and possibly measured frequen-

cies with an already existing target trace, wherein ¢; ;(k), j =1..., nj pyp(K)

indicates the weights of the hypotheses, to be as follows:

g hyp(k)
x; (k)= ) ;Ci'j(k) X; ; (k),
where the overall probability ¢;(k) is determined to be:
i hyp (k)

c; (k)= Zci,j(k)
j=1

and the covariance matrix P, (k) is determined to be:

nj hyp

o 6 09+ e ) s 6) e 66|

P, (k)=
j=1

—

8.  Direction-finding method according to Claim 7, characterized in that the
possible bearing traces are stored continuously in a bearing trace list,

which bearing trace list has, for a bearing trace i at the time t =k, a state

vector x;(k), a covariance matrix P (k), an overall probability c;(k) and a
status indicator SA;(k) in order to indicate whether the bearing trace is
confirmed or is provisional, and a counter ZA;(k), which is incremented or

decremented as a function of the existence or non-existence of a sequen-



where M denotes a neasurenent vector dinensionality where M=

1,2,3,... and the quality increment (A%) is recalculated for each

cI ock cycl e and is added over all or a predeterm nabl e nunber of

clock cycles to formthe nost recently determned trace quality (L (k
el iy

- 1)). 5. Diredfi BRIINRYYCHEEHA R UBR iy, 1o BRIt
claim, charachffidfedinhdainb hBe i@ iifith HlelR & pBLEhIBT Qm%ﬁdcohﬁ.c@

narrovx/oand form an intensity i s nmeasure requency
det ermi ned f or with@hcanfiemen eeprivodiecag angl e, and each rreasurerrent
vector therefore has a neasured bearing angle, a nmeasured intensity

and a neasured freque m& and each estimated trace state vector in
each case Ras &lireetan-finsingdmesthedi angording to Claimes of Garkaragiedzddniy that e,

an estimted | RuenBbiihg beGs IvEBIEiLd B} %Séé@{%{ Bldha (UL BR rgga&f?&h

frequency and an esti frequency rat rection-
met hod accor di ggnfli¢}, whichotccarsayvhen e twas bearingr ﬁ@qe@rqrfz@@oclﬁtedﬁatgetSm

direction-fi nd'aBEeé'}Qatt%Q&%t;S ggﬁ@ b%a n'éé‘ﬁﬁg'! ant enna, wherein the

measur enent error meas o e bearin ?e is a function of the

current- |y rre&é‘@ffmi $tﬁg38a¢f@ @solufier) C@ﬁ@tﬂﬁéenﬂrﬂqumﬁhmd
intensity measp sotheses, on tﬁé‘gﬁgg"gf &Q%éghtoPl( {%\)é) Qéarﬁﬁ}[’{géﬁna rét ggs W ch

is fitted with or is town Irectl
constant ao, a§ame|nnemyremerm- where the |ndex j denotes a

nmeasur enent Obra%gﬁgtnﬂ c&ﬂﬁctté W%aenhﬁed Ks ‘Nawﬁ P?{j\ Jmenng lé)a%arahon be-

measurenents, where jJ =1, .,nm(k rectl
according to ofeeas athYéoﬁbﬁélééEﬁ”h@t taagt ape qtﬁl@@ 4wo bﬁéﬁmgzl-'!écﬁsnammﬁle

when a pluralijgaqRly ﬁ%%%é%%?ogbfﬁééﬁ}% @éelgr Esnida ROER RLY cpBasHIES

intensities are associ at orma Ing trace, a state vector
xi (k), a covar legadamapiedgteppiapdivaluei ndi cation of an estimation error
and an overall probability cl(k) are associated wth a bearing trace

i at a time t=k, wherein the state vector_ xi (k) is approximted from
a wei ght ed 18unPsectienginding methodfacrerdingi taulpims P agharaaienzeddn Wiatch ther e

determned fr O%rﬁ.rmber@ahhy ti2e¥ Ré 'ﬁ): Qdiert t'ﬂ?aﬁrtﬁé %saowtfan dovaet Bﬁé%énf or

associ ation of neasured bearin es and OSSI g measur e

intensities anfmgssBexing tﬁ%‘@s'ﬁq@lﬂe Foetﬁ\ﬁefﬁétpélsoﬂ/\#‘?h eaiing| trasgayhich is
exi sting targebsdd-pf&y wmﬂ{a? 'h?p&hésﬁé‘)vhoée S'épafatlon fFH?ﬁ( B{ek%%a.ﬂ? h¢RdtRS

t he wei ghts of the hypotheses, be as | ows:
cal () esis is less than the predetermmed value whereln the corifirmed bearing

trace is rejected, or is removed from a bearing trace list, and the number of

confirmed bearing traces is reduced by one.

11. Direction-finding method according to Claim 9 or 10, characterized in that if,
for both of the bearing traces which are subject to a resolution conflict, a
hypothesis exists whose separation from the leading hypothesis is less
than a predetermined value, the bearing rate of both hypotheses from be-
fore the start of the resolution conflict is compared with the bearing rate of
the currently found hypothesis of the confirmed track, and
if there is a match between the mathematical sign of the bearing rate from
before the start of the resolution conflict of only one of the two hypotheses
with the mathematical sign of the current hypothesis of the confirmed bear-
ing trace, the confirmed bearing trace is linked to the history of the relevant
bearing trace, the confirmed bearing trace is rejected, or is removed from
the bearing trace list, and the number of confirmed bearing traces is re-

duced by one, and



where the overall probability cl(k) is determ ned to be: ni, hyp(k) C
(k) = Ec,,,(k) 1=1 and the covariance4datrix Pi (k) is determined to
be: ni ,hyp(k) cilooci, j(kkl i1 (k)+(xi, j(k)- x10 (xi, j(k)-xi(k)Yr].
i=1 Direction-f dln accordln racterized in
Lnat the_poss; B BBORATTRIE Pbes Hitmaremalca e st BTGP g HEgRH | ng
tL ace list, V\:Elbéfbréﬁlﬁ?é lswg Mméerelsd)l&tﬁorhaﬁnfhdtcdf the mwp@h&@cl\%m ties

the time t = te vect covariance _mat ri x ,_an
overal | pr obab TABGNEIEaL RS g e Soubal s Siaaie it SRR bEagtiase « o
i ngi cat e whet hefie ﬁkqgmshaﬁbfmg bbéﬁﬁgatra&sm@gbmmgdpénd S provisional,

and a counter 7 i ch cre ed or decrenente

functi o of -t hdf o5 aolte 8 he chRESEE eeerb frecE it Blensty 85n cony

li kel i hood quomrrﬁ@d beadrig tdicet rel thenBtehsity &, ornef tha t\lvdSIbeﬁﬁ’Gg)fradé‘d%k)

whi ch i ndi cates barln trace for whi

osol ut on_ contPIES irEreRsutsT saist raBhpeiivs e it Srghe PESaRindn Gon-
Dihr ecti OR L [ ndiflra:gusmeééﬂtv(dnalee:ﬁfadhmgjet@ftaﬁk ?Ifme?mcerbe&vee@haéaatrfemﬂ iged- i n
t hat eac eari ace vestigate r the en of, .a

bossi bie rasol ST 8hiBarpTTd Deghns 368 car She.nbshelth o e bt ey o
traces of asso@eaﬁ@tréwsgmmeappmreabluasnse:mficﬂlfrbm bdieresngretaftaditheng
angle, wherein_th eX|st ce of a resolution conflict is identified
when t he | eadi ﬁﬁsaﬁv'ﬁ&cﬂ@ on the basis of the weight, of two

beari ng traces tyy cadisaed Ibeamgmacfmssmedrmthe listogsefl thé irglavaro bbbt | S
identified as havi epar ati on between a ot,hesi s
fromat |east 6’&8 ePﬂ%‘”ﬁ'\?ﬁhbﬁéﬂ'?q a q pdeigstednd ﬁ%“?‘éegt}f‘?%@tthe bear-
hypot hesi s of ingoracd g, bfidites aambér ofecbrifiméd ®eb@g] tradescis reyiadedl by

| ess than a predeterm ned value. 10. Direction-finding nethod
according to CP8¥m 9, characterized in that, if the confirned bearing
trace is no older than the resolution conflict, the confirned bearing

traceisli1 ke toth Sto{ﬁé of t earl trac i&his
associ at ed ' "Fﬁté” HV@I&W& Sﬁﬁ/ﬁ%r 8‘9s8p°é‘|ea‘? B pf%%?’h”?r? iCEGIR)
hypot hesi s i s batorn vith Qldie @rc@dastoﬁnfrlzbﬂadtmaba@qngv*mjeeidﬂ irfdivedual fre-
confirmed bearing trace is r
Crace 1Tt andueny RERees phFhEsh rherh GsaTTeiGET g aSers of ERMAER oy
one. 11. Di recfreqmerfcymdeﬂgrmmdmdeca&nmrdlsmgzdled @ludti-inebeaaring @races of
Cubj oot to a r BSAARY ok ety dReS STy madRer8d b 3Gt B et
separ ati on fr owithinea predetemginby froithesi s is | ess than a predeterm ned
;/ﬁl ue, tlhet bear i ngflratte of both hygot _hteﬁe;shfrgm before Ehe ?tﬂlt of

e resolution conflict is conpared wi e bearing rate o e
currently fldundirbytpotiiregigsmethot taecmrdimgito iQedimt 12 ckaraatedzed intthatrreultis a
mat ch bet ween hee marth m%tl %al ﬁi&n qf L mt%eearler%@?rrtﬁt gefron&bgga?re
the start of t P%%lﬂg 4551 LB SPTTREr o F ﬁﬂ/o}é REFWY
hypot heses wi t rngtdam ofed byeaeifici healing trgoe of an hmhwmlat gaqudmngp bnddiffess inf
t he confirnmed beari,n trac .t he fir bear i |sI|n ed to
2 Srior) o B MR e
race is rejec jngomate ef then®e ifer ng rigac assbeera e
nunmber of confir n
Thore i o a o CHOES BRI sl Brnd, deBANE B nebl B Voo S oo Bianld
frombefore t htras&mftmd)\indméiéreqesrnﬁyumesnombm{abl nrcmlsyhultlhieeﬂoaermg trace

hypot heses wi th, 4 he  mathenat r{gttgél Sk Rbii0S ueﬁé} Ibrtylg%l.l;h lySs o

the confirnmed bedring trace, ntensrties of eari ng races
are conpar ed, eamioved from the relevant multn line bearing trace and is managed as a

new multi-line bearing trace which, however, comprises only one frequency
line, and all the further bearing traces of individual frequency lines which
cannot be associated with existing multi-line bearing traces and cannot be
combined with one another are managed in the same way as multi-line

bearing traces with only one frequency line.



if the magnitude of the difference between the current intensity of
the confirned bearing trace and the ififensity of one of the two
bearing traces involved in the resolution conflict frombefore the
start of the resolution conflict is |ess than the magnitude of the

di fference between the current intensity of the confirmed bearing
trace and tide imteeﬂ&i-fn)ﬂu@j lrtsl’laﬂ!athirh&r defectldﬂEaboMrabeﬂg bﬂg,ldcémbear-
involved in the resq L@)n confl ¢ from bef or @ ng start of th
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rejected, or i ve t he bearin n er
of cont i 7red baarTRgne eehSY pect R B ahagt GRERs 155 "3 Faiad SArreRg ng
met hod accor di figding anenref (t)h@:trpraemenhpngtycd»faelaarda&oastiasbd;rnamb@ctbusm h
Claimb5, chara tercljzed |£ tggt r| ng traces of individual fref} ency
lines are prodo@8 USRRef Y19 AYEr WRKRS 379 PrRfuging
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and, 11 euch & HECE Brife dSBrns Tnadel Ph aPVinD diralAtcy ST e
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i s managed as new, ti-line beari .rac ic owev .
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anot her are maf8§e§7ee patelial P ?armgﬁéacﬁég PURGePFWERRA t h

only one frequéncandidsnand prederredlidearibl tracéd edn e mdikad biynstadkkat i on for

detection and tyacki ng pf successive bearing angles (0 ) of

sound- emi t ti ng “tAFH 'ge(gver the entire azinuth panorana or a

8 redet er mi ?abgfm ihat mm}}dwgsmt-mdéng lﬁstlé@dtbhm%aﬂglmen ¢|ﬂﬁrf($) m%nému’:] start-
irection-findin od accordin ns to avi ng a

di oot i on- 11 ndiigrart é‘??ﬁaSt?tf)V‘%ﬁf‘trg(é?’ﬁmWﬁ D1 HHIGH Fe @egrTIREG AT | o

or (0Pt 0acoust | kel ANRAYC B cSeddh dbsodaida it bellarh §ab LATSGHRELYAY oS

and produci ng received signa aving a orner,

desi gned such bpaing angle&@h aéIWﬁHI@SdSﬁdlf@e dﬂtﬂ/a@@amfa@ma rbﬁremedri@as the

intervals, it adds re d S|gnal each case oup

t he transducerg 533 (\[6)3 oAk ass Q'yagl RAPY &) gpd atsptll é%ﬁ?

time delay andbvuarchpr@s.%fé}mdf ttoassatfdinatehsity btd h&i) GRPnRidel férrors
arrangenent with respect to a reference line (B), wth each of which

array signals &PHi+Hét- Dhawhidhararet essostater | withastbeciracedstalet Iveatormi n
reception direction (I, Il, Ill) which is associated with a bearing
angle and is afX(ki-ghk -dhgtiace tstatet Vm:tcpref(ar"@ﬂcldﬂri)r)emma) areaprediatedi fog

cor feaponding PEH H%%%Bﬁf?a{eﬁf&g Tet 1 B.and B hevecd Pt hepans
function of t h%%g aqﬂ)g its tlrg'ng)denpatﬁlgc G,]h%h% lfef‘éyrgé % ga%_ {Ere%nﬁted

i nt ensi ty pI ot I nt ensi successli ve C

(T) in a waterpghdng mafg @h@yvé?@%dsgagn t4 Bt mﬁéﬁ%&%@éwye ahs%'tmge

angl es, and pref erred bear| ng traces can be marked by a tracker,
characterized Herivaioé whith islrafeedd Dad the rédicted Fitenditatraten aRES, s man

predicted together with predicted estimation errors in a prediction stage

(6.1), wherein the prediction of each predicted trace state vector



in that the direction-finding installation has a neasurenent data
associ ation stage (8) which is desi grréé‘such that it in each case
determ nes an associ ation probability of association of a neasured

bearing angle (enpas (k)) and possibly a neasured intensity ( aneas k
) for one of tH& béark nd)anddissestimasioianongreiusashas thebagis for the ap-

determ ned associ ation obabi lity, .a nmeasured bearing angle

(moas (k) ana RoatPi, S RRS b of RBREi 56a RERLLRA) Shefents =

cal cul at ed, t ogagbemotiart ihodelplyealnicked bearing angle (e (k k-1)) and
possibly a predicted intensity (aPre (1d k -1%25,/#0 forman estinmated

bearing angl e (VEkgin leagh Predicted tepring anglei (Rl ntiehsan pe (@lqujatedht
the tinme t = k,._angd the estinmted val ue V, es determned ipn this
way,  toget her iEhherare Sl Mbeimgaerny s & HRaRBed e vl ec
| ntensi Ly 1Al eqnd G LG T AP0 Fhitk Fodkilh btelinba brifl riBR R LENAN!
bearing trace or, when a pl ura?lty o? measur ed bearing angles an
possi bly a pl umadtiigligd @ theauk egklé T ¢t tHeesandy Beaa®gacical &l pessioly m a
bearing trace, the respective estinated values are added in a

wei ght ed f orm epeh prasictecintansiie 63T dt/d L eaT bg calulpter)fonpthet $1ing of

out put var bl 45 BephE (e SBrintdig! <Bhun b e’s he e
ctock cyele ( Tndst by eieiilrUaRtenBBAr @l 268 (riw%l’iiplﬁdeﬁi)?ﬁééggclirom

t =k tot =k +1, and 1n that the display neans
desi gned such ftheé (béafitigsdmabesirfgdraved in this way can be displ ayed

f ' f Lity.. ~-46- 15 Di | on-fj ndi -
mstal a1 on albbuIG Eate b selion 8p e Bt Rk oaf s capen.
to predict the stagedBrwiidh & ddsignedstion thgt itlin &adPr @asgldeterkines)an=jsSBi+ 1)

. (k1'k-1) F k(k - 1k -1) OPre (k k -1) respectivele/,%(elggeSk Kk
-1) = OPre (k Iation prebapility rf aggociation pf agmeasyrkd pepring pngle (© (k))

Meas k)) for one of the bearing traces,

and possibly a measured intensity (a
wherein as a function of a determined association probability, a measured

bearing angle (®"°3(k)) and possibly a measured intensity (a"%(k))
are calculated, together with a predicted bearing angle (©”"¢(k/k —1)) and
possibly a predicted intensity (aP"® (k/k —1)), to form an estimated bearing

angle (©(k)) and possibly an estimated intensity (&(k)) at the time t =k,
and the estimated value or values determined in this way, together with the
estimated bearing rate and possibly estimated intensity rate, form the trace
state vector (x(k/k)) of the relevant bearing trace or, when a plurality of
measured bearing angles and possibly a plurality of measured intensities
are associated to form a bearing trace, the respective estimated values are
added in a weighted form, forming the trace state vector (x(k/k)) of this
bearing trace, and this trace state vector (x(k/k)) provides the output vari-
‘ables of the trace state vector, predicted in the next clock cycle (T ), for the
relevant bearing trace for prediction from t=k to t =k +1, and

in that the display means (13, 14, 4) are designed such that bearing traces

formed in this way can be displayed as a function of a trace quality.



APre (k / k -1) _ for the bearing trace, a predicted bearing angle
(S)yre(k/k -1)) and its estimted r at e*&f change or bearing rate (OPre
(k1 k -1)) and possibly a predicted intensity ( aPre (k k -1)) and

its rate of .ch e.(aPre(k/k - 1)) are.deternm ned, corresponding.to a
[ mear subdPemtieo i pletbhacBbBrgip SR GERATRRR A EE i &
-1)) det er m nedrdarsd pregliveiiiel predittetilstatd vertot = k -1 with the bearing
angle (6(k -1/k -1)) and possj bég the trace intensity (6(k -1/ k -1))
and the nost recent)Jp/e(gg;igrﬂrl gedri N :y:a%gj _1-)1/k - 1)) or
intensity rate ((k -11'k-1)) Priegj/ikech y t clock’cycle (T ), to
give: OPre (k k -1) = Ck - 1k -1) + k -11 k -1) T OPre (k I k -1)
= Qk - 11 k 1) and possibly aPre (k ®Ipre-,;)k_:1) (k -1/ k -1) + a(k -
1/ k -1) T in that, in a separation cg}e ul ati‘an stage (6) which is
arranged downst r earedpeemehherpradi-cf Lof stade~15_19. ok —uhe_Kal man
filter (5), association probabilities|aP&(ddtetni ned of an

associ ati on between the nmeasured val uegrgfk))q measured at the tine
t = k, with neasurenent errors ( cr2 as respectively ca2 neas) of a

t ‘ . ‘ . ‘ . P
TSyl TR COUk RS e Bl 5090 Rt oh gk 4P
POSSL TSk SRS o el Pl LASIELEMS £ e

bet ween t he di L= Ad-  epre / t ,BERIY, v
(4k)) and the %ﬁ% '(?%eer%%%t(gt e&v/gt%)r Qﬁé ;ﬂﬁq?tgs%g%h%ﬁ?%%%he sz{mfga%gf
their errors, usteirmed] dRresppading toodlirkzk eubaidmon Etaagarribd lratofrom 4 he

2ssoci ati on ot HGEP Yeor (ke W k-t ehited 5osk respbHE RaIHEN T ter
Lo 1) S S L T T B Sy
is estimated inpzthe filter a ( f h jcte te
vector (xpre (ga%hfl{%) 1§a)nda;ﬁ sg'gest?nrra i(gén&?fl? ofde?%g‘ﬁuee%( kﬁ'efa?{z@_ 1r)at<3
and t he neasur al yes 2. . s an hei.r I

covari ance mat ?}lg&ly—(u)*_ug?ﬂb'lr]ﬁeﬁglt}né)ées{]ar(gﬁgﬁ%_mt%' qu %H bgﬁ%E'BC‘bcy&'eo 1
0 and the matrix)Kolglve= PPre (k / k -1)HT[H PPl (k I k -1)- HT + and
t he covariance matrix of the trace error_is determ ned to be:

P(k | k)=p _K(k)Fl ioPRKkekkhik= 614 -1fk - KHOW— HkK(BH)F R K(K) T with the
unit matrix |, in that the next predicted state vector ( xPre (k +
1/k)) and the next ¢¥kdietec-egtimation error (PPre (k + k)) are
predicted therefromin the next clock cycle for the timet =k + 1 in
t he predictionaBdagesifls. 1) of the Kalman filter (5).

aP®(klk -1) = é(k—1/k—1)+§(k~1/k -1N-T
aP’*e(kik -1) = é(k -1 k-1),
in that, in a separation calculation stage (6) which is arranged downstream

from the prediction stage (5.1) of the Kalman filter (5), association probabili-

ties are determined of an association between the measured values (z(k)),

2 meas

measured at the time = k , with measurement errors (og, respectively
o288 ) of a measurement covariance matrix and the predicted state vec-

tors (xP"®(k/k —1)) with the predicted bearing angles (©°®(k/k -1)) and
possibly intensities (&°°(k/k —1)) with estimation errors (PP"®(k/k—1))

by determining a squared, normalized separation (d12) between the differ-



16Direction-finding installation according to Claim 14 or 15,
characterized in that, in order to deférnine the association
probability of an associ ation of the neasured value (z(k)) neasured
at the time (k urement er e
State vector (TR} bR TrRlnthl it e Dok FeBreich St )
the separati Onvéé’eb:CM'ttﬁFe'sB@ct% ﬁ%esuér@%sjéftﬁéﬂ Loyed by a trace quality
cal culator (9) having a cal culation stage (11) provided on the input
side in order tothehthaisenasationecalguiationitiede (R deinstheafeedipackt pajle érom
quality (L), t%ﬂ%ﬁ?ﬂfht@ﬂ(d@ %béméabﬁ%n{eﬁpba@%s{ﬁétﬁﬁﬁé R @), to afil-
probability ( A ) ofa bearin ? In the angle separation (AO of
the main receptt‘?f(ﬁﬁagﬁ(ﬁé’dpf@ﬁ*( man figgr (Plo adj acent directional
charact eri sti c$, fbes Rhededces T s'f&tthéhg frdl § BétfoalcR Bbiind fdee0f . and
a downstream bound conpari son VI ce f at whose 1 np
probabilities a and 13 are,predetermn gonfirmgtion of a false

trace or deletion o¥(kékhfﬁe thl4cel HM"%‘Q ri/!icé quality (L) at

the output of the cal cul ation stag corrpared in the bound

conpari son devi'%:@st"l‘?t)e wint H"earﬁ"tﬁﬁoﬁéﬁgeaﬁéiz)a fogdhe H%S%‘Fi%fe%‘ﬁateﬁ’?d%r
addi tion of the %/kngﬁ n% fis eStithhfid{ &ddr @B %?E-S-H | tnéd%%aas%?ed

|ntenS|ty(n(k Ol’mapOVISI nal or c earing

trace, in orde(,alhgs Phaaﬁg{)?taﬁdﬂbwrgggs lré}ge \9%?%;7? &ngto del ete

t he bearing trace, t earti ng an possi bly

trace intensitiygipg e fehsdfeherimbtie out put of t he Kal man filter (5),
to- gether with t%e out put signal fromthe bound conpari son

arrangenent (12) for theOadsoljated trace qualities (L) are passed to
a register (13) for bearo ingotraces, in that bearing angle (0(k 1k))
and possibly trace intensity (a(k I k)) is connected via a port (14),
whi ch can be cend ihsl meldixby t he bound conparison arrangenent (12), to
the di splay neans (4) on which thebearing traces arg, di splayed. 17.
Di rection-finding iKis}aPP&ik on- aa)bk,TcLﬁ-ldPP{@(ltldrﬂﬁeHBHRfai ms 14 to 16,
character- ized in that a squared, nornalized statistical separation
(d2 (kik -1)) dd{He dovhnarib)a matyx()f(thbtmi:ée errSFlﬂs(detérmhed:k;b bey(k I k -1)
where y(k I k - 1),, z Hi Pre I i s det mnedlntlys
separation cal cul afis )ﬁ[égé(/()@)] ff’pre(kt/ésﬂb My KteHiiss 66KaR K(bh

probability of the association of a neasured bearing angle (Oreas(Kk))
and possi bl y awiie#xuvdmeiixdnsity (ameas(k)) to forma bearing trace

usin
g in that the next predicted state vector (x*™®(k +1/k)) and the next predict-

ed estimation error (PP"®(k +1/k)) are predicted therefrom in the next

clock cycle for the time t = k +1 in the prediction stage (5.1) of the Kalman
filter (5).

16. Direction-finding installation according to Claim 14 or 15, characterized in
that, in order to determine the association probability of an association of

the measured value (z(k)) measured at the time (k) with the measure-
ment error (R) and the predicted state vector (xP"®(k/k —1)) and estima-

tion error (P”®(k/k —1)), the separation calculation stage (6) is followed

by a trace quality calculator (9) having a calculation stage (11) provided on
the input side in order to calculate the likelihood quotient as the trace quali-

ty (L), the detection probability (Pp) and false alarm probability (Pr4) of a

bearing angle in the angle separation (A® ) of the main reception direction



t he gl obal nearest nei ghbor nethod, wherein the squared bearing angle
dif- ference is related to the error ¥8m (S(k | k -1)) of the
nmeasurenent error (R) and the estimation error (PPre(klk - 1))

predi ct ed fromotftvﬁoléd nd th§icgrobabi

-1 {01 = ity of, t |
association is a Naxi ﬁéﬁ&t\,ﬂ{rgﬁ“?'}% CE%{@&‘F@ (fOF r‘?ﬁﬂe;eéé"nse[daﬁtiqg? futher
separati on ( d2)puts therenfnamiardoddstredhT emindarenfpandomdevicestia), lattvhose
according to C.aj haracterjzed in that .a te circuit (7). 1S
provi ded bet V\ee'rﬁpl{%ézdgg%gt?éast Fol"c &l %{F?%ﬁ"”%'{‘%‘ggc”_(%?#“m‘?ﬁ"? ﬁéa)false
measur ement dattgca s Aelefibn 8Na §LEIRACE SN thdt We FREPGIAIBOMN) af tHeRutpgefr ed
-49- normalized statistical separation (d2) between the neasured

val ue and the pregfiefiairnedegadilels cemnzeedinttite Boydeepsirarigemasviee Jal e

val ue, in that Jithearg@$per @htl QUblvef Bduridl @Y% EN})Sof B&IIRAIERE be B I ed
statistical separation ( d2) being passed on at the output of the
separ ation cal gél(atk)pranat m@eibloihel ffradehihﬁen%p@é@ct/k%ntd for@l £ pkihsidrfn a
predeterm ned gate value, in that the gate val ue I s determ ned
using: G - 2 | @nper gonfirmed pBpring 3es), ordePRAnibgtepr eevebeanng teace or in
detection probabil '

separation ( A@r‘ierg%%te%ge[)hé %ﬁ’@@é%%{eoiﬁeﬁ%tlrtggtblaegﬁrl‘qe)?%‘@_ﬁ%?éﬂﬁggﬁsg‘?c’
sum of the squipadPiisth ifiendfil kP75 Het A B katklat el
error (PNre(k lkethb) withwhebatpM sigmatem feMdasd cempatisonesitaigement (12)
di-mensi onal i t y‘forvmee %‘sasol\élia:te& tra%é:e3 qualities (L) are passed to a register (13) for bear-

ing traces, in that bearing angle (®(k/k)) and possibly trace intensity

(a(k/k)) is connected via a port (14), which can be controlled by the

bound comparison arrangement (12), to the display means (4) on which the

bearing traces are displayed.

17. Direction-finding installation according to one of Claims 14 to 16, character-

ized in that a squared, normalized statistical separation (d 2(klk -1)
d?(kik -1 =yT (kik-1)-S Y kik=1)-y(k!k-1) where

y(klk =1) = z(k) - HxP"® (k1 k - 1)
is determined in the separation calculation stage (6) for testing the associa-

tion probability of the association of a measured bearing angle (8¢5 (k))

meas

and possibly a measured intensity (a (k)) to form a bearing trace using

the global nearest neighbor method, wherein the squared bearing angle dif-
ference is related to the error sum (S(k/k —1)) of the measurement error
(R) and the estimation error (PP™®(k/k —1)) predicted from t=k-1 to

t=k, and the probability of the association is a maximum when the

squared, normalized statistical separation (dz) is a minimum.

18. Direction-finding installation according to Claim 17, characterized in that a
gate circuit (7) is provided between the separation calculation stage (6) and

the measurement data association stage (8), for comparison of the squared
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normalized statistical separation (d2) between the measured value and the

predicted estimated value with a predeterminable gate value, in that the

gate circuit (7) prevents the squared, normalized statistical separation (d 2)

being passed on at the output of the separation calculation stage (6) if this
separation is greater than a predetermined gate value, in that the gate val-
ue G is determined using:

Pp - A®
(1-Pp)-0)M/2Pe4 i8]

by presetting a detection probability (Pp) for a real bearing angle in the

G=2'In

angle separation (A®) of the main reception direction of two adjacent di-
rectional characteristics and a false alarm probability ( Pr4) taking account

of the sum of the squared measurement error (o-émeas) and estimation er-

ror (PS"®(k/k —1)), where M denotes a measurement vector dimensionali-

ty, where M =1,2,3....



