1 Direction-finding nethod for detection and tracking of successive
beari ng angl es The invention rel ates t a direction-findi ng net hod
for detection and tracking of successive bearing angles of targets
whi ch emit broadband sound, over the en- tire azinmth panorama or a
predeterm nabl e azimuth sector, using a direction- finding
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5 characterizing clause of C aibgatingangless a direction-finding
installation according to the precharacterizing clause of C aim 14.

I n sonar technol ogy, a passive direction-finding installation is used
to nonitor the entire azinmuth or a sector, in order to detect noises
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mai n reception directions, which point in different adjacent
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20  width by a predeterminable group or all the transducers in the receiving antenna
are added with a propagation time delay or with phase compensation, and co-
phase to form an array signal, as a function of their position with respect to a
reference line, the main reception direction of the directional characteristic asso-
ciated with this array signal at right angles to the reference line indicating a bear-

25 ing angle. For this purpose, the amplitudes or the levels, or in general the intensi-
ties, of the array signals are displayed via the bearing angle. A bearing to a target
or a plurality of bearings to a plurality of targets is or are detected by means of a
suitable detection algorithm, on the basis of these intensities of the array signals.
This indication is continuously updated from one clock cycle to the next. When

30  the target changes its course with respect to the direction-finding installation, the
bearing to the target changes. In this ;:ase, if the target is approaching the direc-

tion-finding installation, the intensity of the array signal increases. If the target is



tion-finding installation, the intensity of the array signal
increases. If the target is -2- novi n&‘away fromthe
direction-finding installation, the intensity of the array sig- nal
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geously displayed.

Bearing traces over time have a profile which generally corresponds essentially
to an arctan function. According to the invention, these bearing traces are ap-
30 proximated by linear subelements in that, for in each case one subelement, the
profile is predicted by an initial value, specifically the most recently determined
bearing angle associated with the bearing trace, and the gradient of the subele-
ment, until the next measurement of the bearing angle in a state vector, and a
next bearing angle and possibly a next intensity on the bearing trace arefis pre-
35 dicted from this with an estimation error which takes account of a trace error
which is associated with the most recently determined bearing angle and possi-

bly with the most recently determined intensity. Since the measured bearing an-



which is associated with the nost recently determ ned bearing angle
and possi- bly with the nost recently*%eternined intensity. Since the
nmeasured bearing an -3- gles and possibly the neasured intensities
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invention is autonmated initialization, 'extraction, confirnma-
bearing rate and possibly intensity rate as output variables of the state vector
predicted in the next clock cycle for the relevant bearing trace. Bearing traces

25 formed in this way are displayed as a function of a trace quality.

In the direction-finding method according to the invention, the prediction may
relate to the bearing angle or to the bearing angle and the intensity. The same
prediction algorithm is used for all predictions, and is based on the approximation
30 of a time profile of a bearing trace with linear subelements as target motion

model dynamics.

One advantage of the invention is automated initialization, extraction, confirma-
tion and deletion of bearing traces without any operator action. A further advan-
35 tage of the direction-finding method according to the invention is that a probably
curved profile of a bearing trace can also be approximated by linear subele-

ments, because of the density of the measured bearing angles over time. This is



tion and deletion of bearing traces w thout any operator action. A
further advan- 35 tage of the directidh=finding method according to
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25  of a true bearing trace. The most recently determined bearing traces and their
assessments are managed in a bearing trace list, and are displayed correspond-
ing to the trace quality. These confirmed bearing traces can be marked, for ex-

ample by color, and can thus be associated with a target.

30 In one advantageous development of the direction-finding method according to
the invention, the bearing angle and possibly the trace intensity are determined
from the predicted bearing angle and possibly the predicted intensity plus the
difference of the measured and predicted bearing angle and possibly measured
and predicted intensity, taking account of the estimation error and measurement

35 error. This results in the bearing angle fitting the estimated bearing trace better

the less the measured bearing angle and possibly the measured intensity differ



the invention, the bearing angle and possibly the trace intensity are
determined fromthe predicted bearing-angl e and possibly the
predicted intensity plus the difference of the neasured and
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25  path of the sound waves between the target and the direction-finding installation.

The advantage of one development of the direction-finding method according to
the invention is that the confidence of the bearing trace display can be varied by
the upper bound on the trace quality. If the probability for confirmation of a false
30  bearing trace is intended to be decreased, the upper bound is raised, and the
number of confirmed bearing traces is reduced. This makes it possible to sup-
press bearing traces which are produced by reception of sound waves via
sidelobes of the directional characteristic. Bearing traces from positions astern of
the watercraft to which the direction-finding installation is attached, caused by the

35  sound incidence of a propulsion propeller, are likewise suppressed.



30 bearing trace is intended to be decreased, the upper bound is
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trace aregolcfdrakgd. 15 In order to reduce the required cal cul ation
capaci tg according to a further advan- tageous devel opnent of the
di rect 1®n-fi ndi ng net hod according to the invention, a gate value is

i ntroducedn ByePRAR U th%é&hre@%afc%léf?ﬁﬁ’%pﬁ t?%@b#dn@to%ﬁuﬁﬁé«%vﬁh-
tion is bel ow a predeterm nabl e value are sug resse he quality
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ously esti @fga?éjvaﬁé‘fs' |H1906Jc§89§y h8arky of'vml@H Sats- witdde &&a%ﬂﬂ“é%%@ma-a
trace quality is determned fromthe association probability, with

the ai d of tigh jSRRIRW eredeteMiable valg aregiyppiess®d.- The | i kel i hood
quotiepp is known fromradar technol ogy for tracks 25 of target
positions, _and is described, for exanple, in Chapter 6 of the book
"De- sign dR8 uAkly ydihswigjeh F\Vtﬁj@leﬁsurﬁ%@%rﬁ@ GHee e ingRtegdRipelhe mradk man

and 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-
tensities are estimated using the predicted bearing angles and possibly intensi-

ties, and bearing rates and possibly intensity rates, together with measured bear-

35 ing angles and possibly intensities, and bearing traces are determined therefrom,

and are displayed.



Robert Popoli, Artec House, Boston, London, 1999. However, no target
positions can be tracked in passive -sonar installations, since only
bearing angles are neasured and the di stance between the
direction-finding installation and the tar 30 get is unknown. The
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tion frequéotyrenaeryysraages ahdrfoexaamble, comppsesse cylindrighl bate] @afladkase,

a flank antenna, a towed antenna, a so-called conformal array or conformal transducer

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

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

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

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



antenna, a towed antenna, a so-called conformal array or confornal
transducer 25 arrangenent, or a pl anars'array or planar transducer
arrangenent, as well as their downstream signal processing
algorithns, as stated in DE 10 2007 019 445. The array signals from
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account of nmeasurenment errors and estl lon errors, using the gl obal

nearest nEPBHBEN PRIGHRIPN(SEES- met hod) . This gl obal nearest nei ghbor
nmet hod 1ps de- scribed in DE 10 2007 019 445 for testing the

associ ation of bearing traces which are produced bé di fferent
sensors i n f&edrrltilite /f eRerfiatigni dist melaawrﬁérbeam apgiganitls ap ggimpted j
par ti cul ar pebfidy trsﬁec&%stpoﬁalﬁga@h@ ﬁ%ﬁé@' AbInfize® s{a%m@ac §é}§dré%nbé‘t

means of the cost matrix specif here, using th
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separ at i on {hetwpaRed BaS YLARY |rp§%fobvﬂgtré’é?\g Icslcamo@s@@@dbfe@t@rmﬁ@ ng
angl e |s produced at the output of the aAé)‘aratlon cal cul ati on stage.
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statistical separation at he out put of the separation cal cul ation

stage is uddewerpound, i e e ‘Hlt%!‘tydﬁla%\rea@'bﬁppetr(?%lé@ eYHFhie detarpined

qual ity inpg seisHiIRAProBALIHa FbraRe %bﬁgﬁuatl&)’oﬂﬁaﬁe‘%éynﬂg trhee bPfhe
i kel i hood quotlent of each bearing trace. This trace quality is

conpar ed i HeRtiongliAdruediasEng digRe.ahe deganefiacoohas Adigh %&@é'tyq and it ifis

cal cul ahor jeisttiRarpl IGNRP BB hich ik FMRed b«@m@le sbfnetda@oébrmsg thbiBeAring 1S
above an upper bound, which is determn ned predet er m ned

probabi | i t '@Se fofeletRd. & Hie iraceaayally 'beegl"qeﬁltgé bﬁé%ﬁsi et the PEoviFionghe

~ 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. 1t is
likewise possible 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 output of the
Kalman filter are registered, together with the trace quality. The output of the
35 bound comparison arrangement likewise controls a port which is provided be-

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



deletion of a true bearing trace, the bearing trace has a high
quality, and if it is 20 |less than a 1%wer bound, which is formed
fromthe sane probabilities, the bearing trace is deleted. |If the
trace quality is between the bounds, then the provisional, estinated
beari ng t r &eontiguationrefithe @psqciated) besringuiyadedn andatensibhiiat & aaeh elpek
trace qual iche.i ncreases above the upper bound, with the bearing trace
becoming a confirmed bearing trace, or it is not confirnmed and the
trace quality falls, until it 25 falls below the | ower bound, and the
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anal ysi s, fegntexdrighl willike expiriredm mere dsial wdthyrefirieeeaionthet frawiidsimnce
to the targgficgh-as is stated, for exanple, in DE 10 2007 019 445. For
this purpose, the bound conparison arrangenent at the output of the
trace quality calculator is connected to the register for the bear-

i ng tragesFridue Wni Chshfifs BeaEIMMIAL Ala8RnP it BRE bBSRHY kel  ace at the
output of the Kalman filter are regi Stered, together wth the trace

quality. The output of the 35 bound conparison arrangenent |ikew se

control s appflré owhi CRpbGs RHREK dREE of & WREAiohIRding HstdiRfiognd a
di splay, in order to display confirmed bearing angles as 9 a

continuation of the associated bearing trace in an intensity plot, in

each clock Figyehe. F%ﬁéﬁ@fhe%ﬂ&fﬁ@%ﬁ&ﬁ@é@g%ﬁ%ﬂbm irfdk tifBe

direction-finding method according to t he invention and of the
di rectildn-finding installation according to the invention will

become evi ¢gfifre i OM tshewsBRFEKENEgahAINTBIIANE dxpRIA BRI REWiRE ¥ec-
enbodi - nents which will be explained in nore detail with reference

to the drawing, in WRAceemmipTy ubedimeshaiine inveaiomg/singne auliiyam

with one bearing traggiheskit@dkifg et ang bl ock diagram of a
direction-finding installation, Figure 3 shows the profile of a

trace quality plotted against tine, 15 Figure 4 shows a bl ock

di agrampi N FRyues to axphaikniiddiEmdabddr 1@ ekpiBinans 85t RWHn e BRER Y-
enbodi nent of the invention, using a multihy- pothesis tracking
met hod, and 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 =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 t=k—1 is determined by regression
analysis from the sequence of the associated measurements up to the time

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

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

35 @®F®(k/k-1) for association in pairs with the bearing trace No. 1. The first



20 Figure 5 shows a diagramin order to explain the data flowin the
bl ock an- notated WMHT in Figure 4. Fl“é]%fe 1 shows a bearing/tine
diagramin which the bearing 0, plotted along the horizontal axis,
is shown against tinme, plotted along the vertical axis. This dia- 25
gr am shows neessutesl bemrimg FPlofOA béari tig distanee Ne=OTT, (KMAENk/k-g), the
estimated up to the tinet = k -1 and is obtained by prediction of
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bearing angrarimmaagie (id) t e prédieatieniap@ar@nglkantfike djsf &rtkeriglock py
way of exa %118 T, ti?é%dﬁ:?etd %Prtﬂea{ﬂn% 'ﬁ‘leztke{ﬂ lrot thl! bgg'rﬁ’\qé{iﬁ)éég ISIJ f‘ﬂﬁ# 5%[::

filter, whi al'sb carries o abovenent1on predic
basi s Qb t lessiscbustratedad a following block diagram.

the

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, Hl..., which are separated by an angle A® from one another. Signals re-
25  ceived by electroacoustic transducers 2.1 to 2.n are each added cophase in a
beamformer 3 after a propagation time delay, governed by distances between
each transducer 2.1 to 2.n and a reference line B, to form array signals of the

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

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

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



beari ng angle A(k), the next bearing angle Opre(k+1l/k) after a
further -clock <cycle T is predicted f&t“the timet =k + 1 for the
bearing trace No. 1. This proc- 20 ess is illustrated in a follow ng
bl ock diagram Figure 2 shows a block di agram of a direction-finding

instal | ati &S Phdocyetelion daearipg aoolrsnghishindicaie 1he dirertiopite e??HP%‘nal
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to sound- emtting target and for tracking the bearin ang es of
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bearing ang| n trace . of a e race)
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tion-findi nNp. |2Imiealrioakiaﬁmntlbt Iks U@Damsaaga aangat vﬁafsocl“etéched at this time. The
directi nflndln a cesswelnte sities et
vt ng ! sasioeats Badsb 2 ge ok Ky Sas U hodting pomesseisiat SEHES
bearing angh&. in which case the bearing angle changes little over
time when the target is a |long distance away, and the bearing rate 4
is therefore low As the target npoves past, the bearing rate * has a
greater valmhe,di@Bsbrandity ot @rcg@famguueﬁe awamudntarfartﬁe dRgétion- fafa&igrres

a lower, virtyally constant val ue. e beari ace
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det ect ed aibebhhgsrdté Fecondtant. The pesidtiog i mMaae bestinaiiyds siate Yectorkvith 2,

since the bearing trace was deleted at this tine.

an estimation error which is predetermined by model variances aé, proz: O g proz

and aé?, prozs aicpmz 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 q¢ for the
bearing angle and g, for the amplitude of a noise process. The covariance ma-

trix Q therefore becomes:



The direction-finding nmethod according_to the invention and the
direction-finding installation accorf i’-ﬁg to the invention are used
to predict the bearing angles of 20 these bearing traces on the
nodel assunption that subelenents of the bearing traces are linear
and that their gradiBab is(ldgasta®t in pPaces, that is to say the
bearing rate is copstRit. f{hg,Pred ctiongis|nmade by estimating a
state vector W@k a@ est| nBtl on (’agrorf mi ch is predeterm ned by
nodel variances 60, proz, " 04, ﬁr ¥ ghd7s proz, -proz in a
covariance matri x |Q On a KaPnman A7 )4erf36)9The stiffness 25 of the
filter is set by neans of _the preset or variable strength g wth go
for the bearing ar@g/%za C‘?am;or tthhe anplG tude of a noi se process.
The covari ance -» trix 2’ﬁerefore becones: |-12- f1(T)go f2(T)go 0 O
Q f2(T)ge f3(T) 9608z 0% S T) 9 f2(T)dh 0 0 f2(T)ga f3(T)ga 2
60, Proz U4, Proz 0,0 2 2, 60(,2 Proz _proz 000 aa2, 2 Proz Ta
?proz 2 2 0 0 6a*proz L.proz 3 £H%% “gffefce|f1(T) T = f3(T)=T f2 (1)
T 5 A state vector &Pre(k 0 k -bﬁ&;”gzth%‘d})r&s ant aneous tine relating
tothe timet =k is predicted in a prediction part 5.1 of the
Kalman filter 5 on the basis of a trace state vector xg -1/ k -1)
with its el enemtteref(Bst+rat ed beariff{g) aifgl es QO kAA{Tly=k—-1) and
estimated trace arrplitude’5 a(k -1/k -1) and their rates change at
the present time for the timet - k -1, as: epre(k/k-1) 10 XPre(k/k
-1)= 4Pre(k/ k-1) =F-x(k-1/k-1)

5 A state vector xP"®(k/k —1) to the instantaneous time relating to the time t =k

is predicted in a prediction part 5.1 of the Kalman filter 5 on the basis of a trace
state vector x(k-1/k-1) with its elements of estimated bearing angles
®(k —1/k—1) and estimated trace amplitude a(k—1/k—-1) and their rates of
change at the present time for the time t =k -1, as:

P (k/k —1)
& (kik-1)|_

aP’®(ki1k -1
& (k1 k —1)

10 xPe(kik—-1) = F-x(k—1/k—1)

with the predicted bearing angle
OP®(kik -1)= @(k—1/k—1)+(&k~1/k -1N-T
and the predicted bearing angle rate
&P (k Ik 1) = Sk -1/ k 1)
15  and the predicted amplitude
aP(kik—1)=atk -1k -1+ &k -1/k-1)-T
and its predicted time derivative, which is referred to as the amplitude rate:
&7 (k1 k —1) = &k -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 -1k —1OF +Q where



aPre(k /k -1) i?Pre(k/k-1) wth the Egedi cted bearing angle
OPle(k/k-1)=Q(k-1/k- 1) k-1/k-1)T ahd”’the predicted bearing angle
rate ePre(k/k-1)=8"(k-1/k-1) 15 and the predicted anplitude

aPre(kl k-1)=a(k-1/k-1)+ (k-1/k-1)T and its predicted tinme derivative,
which is referred/foTad the anplitude rate: O e(k/k-1)=*k-1/k-1),
whi ch takes accou af ¢ he| nodel i ng of the subelenment, with a

covari ance mat rfi 29 Olfo e estimtion error:

Ppf e( k/ k- 1) =FP( k- ‘?k-l)F Qwhere -13- 1 TOOO0O100 FOO1IT O
001as atransitPofl Hattix for the dynam c process of nodeling.

I nstall atiqn-t.ypi cal asurenepnt _errors cr P15 .cr," 5 are determ ned
for the s medeERe 0ot B Shefle Thi=AEbIRUL anav(k) at the
out put of the beanforner 3, which contains all the bearing angles
n"'eO (k) and anplitudes allea' (k) nmeasyred for the tinme t = Kk,

whi ch neas (RSHEHEN-BIPIGH dneastEereSd n$THIE Poget Aer e HRPrENRR% dere thed

beari ngsan%eeasﬁl%rn%(nlﬁ(l 4dy and the 10 predicted anplitude aPre(k/k-1)
and the respective estimation error PPre(k/k-1) in a separation

cal cul ation stage 6, bor(hhte probability of their as- sociation in
pairs with a predi(b= d,,,ej;ggc ing trace. For this purpose, a squared,
normal i zed statisticaf s 3 rati on dqg dj

3(/i(<{<}<[<})1): Z; éalﬁghkei_qﬁqsl.é%)ig{g_@%}m&i%elﬁ_SEszhch\;,R%rorei\tain%SaM the bearing angles " (k)
and amplitudes a"*“ (k) measured for the time { = k , which measurement errors
are examined together with the predicted bearing angle ®""¢(k/k —1) and the

10 predicted amplitude aP®(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 trace. For this purpose, a squared,

normalized statistical separation d12
d?(kik-N=y (kik-1)-S N kik-1)-y(k/k-1) where

15 y(k/k—1):z(k)—H)“(pre(k/kﬁ)
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



is determ ned between all the pairs of bearing angles and anplitudes,
with the sumof the squared bearing é‘hgl e difference and of the
squared anplitude differ- ence y being related to the error sum
S(k/ k-1) of the neasurenent error R and the estimation error PPre(k
|k -1) predictegedf omt = AP to t = k, and the 20 probability of
association is a rram({mpbm M/Bg As‘g@ar ed, nornalized statistical
separation dj is a mninum The association algorithmused there is
known as ftWhich@keg@ddaaat ofans sing SISl inheduttdhdiy eBrol0sid d@itatisn er-
calculation in % 10 20?/’7 01 % 445. 25 The Fep r t|on cal cul atlcﬁ)
stage 6 is P81 INWEY ByeaVyderetes e, dimensiqaaliteof e Jneagiieppnty Wi
with an ex&mh lwab?r the)gem@qmaéd eRclpgiaing hs |11Wheﬁl°t}% Bedrpigethd dtﬁ@rm L hi s
purpose, the nornalized _statistic ar.a are th a
Dt £%val ue gty SF Ueeh3e A B8 WEHh BoPuSTE R meatng e AR &
account of flefgerfynFGrdrmbhs iMeaRM e FRREt Bl @t vane €Sthl daédtion prsb-
rors. In this case, Mdenotes the dinensionality of t he measur enent

vector whibiity finohdetretioneaa tagget §"”ﬂ|§é’(¥ eetﬁ&nahghaf@w istip ds selegipbfiomnhe

bearing and the.in,5 ten Slt I

Che bear  ng. TR e l€ PR, Ered ol "8l drdsied el RloiRs 2 HE U er
to preset H’!@rvglatrewVﬂJeUan@uthai)Qrf&éiﬁé'd?rbzﬂﬁ&h sc@tr | df tible Bife&fondbiRgt | ON
of a target with a directional characteristic is selected from a

densi t y0 AT insépllgtions apd @ @&eﬁ'afﬁbWOP3@@Vdﬁ¢Ae€ sg@&tqdrfgoraﬁgq%'ty p@f:eat@h
time interyal i

direction- PX% Pecgté{'BI; {;%Setaa% taku 8%8&0&'3201?% aa%gg"sae %Ilsa?glli% v{e@ﬁ

i s sel ect ethd maimraceftine |dtrgctr’oﬁ§'5ftvm ad@@:eekmeam:enblmharfaaiesenasl T:imnsrmso

t aki ng acc%u }S f tehe l%ie separation AO between the main reception
di recti ons °Bf et cﬁ"ﬁ%é Sdirectional characteristics. This al so
applies to the arrpl itudes. 15 The pairs conprising the neasurenent
vect or zllPQ k) , the predicted state vector xPre(Kk/k- 12 and their
errorslar e@ﬁﬁﬁﬁs 6@“3’3/3'%@%“%6“%?”&%5%?@ Wéa@”'ﬁrféed'%ﬁﬁ atpayastor
associ ation $eta?e 8 toafilter stage 5.2 in the Kalman filter 5. The
trace state véetor hgnd lpiresiors ae uPRiieck by-means; ofja SEPSAIHERE MPASURRS

filter sta t@Qta%s@o& %Ws?%j‘eké’%eéjﬂ@@@ﬁé%azﬁﬂ tN@R%Ipr{an)?mgleé kKik-1) and

its estimation error measur ed val ues z' "e03(k)
and a measurenent covariance

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

meas

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(klk)=xP®(klk-1)+ K(k)[z(k) — HxP®(k1k - 1)]

with the measurement matrix

25 H:1OOO
0 010

and the matrix
K(k) = PPk 1k —HHT [H PPk —1)-HT + RF
as well as the covariance matrix of the trace error to be
P(k1k) =l - K(k)H]- PPk 1k =) - [l - K()H] + K(k)- R- K(k)T

30  with the unit matrix /.



matrix R for the time t = k for each bearing trace

k(k/ k) =xPre(k/ k-1) +K(k)[z(k)- HxPre(k/#51)] "with the nmeasurenent
matrix 1 0 00 25 H=0 0 1 0 and the matrix K(k) = PPre(klk -
1)HT[H . PPre(k/k-1)HT +Rr  as well as the covariance matrix of the
trace errorThisoirane st@ekieRipeX(k M Kiprs therhesie/fRe thp predigior)dfthe next state
+K(k) R K(k) T 30 wvith the unit matrix 1. -15- This trace state vector
z(k1 k) fowvestor & ekl sT)fand théestimatipinerion P 0T (k{ ke Dntex thestinag é = krett or
xpre(klk+1) and the estimation error Pfe(klk+1l) for the time t= k+1.
A trace quality calculator 9 conprises a calculation stage 11 for
det er m ni N &ade Huaite cquabiot P torhprzes & talé@htidnosidge)d otforedéternhining a

I ithmg f . b i deyi 12 f ti th
L1 ace qbal (S 0LRHE Loee ARG elet, Ko HRfTol b B SoPace
L Asep ety ottty ko
el cul att ofebebe T30 i solies 811 Gk PribaeSiEeige T e R of
the filter 1$t8WnphtdeCh(kh N6r dRbdfdbBRcERdd BFther orPiélete8CPhY BSIctIBGON
filtered or estimated state vector k(k/k) and the covariance natrix

P(k/ k) as istgmet1iviarcoaidaad on e inpasidectovghe ooipubof thaditer stige5.2ef the

71" Tndo ot TS lrebred e Mo Br Shdrbdaslafe SperSe st e 1
the cal cul hd 00 SEAGE btod EOMANS hEASRAEhEL Y (leck il EX|lUACes

clock cycle and aq 'he association o

measur ed beatzs | NG..an Wth t rel.evant bearin race, 2n i,ch
Case thi's dumy g nanbierpure e SPh e o i ¥ AR BTG
d2(kl k-1)+54|n2 r tPFA IS|:|,( 2 20 which is determ ned for each cl ock
cycle T froRetHECYYRPEYa ™ or mal i zed statis- tical separation d? at

t he out put of tlik)-skar@tinen cal cul ati on stage 6 and the square root

of the sum of the neasurenent variance 6Z "eQ and estination vari-
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® d*(k/k-1)+M-In2z

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

square root of the sum of the measurement variance ¢”"* and estimation vari-

ances o—g (klk—-1) and ag(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

T = In(—ﬁ—)
1-a

and an upper bound T,

30 T, = |n(1“—ﬁ)
(24



ances o- (k/k-1) and cr (k/k -1) . As explained above, Min this case
denotes the dinensionality of the med8ar ement vector. The trace
quality L is increased or 25 decreased by the associated quality
increment AL in each clock cycle T. Alower bound Tj T -In 1-a (
11 ) and arf"8gidnedduribe PRungFompasse amramgem¢nta1%)‘rym ieoreéeterrwaw ned

i n the boungolsHMRArd $OMha coAMERINBRA bf %%afsé%ﬁn%frﬁgéfaﬁ&@‘ﬂ@@'etermmed
probability a for the confirmation of a false bearing trace and

pr edet er mi r%ababartwéw th@we@t%pfﬁﬁ@ed@aém diacef angd Wed@acaéwlltmgL is

trace, and t %gﬁ conpared Wi th these bounds. 5 If
t he upper bou% ﬁ%&ég%é}é% a provi sional bearing trace is

confirmed and displayed; if the | ower bound Tt is undershot, a
provi si onal earl n Provi,si anal beari ng r ceds
fpes,an

Phove qon it (EingREeBiRlE: i oRSeatd smmpuSafd veais uats i oo
exceed the JinglkqbpudiVer balihd ||30Wu§é?§1dt Oé{"‘BFovE%%ﬂbeﬁﬁ'ﬁtﬁnré'cg is de-

measur enent whi'ch’ cannot be associated is classified as the start of
a bearing letedcErovisfonbhleaeatrmgdﬁacqsua]hloi;ey qodlities @on betweed titeserbaugds mec e

decr eases b S t he k of sure earing trace is
del et ed whén’ ? ﬁsl‘%f'ﬁé?g &(u%ﬁaa s’ é'\f"l" &h %@g%o‘ﬁ 5%2?"&?&"3’88- eﬁﬁhe.
15 The 1pr obaénslurenyera wmcrbemerdt ba asberidtad v eldmﬂem!f ad the dtat ska a)ban'mg
rate per s n S unmber nflr tlons

fal sepbear eﬁﬁa% t'rf é%egaé uaqucé-)f %Pqe %IB %r&n%%c ?Cﬁacf Fﬁ%us]eé&é ©
fal se "bear ilaxk ofr raeesyramentpet‘rm ltdapidg trEce is dpletsd \bbemdweTtZao§qméme/r bdor e

hi gh when 0 low, that is to say when only a small
nunber of ?%Feggorybée@%fj#g& 'rr%%é@ugre pernmtted. 20 The trace qualities

produced at the output of the trace quality calculator 9 as vvel I as
e eehes uESKLAmARY Pl RO he BV ELbA B 131988 A e b SR
i ts out put antidhe tdesirdseaiean inagbangf eordindatidie dfrfalse baayg trockd Baresec-
stored for o%%C ng %aerccl)nq tsrmaa(ﬁgr ItrQe ewergflaisseebeanng traces are permitted. The
upper bound T, is therefore high when the probability « is low, that is to say
when only a small number of false bearing traces are permitted.
20
The trace qualities produced at the output of the trace quality calculator 9 as well
as the values, estimated by means of the filter stage 5.2 of the Kalman filter 5,
supplied to the trace quality caiculator 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 T . It is likewise

possible to display and to mark the entire length of a provisional bearing trace

whose trace quality in the last clock cycle exceeded the upper bound 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 t. The

lower bound T and the 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



25 13 and are passed on via a port 14 to the display 4, where they
are displayed wth a marking when thé&’ trace quality is above the
upper bound T2. It is |likewise possible to display and to mark the
entire length of a provisional bearing trace whose trace quality in
the |ast cliRkedsien dhex ceedisglayne onpypehehignasspoiatesh carce ayalty Lhese
bearing anglegs ipBeOsiib 5 ahd rbM&hBRSH @Ak Arfiftndfbdiifg thek. pas 30
sive deternlnéiﬁgﬁﬁg? t he J%s?dﬁég to tﬁe(fardg{ d%f% gré@t'nntion
analysis, as is stated, for exanple, in DE 10 2007 019 445, Figure 3
shows a typical a trace gualit I tted aln

The 1 over W56ES Fotind: Ba Prafslia Bt bes A8 Brbiin PRl Slatb AR
trace i § deheti®d t; SandMdysproddnes thicReef tidédHoW IT,, fhak Withdlres¢Hirkeit, kmand
T1l. Trace qualities which are be tween the bounds indicate o
provi si onaltherergssagaty hetdisttiiad withpet exceedind te thigsholi 72~ Dpring Hus, it
regi ster. They are dlspla ed o th SsOCi trace aljty L
e ceods ThERHE SbLHA RN HRRTY SCE A Tri T ecEiie: M L
bearing tr af i e as
Shonn 'n FracessINE sppE DUl sy nroBieRh A kiRg Baco BBKIREL J EBFS o
t hreshol d Titmed béaringtties! VWhea i thatel quautgr!dfauts Ibera prédasrmeged ﬂalueblﬂdir

first all wthout exceeding the threshold T2, r|n this, IS
manageggas exapPEAt '%ﬁPmHB%F‘ﬁ‘ﬁggt fos cxample Ragauss t"f"? g &oa%%r
qual ity L p@xeeeds ki r epBU”tﬂeTr%ce%%lé\t/é@ provisional bearing
trace becones a con- |rrre earing trace en the trace quality L

falls by a predeterm ned value, for 10 exanple starting fromthe tine

L3, for exaipley RERRURR thBSikAIAGdFRIdRo ABGRIng REVASHRALES oMirehi n

atinme period, the trace Is In order to Tnitiallze
di rection- faionenam; apeedbg tacﬂwnmni'gnttbetﬁrﬁé afray gignale areformereat th@ﬁimeat us

accor di gg tto {%Oa&\éﬁnﬁrkpﬁ addlEmbL \?éctd?é \ﬁl'trg?f?' @%%L%& %?rﬁr%m% t he

tinme produci ng PRY St neasurene vect or
measur ed bewsi ag @as@!yesanmd.:qaesm prloyisiarpll béarihgStracd i@rsmntéd @dradach
bearing trace is started for ea r|n % %X{”rre sured

be
o 1o o Maguibd e ins BopB o DAL AnBltge Ara

(1) =0"1e6%, é%anIhéﬁ(el) =d" s(1) 20 The estlmatlon error is
predet erm neé%% P(1) = PO The trace quality is L(1) = 0 . The

Kal man filter @(ll)&@é"t“"&!)t:ﬁﬂ MIj=al“ihese input vari-
20
The estimation error is predetermined by:
P()=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™® (k/k —1)
& (k1K —1)
aP®(klk-1)
&7 (k| k 1)

xPre (k1 k 1) =

are predicted and the association in pairs with the present bearing traces is found
in the separation calculation stage 6, and these are processed in the Kalman
30 filter 5, if the probability is sufficiently high. The trace quality L of each bearing
trace is determined in the trace quality calculator 9, and the provisional bearing

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



abl es. 25 rnk neasurenent vectors z(k) are neasured for the tinme t =
k. State vectors npre(klk-1) xpre(kf E-51): (4Pre(kl k-1) apre(klk-1)
jpre(k/k-1) are predicted and the association in pairs wth the

present bearing traces is found in the separation cal cul ation stage
6, and t hed® HpeespParMsienal bparind Bages) beemeseprfirmed pegring fragege or are

probabi | 1t Yielefecs Wsf A GirRBEA Yf megﬁaceTa@am;é@@etéwmeutweL 1 c&ﬁg@ oPe&® i ng
trace is determned in the trace quality calculator 9, and the

provi si onalcloskgyeiay If hegrisogiaw Rseayement foe arrsgdicted Pearng K%% then

measur emengg magt ae%é@uypa&aﬂnﬁhémhtebmor&%nd isfifle eFr3Rore FreMYed ii® il
beari ng_traces becone ‘confirnmed bearing traces, or are deleted, as a

functiof ofeXtRoakyEle- qualities determ ned over the course of t he
clock cycles. If there is no new neasurenent for a predicted bearing
trace, then the nost recently deternined state vectors and state

errors ar e AsFidingt odthendifasiongndiag tmethed ideggried. abqve o PERAHRaRD Signal
di recti on- hiqdssiag fRddn@el SlaSiavH@feRBRNAY altRasthmatnetddEdhitted over a

processing is carried out, in which essentially all the sound energy
emtted ovafdefreqyeney f?@&d%ﬁ%’%"i‘%ﬁ%é’ ?%G%S?F@F"é%‘r é‘Horn??t'QOé‘fthh is con-

det ect jgn. télﬁ@@fﬁ"ﬁéd{@hd@!@'&hhé it %Quﬁoabnagyn@ tﬁér@meen@ﬂ &ﬁms%ré&e
i nci dent sound ener}tgp| is therefore not consi dered y further.

det ection 8Y fyiteerdHeteaidds thsefors descred by @r%?ﬁsu(f‘é‘&rﬁﬁ’e%’i which ¢ ’53

restrict ed ddricledRAS HeBSUrBE BEAMY AP SnPh thedsiiRasieRstyl ntensity.
However, alternatively, signal processing is carried out in a narrow

bandw dt h, 15 with a distinction being drawn between so-cal |l ed DEMON

si gnal pro¢RsRVEY aRBhativdly, CAYP Prdccbiy 3¢ BhAkd DUPHEESidn@w bahdwi®hcase
of DEMON si nal processing, the total sound intensity recorded in

one cl dek #§tB|adigtinctign P@@ﬂ.%ﬁwm belwesnisRedleb PEMPH signakripeessyig and

anpl i tude gpedliat LQFARPQ@%ltHr@césthth Met ek AMEMON $ighlbréde@Bhgt he
respective nodul ation spectra all directional characteristics

Usi ng an alfotol Sprmd sy feoaisRedn PBm ClosiYGe Peifertionis sxpmied for

associ at ed e plaséhR dfangfitudedanoMiation: Pbésihle harga@NEMtions drd fo@nd from
intensity of the frequency line. In so-called LOFAR si gsnal

pr ocessi ngh& 1earesiive Pépdé‘!ﬂﬁ'ﬁﬂ SPeRtEer g, direatighe| chasagtesiglics using an algo-

20  rithm, with detection comprising the bearing associated with the target, a modula-

tion frequency and the intensity of the frequency line.

in so-called LOFAR signal processing, the entire sound intensity recorded in one
clock cycle per direction is examined for frequencies that occur. One algorithm
25  finds possible target detections for each directional characteristic, with a detec-
tion comprising the bearing to the target, the frequency and the intensity of the

corresponding frequency line.

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

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

In consequence, the trace state vector in the case of broadband signal process-
ing comprises only a bearing angle, as well as its time derivative, which is re-
35 ferred to as the bearing rate, and an intensity as well as its time derivative, which
is referred to as the intensity rate. In contrast, the trace state vector for narrow-

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



cl ock cycle per direction is exam ned %or frequencies that occur. One
algorithm 25 finds possible target d&ections for each directional
characteristic, with a detec tion conprising the bearing to the

target, the frequenc and the intensity of the correspondi n%%
frequency IdieH\éa“VPﬂW’élEmIStrPf?Hedﬁ? agiherfsAupReYoRifall eRNsearenss. B3R FRSr ed

i n narr owban@agb@had 9§88 protdssing, the - coliank8insatid DPRSLvardnesd 88dddon
i's given b%%a nmeasur enent vector which includes a frequency as well

~as a beari 't%&heﬂﬁefﬂﬁ%ﬂé‘?WfrqueWrﬁa’E’dU%ﬁé%”eqchéat?f ace state vector
in the case of broadband signal process- ing conprises only a bearing
angle, as well as its tinme derivative, which is re- 35 ferred to as

the beari nd nelirectionfipding methed whish bas hean explaingdsaboveavifieraieranss o,

which is refqireedtd 9 a8Surh&ethiabh ABEICtOh bEfhBasUr8mEMNS rfddoh dake dss@se
state vector for narrow band signal processing additionally

conpri ses &GYWHUMHEgnasdidual B%arinﬂérat:? s Pgthodds fResefprpealsqefdied

referred t g as tﬁeh@inéléﬂﬁld@tﬁééﬁs hakkng hrbtmns\mﬂuﬁ@ﬁ@pothéb.g heerfing @ tHaf
nar r owband SI%& processi ng the covari ance matri x has vari ances

added to P@ESYIRRIOR thpta '?‘@?%F@He'ﬂtds pEROCIAILGUERRYE %ﬁ?&'ﬁﬂ?éa'f"ﬁgem cy
rate. %0The directi on findi ng nethod which has been expl ai ned above
with reference to ures 1 to 3 assunes that a_detection or

measur ement Pg‘af'ﬁehéaﬁ weuske thes dnyention, 3lse RrQviiesnioy BRevshdf \@ dumdii-
bearing tr agothddié &amﬁ@%thcﬁi i @hRhorR AbSUrEMERT iEabrmblify assobifd

si ngl e- hypothe5|s tra aﬁ%eg net hod, with the hypot hesis referring to
the assumttNGPIYREY o4t di@FeSrent is associated with one specific
bearing trace. 10 Alternatively, however, the i nventi on al so provides
for the_use of a nulti g‘gothemstrack % in which one
measur errent 1quEe ﬁoﬁ“ﬁﬁ(ﬁi '{/‘ RS dhedatafionnion pﬂ“ﬁﬁhaﬁ |SH9h 8p thigy Yegsure-

traces. 15nfdngds®@ ghoditedSrom B saﬁarnﬁé,taxiaexonuéﬁ@adaﬁ Blokk aw ;\Sr@au@ngrvam&od
such as thi froma sonar installation

Measur e- r odu
is read in EF'?J&‘R“%? for nﬁ&i‘%ﬁ el‘i’ g'8$ O NNEENEr RS9 PENLERSIRY Sck

cycl e, depeaslieadu®withhehiesw tohfbrédoglﬂéﬂd\/\ﬁtltﬁcmstﬁb @sé of becHdbhed sigHhl
with a narrow or broag?eé%gdw dth. In the case of broadband signal

processi ng PrackPeng i e 1eSYiS '8 3 eaP RN VErBht vect or: 20
z1~-0j"' s(k) (k)% wf,Tg 3(k) and in the case of narrowband signal
t

processdng, a ne@puren vector:
™ a; " (k) |

and in the case of narrowband signal processing, a measurement vector:
amea.s (k)_
z. (k) Vmeas (k) .

amLas (k)

J

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

for broadband signal processing:

Eoore) a)

30 2 e (k) ame(k)
M M

mk)  Ones(k)  apee (k)



gimeas (k) z,(k)= v."'.(k) ameu, (k) The index j in this case
denotes a neasurenent obta| ned at the Ql met =k of a total of n(k)
nmeasurenents, where j = 1, , k). The detections obtained also 25
contain false alarns, however, in addition to the true target

det ect i ons anFHF NATRuhrRGEidpal PERCESPEIpr ef erabl y read toget her with the
current value of the owmn course by neans of a data read nodule in

t he bl ock 41 fro(r)pthe,,,tss ar . taImJas?k tion, thus resulting in the
following lists of %etec %r the k-th clock cycle, for

br oadband si gnal proc,gesé"i ngz %) @*“Wk), al,co, (k) 30 2: Of
(kame">(k) L MM n(k) M"~ckiMk)/ a/,l,fer) 20- and for narrowband

si gnal processi ngt) 1:9 ’(ﬁ(@as{” Slk)vzzm(k)(kl)) a (A) 2: 0,"-"(k), v",~" (A
a2 ~a> (A MMMz(k} B njlk~ ~, n(k)(k~ a,'jkj(A) This data, which
corresponds to the conponents of the respective abovenen- 5 tioned

measur ene ntTh}ée 349" which cIoE ﬂog&?\gﬁ §64hQ goﬁgﬁﬁ'érﬁ? bof Yel %SFQ&IVQMBO éﬁ eto

a nultl-hypot esis trac ock 4 purpose of thrs b
to extract tipeekmeasyramentiyagtar, is therepassed ontivgetrRitwithdhe @W@cmmg talal

det ections { i n%b?ﬁésmt fré@ur@eﬂéﬁn@ﬁhet&rﬁﬁgq{fQFMQ%IOWP%I xtrtagte;yoteg@n be

associated wth'a target wth a specific prede- termne
char act er i $iglterget fr amf&m thendata by ﬁh%@(lmls@’teWh% kin @wfrtmwehm)lo

time with g, Herehﬁlge mmer g?eré/ma?w%so@lafe%r\ﬂma férﬁet%lﬁﬂsé E%?ct:flcoﬂ}ede-

process is carrie he nptionh state ata
i s descri béefmined me’ﬂqw etta(acﬁgﬂ%!y sif- émecWSaSL@h @sethgsss dch( qapregieond in

esti maygd) yiaHadyifa BHRh InYel, Ure 9' '?%gelﬂﬁat(e AsfimBfion EJ&@Q&"} s iy

state vector. The state vector xI farget in the
cl ock cycl eut. Prgdiiirallyothecoetion ﬂ@terﬂﬁta tordef l%@@ﬁcﬁ’a@de@ tbe tr[ahlgngfgys;tarm es

whi ch are By ;été%e&o.l ﬂotﬁéeeétme&)t LY aARQEHEDN FronEEkINE AR T HEESH

vector but al so estimates
change of the state vector The state vector x;(k) of the /-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 derivative. For broadband signal processing, the state vector there-
20  fore becomes:
0;(k)
& (k)
xj(ky=|""
a; (k)
&(k)

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

Xj(k)=

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

equation:



their rate of change, that is to say, for the estinmated bearing O,
the bearing rate 4 formed by the timélderivative, for the frequency
v , the frequency rate i& fornmed by the tinme derivative, for the
anplitude a, the anplitude rate 4 formed by the time derivative. For
br oadband si gna¥i(prideelsi hgdi¢he) state vector there- 20 fore becones:

007 il e b 85 o St sl o
(k) 25 ThgsshRandRddm pHHés§W?}BE‘a M%Sﬁ %Iub% QWQ'k%QwH%o@aan@@%atnx

I\/ar kov process using the equation: -21 ; (k) =Fxi (k-1)+gl(k-1) where
F represent@Qi(khd) (foathsf easermitar wkutc-an@lsq prqqess)ﬂ h%utfahﬁfpf gatix Arnditheof a
Gaussi an random process wth e 0 a ovari ance
T X DL HROESE 3 Eoaanga@ Br Ta i §OHo M SR Ge AR RS AhReiNer
transfer mahider Ap e it PRi&aRY ARESH WAL GeSRRL LARFS 1fRAKmodoméfiei !
fromthe choice of the maneuver is preferably chosen
whi ch descrth?)t?égfﬂﬁpﬂmhrﬁhlthﬁébﬁiem@\ﬂ@mﬁ@b’@?f afetb?éet*argets on which the
observation variabl es are based A neasurenent of an object is

descri bed by the measurenent process, formally 10 by the equation zj
(k) = Hxj (kneasypmeR) of an ebie¢ids dessied b e BGaaEERNt ploress; frsmally
measur ggent, R bhdatighi ch characterizes the projection fromstate
space to measure?rent space (and which is defined fromknow edge of
the state vect orj(fardx fik) medklr ement vector) and vj (k) the 15

i npl ementation of a white noise process with a nean value of 0 and a
covari ance 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;(k), where the measurement errors of the individual variables are con-

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

following form for broadband signal processing:

2 0
G’ meas
R -/ (k ) :[ 90 o.jmws :l

20  and for narrowband signal processing:

2
Opueas 0 0

2
RJ (k): 0 G eas 20

v

0 0 O eas

a

meas m eas

where o _,x € {8™" 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 o mess ' which is de-
< 0

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

ment error, according to the equation:

0
Og

= Sin(e;nea.i' (k)_eo (k))l‘Ja;’eaS (k)




matrix R (k), where the neasurenent errors of the individua
variabl es are con- sidered to be uncoffel ated. The measurenment error
covariance is therefore in the followng formfor broadband signal
processing: r2 0 R (k)= (To, ' 2 n 6 20 and for narrowband si gnal
processi ngin thig Gask; A)“Uk) BEdtes the BETDY .an@ 4“0kT i2nbtes tivhamplitode =f E
}9"" e v'ame"s) can be predeterm ned as sel ectable parame- ters. For

the situat iwmeBsi¥ieht, td) @k)aﬂﬁb%ﬂ\ﬁmacdd@@oﬁ HwBiePeHHE WhidhGs HREEGAth QR is
lists is a linear anten is possible to assume a bearing error

or mess ., WiRE ey ﬁ%ﬁ&?fn@cﬁﬁ%&ﬁl&m‘?ﬁ‘ ahl& L USERUbERGRMGRITENT ZJ (k).

that is to say” a ear ng neasure- nent error, according to the
equati on: . S|n(O le"s(k)-60 (k))l' al "..(k) -22- Inthis

cr'
case, 7 (k) ea " k) denotes the | ifude
oSt heS e Ji*ﬁﬁ%ﬂﬁﬁvpo DBaBeR A TR a e RS R el
fitted wth predeterminedi mgaddn@néntrmcﬂelom-@eermﬂétega emhmanaaf tagdt araces

sel ect abl e nst nt th SI S trackl n [ ses a
o F edot orm AR praRed B babe Flon R B BB T B oS RRaRET o
gener at e aﬁl“ru@dbehd @fowmmtrabksabfmeawbidth serqa‘eemaﬂ daklellh(aod Rubiient test.
brovi o onallTresernceg) e gt bidtiess, R eonce prtses 808 he o Pear
The esgeénceiobhl drivecomfitrhéd inac;krst/hemblss i tim thekk nty cloek byae c«srnpriselsalmé(stlatast

f th 10 | d t k
ol ook oyl eeBimtdod iiFaus Pk et R ey ™ I orpiot s EitoEF e

esti mation ennorp ('tk')1 Eﬁ%k%r%ﬁ r@gabﬁhﬁf; ﬁ?)’aé 'sﬂﬂ?@ | gﬂ?% A 68( #ﬁ)ord@fnto

overal | probabi I'{ ndi cato rder
i ndi cat e whelidaes whbtaer tleeylenint tiaek s donfiexd, itismadicaiet nyShe m@luaa’["e& by
the value "1 ", or is provisional, it is indicated by the value "0",

a count er m@r(op()smn@hlltclﬁ indicated Py the value "0", a counter ZA;(K), which is incre-
15 mented (or decremented) dependent on whether the track i passes (or does not

pass) the sequential likelihood quotient test in the k -th clock cycle and an indica-

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

resolution conflict.

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

25

if the indicator IN;(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 / are approximated by a weighted
sum of a plurality of individual state vectors which touch, by allowing a plurality of
interpretation hypotheses in this method, for association of measurement data
with an already existing target trace. If, for example, track i in the clock cycle k

comprises n,-’hyp(k) hypotheses with the weights ¢; j(k), j =1..., nj pyp(k), Where



15 nmented (or decrenented) dependent 2@ whet her the track i passes
(or does not pass) the sequenti al Il hood quotient test in the k
-th clock cycle and an indica- tor IN (k) which indicates the trackj
with which a confirned track i has a resolution confli

resol ution Gonfk) B2 Ritynel pamaer theadhe pyrralbReabpbilty ferghe tfﬁek '@éée koth

br oadband stdga Broce55|ng If there are two targets on the sane
bearing, i (9% YePEFYRTS possible to detect them separately. Target
trace crossings occuhhjnequently, in which the bearings of two
targets approaqh,ﬂ qe at an ever greater extent, then
therefore resul t'ing ifa tesolutlon conflict. 25 If the i ndi cator 1N,
(k) =0, there is no Hesolutlon conflict. The covariance matrix

Pi (k) cont&hn&a&hewﬂmbeamnes of the estimation errors of the

i ndi vi dual conpo- nent s of e state vector on the main diagonal, and
t he covari ances the S tion errors between different
conponeﬁts in ﬂh Egﬁaﬂ EKQ ts. The 30 state vector and the
covari ance of each t i=lare approxi mated by a wei ghted sumof a

plurality dj vectors which touch, by allowi ng a
plurality %?\d L SUaPlg'.Zzlt alflcgh‘%ﬁypot heses in this nethod, for

associ ati on of neasur rrewn;t plat a {Nlth an al ready existing tar} get

trace. If, for rexa) Ckcl }(h)at%{(f(w_gxﬁ 6(ka k);oﬂm))Tses nj

hyp(k) hypot hesds wi & )th Sivei gh o(k),
where -23- ni, hyp(k) is a natural nunber, then the overal
probability for the track in the k-th clock cycle becones: ni, hyp(k)

i (k)= 10 g t  hYP(K) 5 xi
(C|k§ )c(k) |cuy,(”ﬁyk‘3f1xe|x;mf’l%)eth% %taﬁﬂ%%gg%ﬁ%ﬁ S Bicones 1( n) hYP( )Iil) T P

G Sfcexén&éé@[[’@&ék b %Et;&&éteﬁé,'m;iﬁﬁ) X,',,fhky,i()k)(b} / i

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
xigM)=HT -z(k) i=1K ,m(1)
with the weight c¢;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, ZAM =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
nr(k) provisional target traces /. These have the state vector x;(k), covariance

F(k) and the overall probability c;(k), comprising the n; p,,,(k) hypotheses j



10
Bi (k)=[ci,1(k)" 0i 1(k)+C 2(k) " di 2(k)+A%| ni hyp(k) (k). Bi, ni hyp(k) (k)]/-
G (k) The initialization of this rrultl-hypothe5|s trackl ng net hod

will be explained first of all. A total of étraoks whi ch each
have only ofE BRI ESIoE )&n@‘)géﬁ\éﬁ‘@f‘éﬂ Pf/fkén?'ﬂch YRARIBRSIT WRIht Glalkd: zi
(1), i =1, m(1l) in the detection list in the first 15 clock cycle

k =1 . For Tﬂ‘ﬁ?%aiﬂﬁoﬁ&%m@ﬁ RY theaxiatia fdigatersS4y enhvand teg cowntar %ﬁ:(k

pot hesis state vector xi,1(1)=HT zi(k) i=1,K m1l) with the wei ght
ci,1(1) =1, and the correspondi ng state of the tracks is formed. HT
in this cadéederget tacasharetpredicipd sedollomss ameericttonrfat thiexk + Arth ichoick icad

covari - 20 = I.S; J L nd:
S (1) =0, ZA o B epdiol pe ey Epsh ] 8 8R8ET, Ahelidsis it AL
an undef i nexd titd prIcesy frlodel amuTdathel tarjet eytibe Modal dynérmcé hehe bagiicted
cycle k+1 i? characterized by the followi ng steps: 25 As the initial
si tuati on, Sfaie {SVeD Y, cI ock cycle, there are nB(k) confirned and
NT(K) provisiongke es i. These have the state vector xi (k)
, covariance I3"¢ % a d t erall probability ci(k), conprising the

ni h k) h heses a state vector Kk covari ance P,
i (Kl)O(a%d @ggﬁ%%%ﬁ%’a\ﬁé’zﬁ’%“%”e Bk | Th\ése ar eXcJogrpI) emen;/edI by the
status; ndl cat %pr%, (ek)l Far;uj F%Tcopir*(oﬁr ZA, (k). The target traces

are prelcted as/f edi ¢ for the k + 1 -th clock cy 5
cle is calcuylated. for ea 0 S track i.. on the basis of
The dynan dbe B¢ sPETEL RS AF QT isrthe RdcbEF torindih bACHGATIS
dynam cs. TResdM Sdisdsaflodett ate is given by xp~e(k+l)=Fx,j(k) and the
associ ated covariance by 10 Ppre(k+1)=FP, 1(k).FT +Q (k)> where F is

the transfer matrix and Q (k) is the process covariance matri x of the

chosen proGRHSmMEREREmeMNEVtARARYEQ5RA lasdlodvs! TreBPHBOLY)FhEsbLASMER|dafiNs .
the m'k + 1) neasurenent data 15 z, (k+1) obtained for the k+1-th

cl ock ¢ycl e, kst t)orrm@nedjfamtmeh kt+rnethp¢l@d<i ofckeds kymppedhetetbejpradictadl hyt he
tracks i. If the I -th measurenment is sufficiently close to the

or edi ot ed REESFEerialfior T2ES hyBE Helbiaeqsugamantds sufiqenty sage 1o kg |

to say the predicted measurement for the hypothesis j of the j-th track, that is to say the

relationship
T -1 2
yi,j,l(k + 1)‘ Si,j,[(k + 1)- y,-lj,,(k + 1) < A
20  is true with suitable A and the variables:

y,,,(k+1) z/(k+1)-H- xpfe(k+1)

Sijulk +1)=H- PPk + 1)-HT + Rk +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; ;(k +1)+1 new hypothe-
ses are formed using the n; j(k +1) associated measurements ¢; ; from each
hypothesis j of the target trace /. In this case, the index ¢; 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

@jj =0 (for a hypothesis of a subset from the set of the indication from the



relationship y j"(k+1)-SI-ji(k+1).y,j§ék+1)< 20 is true with
suitabl e k and the variabl es y, i (k¥1)=zi (k+1)-H xI Je(k+1)

, (k+1) =H. PP e(k+1) HT +R; (k+1) where R is the neasurenent error
covarlance matri X, n this neasurenent is_ associated with the
hypot hesi s m%”"?&ﬁj‘& Eii? adB¢ aPe tEREasenhb e itke getieen dhe diREresreNddal
of nj(k+1)+ e r i ] (k +1)
associ at ed n%%ésqaﬁgéénn%%?&@&e?& Evgﬁﬁo%%%tﬁ%egﬂ}r%%s j of the target
trace i. In this case, the |nderxh@(k)1 = 0 represents the so-cal |l ed
failure hypot he#[®s (k Thji-sn t Pelty; t(Rer® is no neasurenment as a con
30 tinuation of %yﬁ((e |n):tllgﬁ)4ﬁ)§kpot s%s j¢for the target trace L In
addition, the indices a, j > 0 (for a hypothesis of a subset from
the set of at¢1eropln@hobfmm@hthalmwtheeewhldeasarnemlgck{wc@ k for the(ikthl) })
represent the |ink between the corresponding associated
rreasure?rentt%rgefcﬁﬁiﬁledﬂi (ke -hypot heses for which: n;,hyp (k) nJ pre

, P(k+1) =n hyp(k)+ n; j(k+1) 1=1 are produced fromall the
hypotheses j which exist in the clock cycle k for the i -th 5 target

trace ”pPY%E"éQte vehiBrsS bl fFiakesd MPweigREabI RBSE ﬁeﬁﬁ'ﬁp%b&@ﬁ aFeoéal-
t hese new hypot heses h are cal - cuI ated using the equat| ons xh (k

1) ~xPjr(kﬂ'}at%llﬁ'ngdhe@ﬁ%t)o-”?j a.,; (k+l) forays>0 ' (k+1) for
=0 10 for the stat e vaet or 1) a (k+1)S;
|a (k+1) - KT. (k1 fgr_a fk IQSRE‘ +ik),; (lfﬁrlg'yjm,mgﬁr t?ze Eodiarl ances
and 0" (k+1) y(k +1) fora.
10 for the state vectors,
Pi]l(k+])
ek n)-K, g, (k+0)-8, 5, (k+1)-Kj, (k+1) foro,; >0,
S|Pk + ) fora,; =0

for the covariances and

1]1(k+])

c;;(k) Pyi(k+1) R for o . >0
(k v
CJ( ) Pr \/det(gn Siic (k+]))
) ¢ j(k) i
\ A7 =Pk + 1 fora,, =0
Cj(k) ( D ( + )) or 0('1,3

for the weights. The variable Kj ; ; i(k +1) in the above equations is given by:
T o1
15 Kijai j (k+1)=PPPk+1)-H S i (k+1).
The term det(...) denotes the determinant of a matrix, pr is a constant which

can be chosen as appropriate, and Pé’f (k+1) is a detection probability which
can be calculated for each predicted hypothesis j of the track / using the equa-

tion:

pax Dypr = PP (k +1
20 PLI(k+1) = —z-erfc t:’rre ( \/')
ok (k +1)-+2




cl,i (k) PPk + 1) (k+)).f .; (k+lh,, u ~ (k+1) ci(k) PF det2 7r

Slj a,a(k+ for a > 0, cl"(k)(l-P;),j2 k+1)) fora,,j =0 «cj(k) for
the weights. The variable K, j a; j(k+1) in the above equations is
given by: 15 K;,ja;,j(k+1l)=Ppre(k+1).HT S[L .(k+1l). The term

det (...) démdbedastmentienast aivrilen, ¢ffch. Jmataang the romplementaiy t Qawssigni ch
can be chosen as approrpari ate, and PDf (k+1) is a detection probability
whi ch can eer fuactarn. £5ed ansy Deacte peratanis whichyogotbrebipser aprropriately.r ack
i using the equa- tion: max p apre(k+1l) 20 Ppi(k+1l)= Po erfc the ~. 1
2 ' T i Qk+18[:82 1) 6thel predisted amplitndmol theeypothesisi dnof thefteack. i, )andeans
the conpl enentary Gaussian error function, Pp a" and Drhr are

constants vgwreh CARs e LBA3884 BRRhARNI ALl Y, ap7(k + 1) is the
predi cted arfpfitude of the hypothesis | of the track i, and 6are (k

+ 1) iscthe associated estimation error. 5 |Inprobable hypotheses are
deleted”as follows: if the weight of a newy produced hypothesis h',
as descri bédpabeble hypathbsestab alaletedcas tallows: ik wesight lohd newlivt wodaged

ch' (k+1) <c. he Lhesi s, i I hesis |ist
for the tar%%%tn%r}sé%é %Swe%gi&%l%%ﬁéﬁg%ﬁeﬁéﬁ%\?%%%ﬂ%l[}%ftn%@% Si/a ot heses
i s reduced by the(knunbes of hypotheses found which satisfy the
condition from the |ast-mentioned equation. Resolution conflicts are
deal t wit htlen thelhypothesis is ddiated fiom the hgpathediafist fon thaddrgefpramees Siiheg,
all tracks i for which SA (k) =1 and INi(k) =j # 0 are searched for
15 frodPt haumbeack/ 6t 1) Riingwriyasthesdrais redissd by dind numeer of hieitbedssve a
resolution con flict wth the corresponding confirnmed tracks j. The

r esol ut i on famdfwhidt satisfyshe cendition frdmathet lag-rerdidnedjetyglionheses for the
tracks i and j have processed the sanme neasurenent zg(k) in the data
association for the clock cycle k -1 to k. The |eading hypotheses
are t he hyfReshlieties conflicindre Healf witheast follokss in tamdage whbrgadpandapighéles

for C'6 th ideeBsing aiftrdcttd i RF which 8o h B8R il Ly L) arscbhonBl fdr fOF

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

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

measurement z, (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 7/ and j which
20  applies for Cijip (k)= ¢j 4 (k) for all a =i, and Cj jp (k)zcj g(k) for all g =+ jp. If
the resolution conflict still remains in this clock cycle, that is to say the leading
hypotheses for the tracks / and j are once again associated with one and the
same measurement z¢(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 o is linked to the history of the track 7, the

frack @ is removed from the track list, and the number of confirmed tracks is re-



the resolution conflict still remains_in this clock cycle, that is to
say the |l eading hypotheses for the tP4cks i and | are once again
associated with one and the sane neasurenent zf(k+1l) of the current
measurenent data, a nodified cor- rection of the rel evant target
traces is chiced & apet If this appliey tosalhypetbasie oaf ofi the tragk j.Hbe tfﬁaé'(sl@ PR r

[ dj i t i ch | | th
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the track wdskilinkeand &t Klexhi-9) oregpestivelpeoft radie kypotheses fronabkfore i s
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before the resolution confljct are conpared one anot her.
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is reduced by Res
the track o is linked to the history of the track j, the track o is removed from

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

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

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

further possibility is to average the amplitudes in a window [k;ies—nmge,kges —]] .

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

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



For the inprobable situation in which_the two differences are equal,
the anplitude 25 of the hypotheses féF-the tracks i and ] can be
taken fromthe tinme kH, - 2. A further p055| bility is to average
the anplitudes in a wi ndow [kRj s-nBV . gz kil -1~ Res If the resolution
conflict fandithg@messuregient j originates fr?'@t h%h’ﬂ@% Wh'??eth?a}’f@%t”kﬁbé‘@s' are

t ed fol | flict t
i ot ed, TRERES Sl boleeRtl P et of R gni B moan-
(confi rmad)mé 3psts S FBKIHEBASIH PERA It (ﬁﬁﬁv&bﬁ;@ct?a'é?& KmFéé%lv@d blut)
the target has not been detected. In consequence, all

measur enentae setectes| asea gIOURY PR nfet@iesr}k maew)errten@ i éneg@td a$a% megsiire-

detected -28- t he neas nates fromthe t

Che ot ngr  anen B g groufr AR Re by e BhehineRo e bl s 15 thi Ve e o

of confli ctosRfdskoy (2)f 'FW& f&%{ecféeé}% néith8r %B!v@@%o?&bt%t:teﬁoéﬂ e measure-

rreasurerrent dat a: I (% ects are unresolved but are detected as
~°rﬁ< }é&qylﬂ

a group; orfeerss afe esifpn(3 Twe ?blé?i%@ﬂe a%soéleﬁe?é@u@fé detepted  of
the group q&;w.a%g A er@ldurdignothe FalSE /AL Y ﬁpgtf@%ées?'e@e J&kal |

hy- pot hese Obj ects are neit
the nmeasur ebjetent® adnsittédly s€sdivkednPpodiie ®hs has (b3kn Detectdy); aft-s1 afeas-
resol ved and are detected individually; nk-2 neasurenents are false
(nk( nk-19) W%?Wés%g Yfals¢ 4R viypothisset §5)afwo dupothesasl ganr edwitiedy, behut
only one has ee rerrent re fal 2nk
ypot heses)t sty pHENFES b Beer deifSE At ety e et RESHGA MBaPe-
nei t her hasid)een detected; all neasurenents are false (1 hypothe-
sis). The probability of obt ai ni ng an unresol ved neasurenent of two
targets is a func- 15 tion of the resolution capability of the sensor
used and ofTHeh@olsatjidy at d)biammghmturiresdl\&d naeaysu&tmélheﬁ tv@@tdr@étkmhfunc-
separ ati.on .bet yween t this sense ccur - an
i esol'ved 1B L TR rerlFiaCeRaby,of o riodefiRa Sy e TePbiaten SB5s &
tion rreasurseyrmntthwrédulatthe sreeatdtxbn bzeememh thadagets. hxetrpss ceess ek bycarhe
tracking algorithm ati.on
b ocesead dEiEaY DneeR ettt Seh PR EPtd B PaporyS T et g o
vector of dosimeastrérasrgetith thietredelt "feeoidandotart he psbéaissed by ttios fracking Wo
targets, it,is..nec ssar introduce the centroid, of and the
separ ati on B HE ST ﬁ‘&e?%“%&”nﬁ(ﬁ %‘teﬁ?‘é’e(?&P&%PEspfaﬁ?sté Pl e
t hese €20 t hmg\earbearbla&sl beardimy td (4 nd tlearplate ushtoraof al kinglerteset, tkait ida- t he
unresol ved %é" E)rei‘ the s%t%rv:ectors 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 6 and amplitude a. This results in the unresoived

state vector:

0; k)~ 9,( )
25 y(k)=16;(k) +—;—( i )
(al (k)_aj (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



0, (k) - g (k) 25 Y(k)= 0,(k)+2(0j(k%-0,(k)) z (ai (k)- aj (k The
predicted unresol ved neasurenents and ?he associated covariances are
cal cul ated by neans of unscented transformation fromthe predicted

hypot heses of the targets involved in the conflict. Since the
resol uti on te GA$AGIAE M SNeRSHIAMSALs With g firgtiaropt @dh%ﬁ“fﬁ?fﬁé‘é@sﬁ% POd &bt er

the normal Kal man dat of t i vi dua et 30 tate

hyrof esos MegsuramatiE A aechif il 1A hAES i BEtbRsidered for
nodi fi ed tt%b&ﬁbnﬁé@%@@t dte tIRQOr@dtdb teRRalthd BaBHIBXiEL A thOBIgBhmOte f or
t he neasurenent data. The common state hypotheses for the targets

i nvol ved i IfOMMOrcdatinypotapees @Pn%‘ve‘ﬁ?%ﬁ??m@ E”HUId\'f‘PH@éQetthé(P%?ses

hypot heges imﬁ\\éd}é@é{y QﬁerQKéGBJié}e ad a rdsull @3 M%ﬂh@%rﬁb&' & mcﬂxﬂduél@arget
associ ate nl neasurenents with a first targ\;@@j}é in the current tinme
t

step and nJ3YPHBELRF WIHEACANSIHATALY waedvdCangragét Thenindividya! tRgeS Sl iss

nust be constieea’d dMiulatéd8s HRINMBLhE 2bBRtonStaRfcd hypdindded 81 qligstibgduce
the conplexity of the algorithm the. commobn target hypot heses are

converted t?&éI@pPE?XI”Fﬁﬂ?%‘h&LPé?bacbéW)g‘éﬁ”SﬁXfpot heses 5 i nmedi ately after

t he update, at erslgo whi ch the nunber of individual target
hypot heses undeDr Qo ﬁ‘er fjl én remai ns constant. The indivi dual
target state is thlscse cal c d a sum of the

tar get Ry potnistealedeguit SR3Hmomagl MRl gk T S P s ORAB Y PG
density: p | ] e t
mat chi ng. I(‘%ia'ri)the ??]wrep r()ebagfé'@essarX/%t(?? ﬁb)ff%j )$ hgﬁ)?:r% 6a3@5¥e£|
probability density p(x1 é x2( 1)1 Zk+1) on the baS| s of aII t he
measur enenttie mea_s.uremlezus :} upHe ﬂ@evwréemt t!merf@ order & didate the

update the i t heses. on_t hat the
Crget st g e hypa&%as#“@?‘ rBuBIET e B AR ple P be
cal cul at ed peaderg of ﬂz&vp@xtﬁieﬂihe)daﬁéﬁyb)aﬂx békda’lc)maté’ﬂ kag. | x1(k+1),

x2(k+1))) p(x1(k+1l) ZkP~x2(k+1l~ ¥Zk~. The comon hypot hesis wei ghts are
cal cul ated cor r&éﬂ@h&h@ 012f€)various data inter pretations (1) to

(5) and using t %(I K d) 1 Zk+1) =pi p(x1
(k)1 Zkj o(x2(k)'&? 42l?<) (P)M %%Wé )E% )églger%@‘(zn))the dat a
i nt er pr et atihencdnnoh GypSthesi? Qveights are calculated corresponding to the various
data interpretations (1) fo (5) and using the following scheme:
plealk + 1) xak + 1)1 27)= piolbas k)1 2% Jobea (€)1 2%, i=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[’3 is the detection
probability for the i-th target state, and P, is the probability of two targets not

25  being resolved.

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

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

30 p, =P, P3 /f.p(z,(k + I)| x,(k + 1), x, (k + I), 'Measurement unresolved')



The conmmon target state is in each cagg updat ed using the Kal man
update for- nulae for every possibl e tonbi nati on of individual target
hypot heses. Pp de- notes the detection probability for the unresol ved
target state, PDis the detection robablllt for thei -th ta get
state, and@® {Q0tthe f'ﬁP?ﬂ?éBﬁaﬁ:‘S?”t?f‘ isvset &9 aégﬁeﬁ?ﬁ“%"%ﬁrﬂﬂ stat
resolved. (1) The repdgmmgtiataaibd stddsnd:S cal cul ated via an update
with the unresolved neasurenent z1(k+l) and the fictional

measur enent " Separ abi-oB,{=BY). The rewei ghting process is carried out
using: 30 p1 = P,,PJ /fop(z (k + 1) x, (k +1), x, (k +1),

" Measurenent unresolve(T) -30- (2) Only the fictional neasurenent is

used tosupgate The%oﬁmmm@rgsears@ﬁé i bafefmind@ by MRhE F laR LipdSteCRiti kR
out using: P2=Pu(1-P8) The conmon target state is determ ned

3) T
by neans of an %EP&PE{e‘J\m%SWI@@e”f%(’féébﬁ%d/ﬁ’féa%ur ements zi (k+1) and
zj (k+1): (1-P" ~EDPD't. P(z1l (k+l),zj (k+l)xi (k+11x2
(k+11' Measureneghit resolved' (4) Wthout any restriction to

generality, thé/fr )P§1tD [ealget sk )S;l,lgﬂfﬁﬂl)xt  (k-+DpvegurehRadrediveip t he
measur enent zl(k+1 in which case the common target 10 state
results frgmt N\étfmohbnmaastrmuoofto tglaeeraﬁygtéle fS'staitaegemﬁﬁj%waAi tohbe He-

measur ement zl k+1) f tar et 1. .an r or
target 2: P4 I%\"F %F‘?’pr?e 7 f%?)?nt Z’? I%) e;f‘;h %%S% k}%a‘gﬁ'rrme’%n%rse{
resol ved' (5) Iﬂ@e Gégﬂl'@rfrdn@rtg@tcoﬁﬂoﬁ{aﬂoﬁ%mhé &aget Betd Wpdmegdiigt e
i ndi vidual target 15 states: P5=(1-P" tﬁg The splitting of

target traces anﬁuﬂﬁ’ém@kEl(éﬁﬂécﬁortﬁrgﬁhé QQS‘I Rrastictectarget gtag @,g}ggarggt
carried out for. each track to determ ne whet her the hypot heses hl and
h2 with 20 thé& hi ghest wei ght have an excessive separation dl hl h2

, _calcul ated usi ng prpg?g (gi(kmzm +¥)('Meml(ema¢)reszslv9@)( k+1)
~T(P, ht (k+1) +P; , h2 k+1) Yt( +1) X; h (k+1 If the rel ationshi p:
25 d2 2 1(Ht Abe>cogypdn target state comprises the two predicted individual target

15 states:

ps =(1-P)1-F3 1-P3).

The splitting of target traces will be explained in the following text. A check is

carried out for each track to determine whether the hypotheses h; and h, with
20  the highest weight have an excessive separation d;p, p, , calculated using the

formula:

B, = (X1 (4 0) = X1 G+ D) By (k +1)5 Py (k1)) o g e+ 9) = 31y (k + 1)

If the relationship:

2 2
25 di,h1,h2 > dsplit

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 /. Depending on the

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

30 creased by one.



is satisfied with a suitably chosen dgplit , one of the two

hypot heses is split off as a new tratk™P with only one hypothesis in
the clock cycle k+1. This split- off track has the hi story attached
toit up to track k fromtrack j. ing on th status of the

initial trdéR fpsion ertal"ﬁﬁ?ﬁ'@tce%f"’”‘c%fem’ﬂ%d &thﬁrfﬁ'{ﬂ"%“%ﬁét the HeRs tf‘@" in-

30 creased zpy pRRAGNt al%lcon:rﬁh?ecj With WheCAndtidr a8 fpalrs 2RRS sépdrhtide d§Pbal ned
inthe followng text: the tracks that are present are corrpared wth

one anot heﬁweéhWtfﬁksTh@csezpBrgNdnﬂa"y,d11 i2 be- tween two tracks i1l

and i2 is given by d2 12
=(xi 1(k+1) - xi 2(d@+1):)>'{59@ ?kiz,l)(#l?l)?r( ,;(mm K);l(}(“(kgmﬂ(z—( - ))t ﬁlt5
a

| f the covariand¥% ar Xcessive' and SAP

is to say Y c

and, fu?t héﬂﬂrr%rcg%‘% gés %I 1i %t"&g%s?%%érﬁﬁ%\mg& 3%?%%’? oggrtl % {ggad’e,
then t he nohly dnect e tok tidtRs hadaltearig keeh sotfzmeti eshd, fL%p&ﬂﬁheng on
whet her this is A €O firmed track or a provisional track, the corre-
10 spondi ng nurﬁpe; r‘%(el@)a or nT(k) is reduced by one. The fusion of
hypot heses wi | | be explained in the follow ng text: the hypotheses

of a trackwithar suitabyaossh W, L0, othen &ohber recentpdithiestwol tfackBés deleted.
separation between two hypotheses Hl and H2 satisfies the condition:
15 di 2 h1 DeRerdidg 2n whethge thig s a wonfirmedittagbloy aghiodgonal ecikehégprre-

then t n S| he formnul ae:
Xi | h12?§+1\)'\8°'t>]%{'?90{% ’ﬁé S%BEkF ?%HB? ggeéj“feg%ibf’%illz( k+1) = | G hr (k+1)
r(=1,2 X P, hr(k+1) +t Xi, hr( k+1) XI h12(k+i) X hr(k+1) -X1h12(k+1))T
20 ci,h12(k+1)— | ci (k+1) r=1
he’fusion of hypotheses will be explained in the following text: the hypotheses
of a track / are compared with one another in pairs. If the separation between

two hypotheses H; and H, satisfies the condition:

2 2
15 di hy.hy < dmerge,hyp
with suitably chosen dperge nyp » then the two hypotheses are combined using

the formulae:

Xi,h12 (k + 1) = Zci‘hr (k + 1)X,"hr (k + 1)
r=12

Pi,h12 (k + 1) = Zci,hr (k + 1)

r=12
x [P,,hr (1) (. (& 1) = X3 g O+ D)o (6 1) = X1k + 1))T]
20 Cimyk+ )= D cip (k+1)
r=12
to form one new hypothesis. The number of hypotheses for the track i is re-

duced by the number of hypothesis pairs found which satisfy the condition

2 2
iy hy < Gimerge,hyp -

25  The formation of new provisional target traces will be explained in the following

7% (k +1) meas-

text: new provisional target traces r are formed from all the n
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



to formone new hypothesis. The nunber_of hypotheses for the track i
is re- duced by the nunber of hypothéé?é pairs found which satisfy
the condition 2 2 di,hl,h2 <dnerge, hyp. 25 The formation of new
provi sional target traces will be explained in the followi ng text:
new provi sixgr@) = Harge(k)t macesrianer €, f(lormpdPf 1 tra aklght foe (knald k andl)
meas- urenents zi(k+1) which are not associated with any predicted
hypot hesi s.thé\salues Sk + ) 0i, 34, fat 1)e® phdds, (kedihO0t Engatmberaferodwl y

created in this way is fornmed from a hypothesis with the

Sboverent | SHROE AR § ISteRset U ChioPUTBet ohiratsriatet lasyugments.
covariance P1, 1(k+1)=Pc, the weight c,,i(k+1)=1 and the val ues

SA, (k+1)=0, _ZA&(k+1)=0 and j N, (k+1)=0. The nunber of pr.ovj- _sional
Car gor Br adde sAciioniaBe kghbnd SUnRb < ol B deeBinelr B dhe 1SRG
measur ementtéxt. Phd ?ﬂsb@@lngua@ﬁb@mm}‘(kuhp fér thel didtROs) clRURL HEdHn b&Rcucli! be
explained in the followng text. The probability quotient LRL(k+1)
for the cl datkd doraedaghlitratk dafrorbéhecabights ¢;at/ednf ofralidhe nypothesesi h faseen t he
wei ghts c; h(tk + 1) of all the hypotheses h asso- ciated with this
track, usi rfipteheitfliatadnusipRine@ptiot h(k+1) h 10 and is thus
formal ly identiga _tde oyeral |l probability ci(k+1) of the i-th
target trace. Efﬁgk%@s_t?ﬁcgh f"¥he tracks that are present will be
expl ained in the follomfng text: the sequential probability quotient
test i gocarandeas tugtioimsdlly edstiiiclitathe bveriDprobhbifty clik -pUrgiase i -th hgrgeal ue
of LRi (k+1) is conpared with two bounds A and B. If the track i is a
confirmed ttiegék, the counter of track i is increased by one if the
bound B is exceeded, that is to say ZA; (k i-1) =ZA (k) + 1, and if
the bound A is undershot, it is reduced .b% one, that is to say
ZA1(k+1) =ZAe(tr3ting, of|the traeks/thialiare rIpserRIilk be rexplgingd imihenfollpuing dext:

val ues, tNGn&QulrHiaf GroBLERy HUCARAES. is IdarrkCoit ol Eagkirked P. Por this

provi si onal track, the coun I's increased by one if the bound B is
exceeddd, towsosestheovalieg o7 AR; (kk- 1 iq compaiad Wik two bounglsdA jand tthdf Bwund
A is undershot,. .the counter is_reduced one, .that is to say
PALCkT) - IRk ) 8 SRRtk e SR ek DSy bY SRR e,
then ZAL(ktbuir® B ibfexb&BdeliHhht isSo REY ORI + ) B A W9+ BOBRES thd beurciou i er
al so remai ns unchanged for provisi onal tracks. Both

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 /i is a provisional track, 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
¢j p(k +1) is divided by the sum of all the weights, using the expression:

cinlk +1)

nj k+1 )
hlz’?yp( )Ci,h (k + 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

crit ?

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



25 for confirmed tracks and for provi_gggnal tracks i, the weights of
associ ated hy- potheses are normalized”if the bound B is overshot,
that is to say each weight c¢i h(k+1) is divided by the sum of all

he weights, usi h sion: G ,h(k+l) G .h |k + 1} ~~i hyP k+
11 et} o BoriBed SREra S IHFet398 i The Stot iierton SALKY K
i the foll i : h i i SA. + 1) . \ 1
e LB 4 S B A o LT o e o R
"confirmed g, o PAIA @ = B the g&é\ﬁo@r&adkoe;gﬁ,cL@%n@y&l&mmﬁqea YrdeRs

-33- nB(k) of confirmed trac IS Increa y one. The status
i ndi cat or $f\ddatdd bl nes@id the funites i RAC kSnéreasashibycbnel Ahekvalje 74,

<ZA, ,i,, that is to say it is set to "provi- sional". If SAL(k)=1 in
the previ ousacritiest ngybire Whisiecaiubmehosen appiaPripie of PrRIRiROOtY of thedigced
by one, and,}Be,mpgber nT(k) is increased by one. The value ZA ,;, 5

is a critical nunber, which can be chosen appropriately, of
overshoots of the up- per bound B. The reassessment of previous
states Wi | lTHgesxdalahBRbrigieVidll bt A Bekdiaihed BitRE Follohity tiRowhesdge
about the track state is enhanced wth the aid of each new neas- 10
urenent, t Hee knawledge aroul the tirak stateanenanced with i pid of gAeh PR¥ERBSs ed.
Speci fijgcal fymeht] tﬁé‘hi§10?@§1ea tick it B&n BYREEAIGHSE] anbi G adsesERE s eciil t D
SAl (k + 1) =1 are calcu- lated back for a maxi numof nretro tinme
st eps i nt o cehw ipts casef alf the hypalbrsesh Josa traell | WithrSAaxt Y= argreglctio

time steps, only this nunber of ste are carried out.. The t at
vectors gndatég\%‘W EQ{C%QW%X%%[T\ &l ’?ﬁf@gﬁﬁ”S F?%H?e'"{wﬁ&ﬁ?é@ dt Otlrac?heéas% ock
cy- 15 cle = k, -1, i, +_ 1 i ,

a1 ons: VT Depiy s e by pry s FLiBeRbPuBR dehicd O THE
t - Pirhtr chate Bctobd hnd-VYévaiaRedy reebictia)edPiph e Hybothadél fér the)clock cyand
W, h(l), =P, h(I)-FT Pﬁhe 1(11+1) 20 ere Fis the transfer matrix of
the prdces<SIFolst K/ The- K &t rdspe &'F QRERPHdORLINE equations:

XJ5(1) = x; (1) + W (1) (x{?,}fO(/ +1)-xP( + 1))

Pif?:tro (I) o (I) W h(l)' (pl{%tro (I . 1) B Pif)lge (I + 1)) WiTh (/ )

and
-1
Win(l)=Pin()-FT PP (1+1)

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

clock cycle / to /+1:
nihyp{/+1)
25 cfgre = D ocigl+1)
£=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 i with a state vector x;(k +1), co-
variance Pi(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 B jtk+1
30 and hypothesis weights c¢; ,(k +1). The updated status indicators SA;(k +1) and

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



sis weight of the h -th hypothesis in_the clock cycle ! is obtained
fromthe sumof the weights of all ﬁé retrospective hypotheses in
the I1+1-th clock cycle, which are forned fromthe hypothesis h in
the normal multi-hypothesis cycle in the clock cycle |l to 1 + 1:
ni,hyp (1 +1) 25 ci biro = Yci,~(l +1) ~=1 After the end of the
cl ock cycl efragdatadiaadad brek 4Bi|§T:ea@Xérﬁ:I i§ prbdRsEBfutthd) fréMthe trackimgl
tracks and nT k+é)<P ogéﬁlon% racks i .%$ a state vector XI$k+l)
co- vari anc¥sS®n Rescrippd 4oqve /B QIS c3t& GRPeRding RN £hq signaj packssiig a
respect i veldistinefigre s dﬁa%%é’ﬂvé&f%eﬂ'ﬁéﬁ%@%eﬁ datanist baé%tedtcﬁ Me6 tddfr8-
xi 1(k+1), covariances '

k+1). 30 and ot hesj s ts ci,h(k+1).
The updat edPSPdipg Ul pHHPX‘:%%fBr“é' iﬁ‘f( ﬁ%"l“;‘ dﬁls 'Ed{ﬁf 9%‘%’?1‘9(
INi (k+1) algecesing! or whéther thactkadiadata will alsé §aes regdh é?auritrserrmdag@nd

d f f he t Ki t hed
i & case, ORBGRRAED off IhEmcrsRal! P ALRE RN RS ARIOR DS

drawn bet wq;%@séhh@hherthta i@pwpa@t@ daﬁoat sgast@ms sed aff divdnakcar ¢éckdeycle
spondi ng output system 44 in the sa in the case of broadband

signal  pr oWadisgickest %e"f‘ﬁé‘?"ct"ﬂ'ég t"?téc‘Rf Wﬁt ﬁ(lﬂ)\rqu(‘é)lst’?i’ (phd@cth@Bugh
a furthgr ’H%%?r?cg gg%clph&gkto Opr@élsé For e c&25§ idadbBhd 9 gyﬂgl[}?oéésg—”al

processi ng, elng passed on to the appropriate o system
For any gi vegi k-th cl ock cycle whi ch is picked out, the foll ow ng
lists of the n(k)=ne(k)+nT(k) tracks are 10 passed on as track data,
to be precise for the caseggzg(z1 br oadband. si gnal process- I ng

(k) 4(k) al(k). 4(k) %gk) & kplaai @Y adh(ik) B) ke (k- o@ﬁ()k)SAcéﬁ

a2(k) (k) a02(kp:as(dkik)' 7(%B<lk)az’:(8)( ks BR2 Gl )k ) M@%\\(t (Yﬂ)%&/'(ﬂ\)ﬂ Bhpk) :
88(k) An(k) an(k) 4( k)Magn(K/% M K) %an(k ) mand {por

th f d 1: BOI p
addi 1 onal 1y v ) - el Phgep” 43365 08) ot 7, 6) @Emmw
additionally v, (k), (k), a,jk), 6(k) MMMMM

and for the case of narrowband signal processing:

I:  asBDT plus,additionally v,(k), (k). o, (k). Oy (k)

15 2:  asBDT plus, additionally v,(k), ¥(k), c,, (k). Oy, (k)
M M M M M

n(k): asBDT plus,additionally v, (k), ¥ (k), c, (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



n(k): as BDT plus, additionally vO (k% c (k), (T, (k), 6, (k) The
abovenenti oned managenment bl ock 45 in The case of narrowband si gnal
processing is used to conbine the confirned individual |ine tracks
produced by the trackin stemin the case of nar and

P s ng ComHEI ey e JEBEBAGe% BTSSP b eythonlyease
referred tarehoenghiaet as SLT (single line tracks) to form 20
multi-line tracks, or MLT for short. In this case, the SLTs which are
conbined w th one another are those for which the bearing and the
bearing ratmergutpgilt spstéms HMieaid sMneldre sHdven &s eRuUemalning heckswiai 1 al |
originate fromone directi are thgre- fore onblnegS Furth rnore, a

check i s c&Prin&o6Rss &f Prﬁ?gb doting! droceseRde 11088 gk MNPt & fasls

deter mi ne WoplifiRyd ihhiGe RR@ranngloBK cidie Koary sdictédtiet of anreomBReitdryst SLT
25 differs excessively fromthe beari n%ﬁor t he beari ng rate of the

M.T, whi ch tases idetified ysingdhe MEmethomh bhwme&&ifﬂ@% wWerght ek I5g

andthe berln T nbi ned in.t an SLT
such as t h| e&tﬁdse GIC? 4 fgr ?%%S\/%% . ﬁ%ﬁ]ctoﬁgqu\ql_dng ale ?fsth%&ﬁ%&'@d as
a new M.T \Mﬂltmb Hypopesises 0Nl iy thare dispRye@NCy dd-taled vhltbridiuploher thBLTs

whi ch cannot be associated with existi ng MLTs and cannot be - 35-
conbi né@ wibebrimg engle qtibiésd agzenststmmasgdzj/ dimplayieg dearbearng abalVd&ectrish

Chown a5t ReSREBHeR T fraclo BBl hn WO Lo ale Ao b ullhe

si gnal pr ocesgdiudg, those tracks whose status is confirmed in the
rel evant clock cycle k are selected first of all. Fromthe target
traces identified using the WHT nethod, that hypothesis j whose

wei ght c; jif e tade df harrgwbaidesignal praseksing, abe bearirgaolikt daekmined Trbm
correspondl ng val ue of the bearin of this hypothesis B;,

t hen dil8pl #jidbe iShTa assodaipd adthvife gf"-fTa|SI taggrptor @BCIB MLT1.6 (B@afpm% cafrgl e

plotted agajned dir8Pin ¥ RLARIRK deict HWRRATI88, RdmAHdcndEHSELITORR
over the course of tinme, color-coded on the basis of the strength of

the respectoedeng anyik) btk hipotidsz Cadta thé srangesteiyht Si; ghglis in each
processing, the bearl ng t (k) determned from 15 all the SLTs
associ at ed cage included Nh_Tha gvaragieg pfameseartd iMdBplayed ombd matertad plotf inr ned

SLTs) in the d@iq_(%ﬁ‘ %?HEJ cl ,gk% o L tf&\%%?ﬁﬁ}( oftrﬁe% ¢ageh i srid éﬁ T,

the Dbeari r?g hesi's rongest wel

c1, (k) 5ps 'eacﬁmamduagmgﬂ,naeIt%ﬁdamsgg;%la%&eﬂ@m?@é:p&ass and i s

di spl ayed on wat er tron, the frequency vj i(k) of
t he strongest hypothesis I of all SLTs | of

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



20 each individual M.T i is taken, apg i s displayed on a waterfal
plot. Figure 5 shows the data flow ba @d on the mul ti-hypot hesi s :
tracking nmethod in the block 42 annotated MHT in Figure 4. In block
50, data is read fromthe sonar, installation, to recjse .

et oranl y PERIPEPTItES St Sehibhon doe Neal eklod SaRes 5hs fusipnaty

i n the caseypdthes! andmadorsigioalof pEWPRSAIdIGI tafd@ trdaésr read in is then
transferred to a data association bl ock 51, which associates the data
read in with predicted trace state vectors in block 52. The

associ at ed AdddeBhost §liient caORhRIN BIOCK 65 NIEILIO EHiowd the® ninag&mba, biwék ch
esti- 3 tes the state vector on e basis,of the neasurenent data
and the asngéc?%?"g es BFGJ@FHTOQQ qb‘&‘i’%[‘tﬁ'%r afﬁ%S%‘P@ﬁ?@?\@d state vector.
The bl ock 53 is therefore also re- ferred to as an estimation filter
bl ock, and_al sp carries _out fhe _correctian_process n tar traces.
35 A managdAeRePoE iEcateTt ealet RF) PloGho5 h SIRBER e BTt PRFE 2P Wik
53, is usedatries qiarthe tedtihg tdiarades cdd bestrided ebbas) THe satitigpbhkHeetrack
hypot heses, . the resol ution conflict -36- handljng,, the littd of
TAPget o aStAUS, ohaeR e beTe. de e PHR adroc MBS AP T hich foliShs
hypot heges thiatadt bibek.f or mati on of new provi sional target traces. A

| i kel i hood quotient cal culation block 55, which follows the

managenent bl ock 5 54, calculates the Iikelihood quotient LR, as
descri bed ®pevsus Jtaes| arkabadwesskbd]unt statetl abaleUinad rassbisntdnt Bocksss

s doscr bURBAY FRdocR Ao Fhen el wekfiol Sthar Jo h BE

above, is @atk iisthicukt59, Bnahd basik obthatresssebansntof thanhistoly. fralsl teagk listlO

this test block. Previo tates.are re esse as_stated abov in

't oasL8ssuRtch ey g By it HoeR i it Breaty e BN BeETe an

updated traens.list is then stored in the track list block 59, on the
basis of the reassessnment of the history. This track list 15 is once

again used by the prediction block 52 in order to carry out new

predi c- ti @nshe Adbdturebendreiahed @sthaeatiove rRiedcription foe trabfiyees ds ¢thie plaingn  of
the figures

in th j in the i of the
doscr i pti oAt AN BAR A BoeHT Prar Serd i) SHRee i R Rt B

conbi n20i oanydeBiredh eombdiabier withhend auethed. Ofhel Bivédtioneib aherefue ot re-

[ d d b d/ |l ai med, f nbi ' ,
Fact a1 PG & TEahE ket oG S Bh EHe CBPRATaR HAThgTEEH®

di scl osed. combinations can be considered as having been disclosed.



-37- Cainms 1 Direction-finding mathog for detection and tracking of
successive bearing angles (O of sou d-emtti ng targets over the
entire azimuth panorama or 5 a predeterm nable azinmuth sector using
a directionzfinding antenna (1) hav ing a multiplicity of

el ect r oacoldims or opt oacoustic transducers (2.1, 2.2, 2.n) for
recei ving sound waves and producing received signals, wherein, in
each cl ock cycl e and separ at ed%ﬁ tine intervals, received signals
fromin eakh JGA&stignfn @?9 SR {V?&Ptetcﬂ%“ erd heglibe o syreessigdFanng

cophase to for mnglesk® y @yscvhgRaliingtdrgsts dver PRaGEE &ambithFardedray or
and/ or phase shift, as a function of their geonetric arrangenent

with respect td RefeleBpigatle aimih segtor yiinda dEeriondndingapienap t(?a);)‘av'

signal s a direghgd @nmh:ngum?aﬁte%dtr@bb@shé oRopRIAcalsd trishudkrs TR N2.2,
reception direction (I which is associated with a beari. ng

)
angle and is A&MPHIRCCHINGI4NY Wy HRAREPOAUTIRS §9oHHEd ctgNalsatierein, in

intensities ar %a'cﬁ@ldéﬁtﬁaeJa"?hdas%ﬁafétédﬁbyeﬂﬁubtuiﬁeﬂﬂa%t redeRet SFgHRRMIr6H it O
the anplitude or the |evel e array as a function of the

bearing angl e (EFFhicAS@ AL AT 8 19R4P fyibe éfa('%ucersvﬂf@raépﬁd FPRNASE R {Pri At s

of sucqessive Crb@@ﬂgnﬁlké(‘éﬁéﬁa(o-{apdg@h& Mﬁé@éfa@'dndﬁr%asémw £ea firfefion
traces of succeSS|ve beari ng angl e nd preferred bearing traces

are marked by &ftthelcREPMEHS %WQE%‘?@? Y"ﬁ'é(ﬂesipﬁc“t at releredicei g -offith

trace state vecdsehof (vhlck-akidy- rbaas M’Gir@&!xoﬁél&h@ﬁic@é’rrstléﬂs'@é%oabtebNﬁthté me
t =k --1, are each associ ate earing trace and each have

a bearing angl énqipyecepligR diregion ({ é’ t”f)ﬁ’iéh'?féisle\‘ﬁé pigled Wiy @ Repring gngle

ferred to as thgdheaf kg angles t&ﬂ%ereﬁd?éhdéqmal(eb )én@ﬁntbﬁﬁt@éb%rb%cﬁ@éteeﬁnd
|tst|rT§ 25 derivative, which is red to as nenS|t¥%rat

(4), trace 3rAYPENSHEREE PS?%%POW‘PQ t? He %’FQE‘&’%‘MF% layekefdhe ARy k -

1/ k - 1)) for 4 lst he® ﬁmctldﬁ of méeébaeuhgdanrgreap@)sﬁ @taeh ‘éfé@k Q:S/&e (T)
(xPfe(klk-1)), i ch each have predi cted bearin

its time derivatnan igENEH P'@tsr@‘f%’rcP%%P“’teoC agk fyfdes éd? @t‘@‘ifeﬁ@bf’ﬁohg

rate ((Pre), anrfloROssshiRl ¥raRed 0P diide8sivé BESHRY éﬂglé@'%fnﬂgaréféﬂeg%e'aﬁﬁg
time derivative, which Is referred to as the predicted intensity rate

(4-Pre), are pr@&?%?'@d“?@@%tbﬁértr%f‘?% predi cted estimtion errors, in
that the predi chopRtPke@ach predicted trace state vector

(xPfe(klk-1)) and of its estimation error are used as the basis for
t he approxi mat ifi#hasf stgrting from trace state vectors (x(k —1/k—1)), which are deter-

mined at the time f = 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
25 derivative, which is referred to as the intensity rate (&), 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 (&), and possibly a predicted intensity (a”®) and
30 its time derivative, which is referred to as the predicted intensity rate

(4P, are predicted together with predicted estimation errors,

in that the prediction of each predicted trace state vector (x”®(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

35 model dynamics,



time profile of a bearing trace with | jnear subel enents as target
notion 35 nodel dynamcs, -38- in t haf “each predi cted bearing angle
(Opfe(k/k-1)) is calculated fromthe sumof the bearing angle
(A(k-1)) determ ned nost recently at the time t = k -1 and a nost
recent |y det er i tred eberapiedigtadabemriag lange)( 9P (huk t-iplis ediculbtedtfiven tHeock
cycle (T), for the sane bearing trace, and possibly each pre 5 dicted
intensity (apr&URY Rf-ti'?)beﬁﬂn%éf‘g’ﬁl(ﬁ(éd1)f)r‘3ﬁﬁ?rm‘|'@ds'iﬁ'ﬁ§toﬁe°‘?'i‘ﬂ¥ Ftripedise y
(a(k -1)) determ pe st _recent | the time t = 1 and a_ nost
re- cently det etr“ngI ﬁgc?q’}arﬁ PR Y© t&ta%tt?rmq?d-bf)a”?? r%k@%de’“BWpﬁ%
clock cycle (Thy th&tiobheyda(®) i8AIheGnld Bding itfc hid 3@8,%' 40N
probability is)biyn each c%seﬁﬁétern‘i %d f%feﬂags%giéati o'ﬁﬁ 10 of Zﬂr
measur ed bear i miptehgitenstyO( 428 (K- AN @dasatbd yrom teasir eflthieribensityt y
(a"""(k)) with one of the bearing traces, in that, as a function of a

det er ni ned assd@kat Dorlelsraingsi mpstyrecentiyeatsthipdiine edf + h@ndngyineost re-

o' (k and passi) Teas U i_nt i av!'t " (k are
Cal cul nt ed. ottty REERKr Sk X BB kel & beli€rore ) and
15 possibly a pxel hRtbdanhgnatdy (apre(k/k -1)), to forman
estimated bearin angl e ((t'; (k)) and possibly an estimted intensity
(a(k)) at the tf %@t fn asgociatigh @rebRRIliyse imeABFagadgerpined sprassociation
det ermijged in [ : it bved ' ' e
and poggi bly e;Ot %%rrg%rel n?%ﬁ@p%‘g}r@a@; (?g)r %’ﬁ Rsegs r aggnéégg@gp g‘teé%’
vector (k(k/k)) o hhgihehe b l}é@.ﬁﬁ%{?gcésr ace and, when a plurality

. 4 [ ,

of neasured bearing angles and possibly a plurality of nmeasured
intensities alrethsssaca dretion of bateteraidzeingsogiatisrap@pabilig, & esqaotddve
estimated values are added in a weighted form formi ng the trace
state vector (PERIMG FnYe (Phi X))k PARGILIY aceeasyipd iplensith race s} afee
vector (2(k/k)) gr ovi des the output vari 25 ables of Itplge trace state
vector, predi ctC@8@uigied; feoatestt with gerredigtadebearing andly (Pnhe (k Het B aand
bearing trace for prediction fromt Erek tot =k + 1, and in that
beari ng>t r aces PPe¥bi@ Rradietf NGRSty dre (/i chi 48 e ap estiveated Rearinda
trace quality. 30 2.. Direction-finding nmethod accarding to Caiml,
characteri zed iaﬁglﬂ{ﬁ(PH FMdaRessibhuan ?%@“itﬁd jntengity dA(K) & ahHgeinov &k a
pr edet er m nabl g gunber of cl ock cycles,

the estimated value or values determined in this way, together with the es-

timated bearing rate and possibly estimated intensity rate, form the trace

20 state vector (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-

25 ables of the trace state vector, predicted in the next clock cycle (T ), for the
relevant bearing trace for prediction from t =k to t =k +1, and

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

trace quality.

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

ability (Pp) and false alarm probability (P4 ) for a bearing angle and pos-



is calculated fromthe association prggability, presetting a
detection prob- ability (Pp) and fal s&”alarm probability (PFA) for a
bearing angle and pos -39- sibly an intensity with an angle interval

(DO between twp adjacent direc- tion characteristics, jch trace
quality (L) isS@&hﬁ%ﬂ%ﬂ“Wt"ﬂthﬁumﬂi@ (riaya! G E’er? zWOgHiaP?@tc["&ﬁ’ of
a new bearing tbAGcRaRictdriSlics! Snfh! tPAteduaft _tlﬁa)riis RGrripaldd with Béards(drhJJ)
are predeter- trace, wherein the bounds e/ 1=In 11f a 5 mned by
predet er mi ned phal@p) Fartinidstigpaof & dpwflmaringeracerdrifomatletm off a hebddse
bearing trace or the deletion of a true lro‘garing traé%I and in that
the start of i ; i rages, . (| ndi ¢cates fh i _a
Lo gmt e, nJREE! HIEROSR b PSSR oS e D0 o b S
10 3. Direction-finding nethod according to Caiml or 2,

charact 8ri zed iMinechhy Pradeterainegdirabatiiies  shab ariths cepfirmationef s flse
beari ng angl e a | 1S4 )
are determ nedgtggﬁ'?%{r%n%eoér;:rgthg?jz {eﬁéﬁ %Lég@:;%é@ﬁéd@g%é,%ﬁy *hljayngfelné‘t(;%ﬁgf

t he beari ng angbsfir@lRdebédring liyageseddicated thé rdetedtion df ;a kargetndnpgdbssehl y

the intensit . x redi f 15 k -1 to k, by a
squar ed.  nor e é%%?{siag‘?f”id}aﬁapﬁdﬁ?t{ré%qtrﬁé’?%ve(k| K 1) O 1PaB(K)) ~
and c ieas+6 (klk-1) (a p'a (klk-1)-a "ea (k ))2 d'2- 6bneas+6a

kI k- 1), whey ei p 1 he | e 'eas:
(KL 0% I SN AN P 8 Sl hren n
(aPPe(k/ k- 1) _als tddokRriérd prolaBii b htndderciibanhg sAfetdressgyaiihos

measurenment error cr7 Dui neas and the squared pre dicted

estimation errqfpAa(hblsutdd dnsty (k74esd)) Bk ddrermPBad it GoraNBhe of ANl

intensity, respectively, and the association probability is a maximum
when the squar edarifPtra®dd £4 rahdibh JfitkbedriHgesingd &P Qk/Ra1) predicted
mnimm 25 4. Direction-finding nethod according to one of the

precedi ng cl ai fpm &haf a¢-«k t Sid pEShibIY thd Mterdshf 47 %k QURIprddictbd Honpf
each bearing trace is determined on the basis of the trace quality
L(k - 1) of thesptéwikoby acqoeiedcyohelizatdstatisjoallinteiviely i ncrement AL to

be: L( k) = L( k - 1) 2+ (é;ﬂ'e(k7k4_9)-_®me03(k))2
dg= and

ol rol (klk-1)

2 (apre (k/k_])_ameas (k))Z
ool (klk-1)

wherein the squared bearing angle difference (@7 (k/k-1)-0©"* (k))’* or

squared intensity difference (a”*(k/k—I)-a"*(k))’ is related to the sum of

2meas

and o

2meas

20 the squared measurement error o, and the squared pre-

dicted estimation error 0(2:) (klk-1) and ag(k/ k —1) of the bearing angle

and intensity, respectively, and the association probability is a maximum

when the squared, normalized statistical interval dg or dg is a minimum.

25 4 Direction-finding method according to one of the preceding claims, charac-
terized in that the trace quality L(k) of each bearing trace is determined on
the basis of the trace quality L(k — 7) of the previous clock cycle and a qual-
ity increment AL to be:

Lk)=L(k-1)+AL,



wherein the quality increment AL of a @etectl on probability PD for a
real bearing angle in the angle intef} 40 of the main reception
direction of two directi onal characterl stics is determ ned from a
pr edet er mi nabl e density new y detected bearin

each time inteMpgrein H‘et ﬁ‘éa"EYzincf?”?ﬁﬂt H\p &h Bragiertiop pé‘ik?a%ﬂ‘% 8e'et Grrea‘( he
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statistical 19{1dtﬁtp@h8r%ha( 82 6khigthl sctbi0 the an@b-:ht@r\)ap x© AR false alarm
d2(k/ k-1)+MIn27r PFA ISI 2 where M denotes a neasur enent vect or

di nensi onal i tyPW’&@b@tYI\A:’FA from %Predete”é]mbleh@fﬁl%lﬁryoﬁfﬁ'éﬁ@l‘%'ﬁ‘? nKe s

| | df ch d dded
et ot o mob! ST BeaRg o Syl Peeof gnf St sond andforumuic 1

det erm ned t ra%nﬂM@'éqﬁXre@'—méé‘surerﬁéﬂt error (BER@Chqopkd PQH\d"%éﬁﬂ%ﬂi he

according to one of the preceding clains, €harac- terized i

array signals ghge @rrep@o%(wky Qn@aﬁafﬁv@a@%é umedanoanxbmzé@géhétaeav s
neasured and a frequenc I's deterfined for each measured beari ng
angl e, _and each ne or therefore has a neasured beari ng
angl e, | rreasuﬂrg%f" z@a 1)§2%IE3 measured frequency, and each
estimated trace state vect or in _each case has an estimated bearing
angle, an estimat e(z eaﬁd ng ra’lzelg/kacrmeﬂilmm&ed intensity, an
estimated i ntensi tﬁl [ estimated frequency and an esti mated
frequency rate. 25 6. D| FA¥E] on-fi ndi ng met hod according to one of
Aaims 3 to 5, WRAr Addibica®ImeBsurbRht Jdtordirh&sdidriy s ne=ant gnna
conprises a linear antenna, wherein the neasurenent error ben“.o, of
the bearing angné thes qeality, netaneant AL ireresalcrlaiad fpr eﬁ@agle%ay%am g

angle O'e’ s(k) aé@éjd L& SHUbF %%ré&et@ﬁﬁﬁéﬁl@%uhﬂ;e?%‘ﬁ'cto\ék:i()cléél to féi thd he
own course 60(k) of a watercraft which is fitted wwth'or is tow ing

t he di lécti on- Mastirasgniyrddemtinechiiece @iytadk—(Mo 0, as fol l ows: -41-
(TB

5. Direction-finding method according to one of the preceding claims, charac-
terized in that the array signals are processed in a narrowband form, an in-
tensity is measured and a frequency is determined for each measured

20 bearing angle, and each measurement vector therefore has a measured
bearing angle, a measured intensity and a measured frequency, and each
estimated trace state vector in each case has an estimated bearing angle,
an estimated bearing rate, an estimated intensity, an estimated intensity

rate, an estimated frequency and an estimated frequency rate.

25
6. Direction-finding method according to one of Claims 3 to 5, characterized in
that the direction-finding antenna comprises a linear antenna, wherein the
measurement error o ,.., of the bearing angle is a function of the currently
measured bearing angle 67““(k) and the currently measured intensity
30 a’““(k), the own course §y(k) of a watercraft which is fitted with or is tow-

ing the direction-finding antenna and a constant ag , as follows:



6B, ea= _ ~sin(Or" (k)-90(k))~" ai" 41 (k) where the index | denotes
a nmeasurenent obtained at the tine t k of a total of n(k)
measurenents, where j =1,..., mk) . 5 7. Drection-finding nethod
according to one of the precedi ng clainms, charac- terized in that,
when a plurality of neasured beawing angl es and possibly measur ed

intensities are ass@t‘:”i‘ ﬁ{aﬁ@m&qg ?‘k(m)tfa ab@f\%j ng trace, a state vector

x; (k) , a covariance i'ndi cation of an estimation
error and an %@F@ﬂhb nﬁ’éé?(b?ta'elwbﬁsé!a%éé‘shr&ﬁ&nt%%@éﬂ%d%ﬁﬁ’e%&hﬁkQ#%r' ng
trace i at a tine wherein the state vector x1(k) is

appr oxi mat ed fltoﬂalnﬁ m(&l) ghéasdrarmntaﬁmheae pEdr.abi(ky. of individual state
vectors which are determned froma plurality ni,hyp(k) of
interpretation hypotheses for association of measured bearing angles

and possi blzy mMpagEi@ChiddiHERSinbl @Scag RO oA bt merma@éu cnémqwac-m es
with an alread exi stlnr%g target trace, wherein ci

ni
hyp(k) 15 |nd Freddn t W)é‘?‘bﬁt@“ré‘l'tytoﬁ@Wb@PrR%aé@g at” eﬁénﬁr@éﬁ@ﬁl as
fol lows: ni, hyp{dekured .meﬁ&hescehrékasssaatbékafsrnﬂékéann\gﬁwce ébtété)v&ﬁ@;' |
probability CI(ké(lS determ ned to be: %/ é k—Y,,CI, K)
j=1 and the co¥ marf@éawtcre.matpa(%k)ufgr El‘étcé <Pﬁ Aedan @é’fm@t*on @fforrarﬁ( k)

20 P. (k k K k T

Di rectl(oal fl(nzjl Hd’vlﬁl;eéti &’5 %’é??ﬁf"ﬁa”{ %és&l'gf(e %%S?mté%clez'eé@}]"{ehat
the pggsible hoaunBeid fRGRRe IEQSKAKPH aﬁfamrﬂa@a%}h & WeRhRAAMGF
trace list, which bearing trace |i'st has, for a bearing trace i at

the time t = ka, plnarast’yaif éndAbdued stabe ve(ct@‘s)whna\ seveateraninss frerhra plufdlifyk) |
an overall probability. cj(k nd,a .statys indicator. SA1(Kk) in order
£ Tndi cat e wndt ek HeRlstaib? paoBests Yor AprAREEr Fed b blaril
provi si onal , qu ?s &R rb‘o@énbl%%é}el‘shred\’m eﬁ@ﬂééah@ﬁggmn}ﬁe@sﬁ’r@d fre uen-
decrenented as a unc ion e eX|s ence or non-existence o

sequen- tial | icleslvwithoardalgemlyi edsting éspetatradehweheieire cf (k). K = 1and,‘@p(k)

i ndi cator 1N (k) which -42-
15 indicates the weights of the hypotheses, to be precise as follows:

0= S 00%,, 0

where the overall probability 'c,(k) is determined to be:
ni nyp(k)
c; (k)= Dlcijlk)
=1
and the covariance matrix P, (k) is determined to be:
ni hyp (k)

I k) j=1

1100 )+ (e (6) -, 0))- ey ) x, ()T |

20 P.(k)=

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 ¢ =k, a state

25 vector x;(k), a covariance matrix F;(k), an overall probability ¢;(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-

tial likelihood quotient test at the time { =k, and an indicator /N;(k) which



i ndi cates the bearing trace for which éhere is a possible resolution
conflict wth a confirnmed bearing tFdte. 9. D rection-findi ng nmethod
according to Caim7 or 8, characterized in that 5 each bearing

trace is investigated for the existence of a. possihle resolution
conflict, whicinUetes Dedtesing 2ce s Wash fege i3 apassie raslidionzoatct

targets appeafvitata @ssignéd Bédringttaeesanme bearing angl e, wherein the
exi stence of a resolution conflict is identified when the |eading
hypot heses, on the basis of the weight, of two bearing traces process

th he 10 Sg@é Vnﬁﬁr%!dﬁcﬁﬂﬁfbﬁng am_etr&ﬁsgéwo'rdmg &omidri]ﬁqcx OL 8, icﬁ@r?bﬁeﬁi&ﬁinlaﬁ]at
avi ng nde en separati.on be- n a ot hesl s I at east
one of £he. tvio EAPPHS Fareds MRTIAR (o] BRI A RASE Db esguion
bearing trace econfiict! MBEhi secuRewhas the has begiiy Baded ofl &3scibitantamyets
pr edet er mi ned val ue. recti n-findiqg met hod according to

15 10. D
Claim9, charaé?@??f%&sﬁﬁ%?wgp?sﬁmet &MY BAY'Fr med bearing trace is no

f)! dEr OIt han L hehvﬂﬁﬁé)h tHe ?tstﬁmﬁ %ﬂé:tesobﬂ@n eoritictfis rdﬁmﬂ‘ieldeﬂﬁémmetlém [ Sh
inked to the history of that hearing trace i i S, associated wt
that hypot hesi SYRHBRESapARabRo of IHarha: PLl ficpriny 155 Froresr and s

| ess than t he pepdeh&isiidieshtval ue, wherein the confirmed bear- ing
trace is rejected, a bearin i st nd. the

Of. IS r ved fro trace
o Cber of cont tesaDlion Satfigs ienthisd o8 LR Tleh ). Sherafion bb!
Di r ecti on-f i ndithgermat Hypdthagie rahh g Iéa3t GhaidnthRe @o MRarit &téed and zied i n
that if, 25 for both of the bearin races whi ch are subject to.a
oaol t | on- sonfaadig Mepetigsoot e eanih, et Capbied t Bie 1l BhF bt i
| eadi ng hypot hesdistharsa basisterinliad valyer edet er mi ned val ue, the bearing
rate of _both hypotheses frombe- fore the start of the resolution

conflidt is conpared with the bearing rate of the currently found
hypot hesi s 10f tDhectemfindingethetHoacdecoriird B30CIaim DhetiadtsriAdnntiedt, heheveen

t he mat hemati cal Si of the bearing rate from before the. start of
Lhe rosol uti on CRBITRAciead drce Bre ge fenthp esERceRd et whe ropne
mat hemat i cal hsifigﬁe?beéﬂﬂg; ttt)alrrd Enmkb&mtr’feesi's?rpﬁf thae bearitg tracedwhielais
ing trace, the confi.rne arin race is linked to the, history, of
Lhe erovant - pestai reBet rRBohbSE yide sbaratian ot dnd &R o oo
or i s penoved fobthesidhs tdae thmathe pedataraindd ilye, aumerdil thentombienedbear-
confirnmed bearlQP traces. is re-. , .

ing’trace’is rejected, or is removed from a bearing trace list, and the num-

ber of confirmed bearing traces is reduced by one.

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

duced by one, and



duced by one, and -43- if there is a natch between the mat hemati cal
signs of the bearing rate from before€”the start of the resolution
conflict of the two hypotheses with the mathenatical sign of the

current hypot hei\ftsi s of the ggnfi rmed beari n% trace, . the intensities

of the bearing tP8EdS 2Pk orMGERANe aRHesaticalgigns R fif PERIBI Spteliom
differ enge Eet WRfdte tthe sean; bEtHe ief@blaﬁ@i E&nf@ég dfhtRe @RB-hybbihaEsk wartthélg
trace an the 1 ntensit or o of the two eari n trace I Nn- volve
in the resol ut BANEBAIIA S9N B ereat RRSHesE o the genfiiRed beaiatacsn
con- flict is lipsmtdizarsionmeRAnhg tHdeosadre Chb@pdickf afience between the

current _inten- sity of the nfirmed bearing trace and the jntensity
of the &ther off fRdnganiude o BedifgeRsebalveshing Gwnt Riasdy PLSIGH on

conflict from bghed ®ebhey shed indthe iIRRNsitESOONE botRe aABTdekfihg trhés in-
confirmed bearing trace i s |jnked tcg the%%i st@ry of t{he r el evant

bearing trace YOIRE {15 [eSANECTHEXHH fom Berars e stgrbel 1By regglutiog con-
[) enoved from t Higct hbelags tHalhggé Fn%%?itthdééf, t;g@ﬁfe?élﬁemmn Bk conBiht ihtﬁﬁg
earil ng traces IS uce .one. . rection-fin ng tho
neaor dong. to. oty o TG Biesis heatipOdTace o the rEssh oh Ate SRR R B m
5, charact eri ze@atify trBeds inGaNddg the ARBRItIOH corfilt WiotiBdfolerthe stiediche
lines are producgq(il, V\/nerﬁii n confirmed bearing traces of individual 20

frequency |ined®SPYRMBI'Ad to form so-called multi-line bearing
traces of a pliké abmflrinedfbebrieg et s IInke@ 3o Ry hivldhCchf thbeclbeaitibagriggd
bearing rate match vvith‘j.n gd{?&r&edegerm ned Jimt. 13.

Di recti on- f i nditiRgeneFoa" IS [1AQ reee & "glemief20" EREPVREFTD &rF PFR't hat
mul ti- 25 |ineifpaatagstt bAcase aumbenerkadirhed bebefgitiracesMiakbaded he
beari ng or bear- ing rate of a specific bearing trace of an

i ndi viddal freq@&ncy line differs by nore than a respective
predetermned limt value fromthe bearing or the bearing rate of

t he respect,ve | ti-Lipe bearing trace whic as been cal - cul ated
rom t o aver adigier ides Feliad Bhopi e Mgt He rgeaae TS HEaT ng
30 traces of i mihatibAwath GlaienBedieyadtérired i eiHpbeathd adddi & inaidual Frene
bearing trace and, if such a bearing trace of an jndividual . .
frequency |ine qugn?yoén?&,a@mr%dchg, ‘?”é%ﬁ\?e‘i?"gr 7 Prrying [aé\gaﬁ?mdmdual
mul ti - R0ne bearficagetioyaies aingl cormbined &g fimas-called @Viltivind bedringardeesvf ng
trace which, hoa p Mreall’it’y og(?rrg?qbler?c%sﬁnce)g lfcyr veﬂgh Ihreeb ua?i%yand bearing rate match

within a predetermined limit.

13. Direction-finding method according to Claim 12, characterized in that multi-

25 line bearing traces are checked to determine whether the bearing or bear-
ing rate of a specific bearing trace of an individual frequency line differs by

more than a respective predetermined limit value from the bearing or the

. bearing rate of the respective multi-line bearing trace which has been cal-

culated from the averaging of the bearing or bearing rate of all the bearing

30 traces of individual frequency lines combined in this multi-line bearing trace
and, if such a bearing trace of an individual frequency line is found, this is

removed from the relevant multi-line bearing trace and is managed as a

new multi-line bearing trace which, however, comprises only one frequency

line, and all the further bearing traces of individual frequency lines which

35 cannot be associated with existing multi-line bearing traces and cannot be
combined with one another are managed in the same way as multi-line

bearing traces with only one frequency line.



line, and all the further bearing trages of individual frequency

|l i nes which 35 cannot be associated wth existing multi-line bearing
traces and cannot be conbined wth one another are managed in the
same way as nulti-line bearing traces with only one frequency line.
-44- 14. Direction-finding installation for detection and tracking of
successi ve faeamitcotorafiglirgsiné)latih foodadeton ad tgckirgy @f&iu&c&&ﬁ[e hdze-
entire azinmuth, anora redterm able th sech in
particular for' ??%l?ng%a{s%” 9Ty ng%arg FBAVE 8|eﬁgrer’?§frﬂl6t PRRRGME ng
to one of O ai B alpre@etd@nindisly iabignah deEtek tin partituladion garyihg woBa(dkcwi t h

2.2 2.8 for tBedroRhgdatecnnd i BrOAIN hip 1 b BOVER Gl 5.
and having a be:aahgrdménnawm) okith @ Bemipie bf saledircablsticidl opeeaddusticock
cycl e and separat e(sl ¥ iéoge in n5Ival s, It adds received si gnal s 10 of
in each case alli@ngfucs’sy 2.6 20N dO% [ESRYVIG DY EDIRE Y BOPUSRS &P ay
sig- nals aftercerepsppagabh®haling® th@Eyrmasrdwhich hassgrasai duchakatain

function of their ﬁ%gomatrlc arra ect to a refer nce

line (B), withCS85RKO5K cYelmaeH S&P?%gedsﬁ’ygﬁa?é“fﬁwaﬁs GO Fefeived signals
?:lhar ﬁ:}l)@r :A;t [ ﬁ of @emﬁcvatsataﬁgr wngtckUpaofrma fﬂarﬁﬁuc@embpmdedbmﬁﬁi aredy i@
|1 C | socl ated, w earin n
hngl 66 10t ho. MEBRATER 8 hagtpEfime Halr ol 5 ars S e Asindiop ] ' ch
are desi gned t@edmsmcae/rrangte&mt {vitle et &S@G%rd’ﬁ‘@etlmet(Bﬁ Witpeadhude or

the | | of t t he bea |
() i enen” MR Rt e S Redind chBREt e B s SO Mth AnfBreT
pl ots of succes;spm dméca@k(;cwall)ewméms aseodamamhfaa&éanpg@hg|srmw|s at

bearing_traces of, s cess g preferred

bear i n35t races r@&ha'ﬁﬁi Srrtﬁrt Vnﬁef'?%é%e?”d %EW%’ QEP Vingearsi @ U ¢ he
di rection- f:c ndiam desighed toaaisplay hﬂsnﬁtlééad:dFMpf)lLdlngto {rz) amplitwdd ohthe
start- ing from ra state vetor -1). ), [ are

et er i noq at _oHE! of MecariCsighals 555 furblior, o fatkind ianies P, AL Sach
bear i 39 trace %ﬂﬂk&ﬁ@!b (Tavas ?n Bﬁedémarpldigwaét@treig(éh)si_t;aplovyebﬂ sikBesddive .
time derivative referred to as the bearing rate an
possi bly an i nc8§ CV%C}@? Q)s) nRwpiedal P'ﬁég&éﬁ‘ F‘?FJPQS@,CGS ?“c?ﬁe?si eit%ﬁ“aér red
to as tbe intensg angldsabd preferraisbdrih@@aced ¢4 ise maiReH b Bkrakkgr, whi ch
are associated with the trace state vectors (k(k-1/k--1)), trace

state vectors (RPPEEKFRe 1)), which are predicted for
in that the direction-finding installation has a Kalman filter (5) in which start-

ing from trace state vectors (x(k —1/k —1)), which are determined at the

time t = k -1, are each associated with one bearing trace and each have a

25 bearing angle (®) as well as its time derivative, which is referred to as the
bearing rate (&), and possibly an intensity (a) and its time derivative,

which is referred to as the intensity rate (&), and trace errors
(I5(k—1/ k—1)), which are associated with the trace state vectors
(x(k —1/k —1)), trace state vectors (x”"®(k/k —1)), which are predicted for
30 each bearing trace for the time =k and each have a predicted bearing
angle (®P®) and its time derivative, which is referred to as the predicted
bearing rate (&), and possibly a predicted intensity (a”'®), and its time

derivative which is referred to as the predicted intensity rate (#'¢), can be
predicted together with predicted estimation errors in a prediction stage

35 (5.1), wherein the prediction of each predicted trace state vector



30 each bearing trace for the tine t =_k and each have a predicted
bearing angle ((r)Pre) and its time d&ri vative, which is referred to
as the predicted bearing rate (8Ple), and possibly a predicted
intensity (aPre) and its tine derivative which is referred to as the
predi ct ed i nt e’k fHlat & ) (dRdeils, egtiaratioe eror ek osedi as dagebasis foxi thé ap-
predicted estimation.errors in a prediction,stage 35 (5.1), wherein
Phe pr edi ct 1 on BPRRUEN B &Ame e ok edeeriay 438 i ineds bplements 55
Pre(k/ k-1)) and taigst @stiormbieiyasmes, are used as the basis for the ap-
proximation of a tinme profile of a bearing trace with |linear

subel enent s as whesgigestachuredictedduaringlyanglel (3°'° (ér-e hcambh ¢aicdited ed
beari ng_angle ((OPre(kilk- - can. be cal cu| at 5 fromthe sum of the
bear | ngSangl & TPk Foraal ke bemindrandte FEUEHTY geBrmneRancs seceme o '3
and a nost rec Yy det erm [ t -3), . | 4] plyed
by the clock 03@% (ka\%(e TF R mg%fﬁ%&rt rggegggrdlg%e(gfégn%d @ar')é%éat%gg%%bﬂv’

), for e sane race,
each predict ed mhutigiegidyythé @R YK (1)) fof &e £8ns BbaritgatRd, hhidpbddigy sum

of the intensity (a(k -1)) determ ned nost recently at the tine t =
k -1 and a 10 reesh presticied infergséty ¢afif el + D) ears be yalcalated(fdgnk 118 $ym of
multiplied by the clock, cycle (T ), of the sane bearing trace, in
that the di rect”i‘%ﬁ‘-t‘?risﬁﬂi(ﬁ(ﬁ‘y 1%F’é‘?f’é‘f‘?@ﬁ“%&?cén%%@h?é'ﬂ’@ntt:ﬁaﬂaﬁnda
associ gfi on st i s desi tRhat it}

deter m'qrges an a@%g-rgg%ngwg nggﬂ%ga@%n?%%ﬁ Li%’%?)pgaﬂh@ﬁh%f Bg%%eg@girged
bearing angl e (BeQT(kof)thd BardeBepaastddey a measured intensity (a"(k))

for one of the bearing.traces, wherein as a function of a determ ned
associ at i on pr dbiB faqrecioniiiing BateTgieaase RAgTETeN o §5ogaton
possi bly a neasstagd8) Mhihss dgsigaed sdh) thabit & edichl cdsb afebHtmincaaat Ho-
with a predicted bearing angle (OPre(k/k-1)) and possibly a

predi ct ed i nt erfigtioy RrelpFaditk ok asgociatips of g meaﬁureétbamt\@@nséaWﬁ”é(kzb
angl e gO( k)) and possibly an estimated intensity (a( k%\) at the time t
= k, Ad t he &Sdineasibl & aeasursd infansif¥d adeter femene piihe thparingatfaces,
together with . i b i . i Lest |

intensity rat e&%ﬁ@%h@%&g@e&%& %'tt% {ar%@%(gtag?&(ﬁ%@ﬁh aX’(‘)h‘ﬁfta‘hrtga@;rlsgﬁ?ﬁant

bearing trace Q:rea_rm@@n?la (@ @) divd PhssidipasHERAIr&E Miériddy apTFE9 ) ans
possibly a plurality of measured intensities 25 are associated to

form a beari ng dalcakesd, tB§eth@SWRIEtd PRdR%Ed BBLAE ¥AdIBED AT @/ kadpednd n a
wei ghted form formng the trace state vector (x(k/k)) of this

possibly a predicted intensity (a”®(k/k —1)), to form an estimated bearing

20 angle (©(k)) and possibly an estimated intensity (a(k)) at the time t =k,
and the estimated value or values determined in this way, together with the
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

25 are associated to form a bearing trace, the respective estimated values are
added in a weighted form, forming the trace state vector (x(k/k)) of this
bearing trace, and this trace state vector (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 f =k +1, and

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

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



bearing trace, and this trace state vegtor (k(k1lk)) provides the

out put vari- ables of the trace state vector, predicted in the next
clock cycle (T), for the relevant bearing trace for prediction from
t =ktot = + 1, and.30 in that the. displa ans 3, 14, . 4) are
desi gned sden OiraEpeintgne B aceifinalS Rt & Pareliedl mt. i

di spl ayed as aoftdents pedicothedprédieted stialédtyr. - 46- 15.
Direction-finding installatio &gco;«dji to Caim14, char act((ark: ied)
in that, in order tonr i ¢t teE"priddiBted state vegtor xpre -1)=
Opre(k/ k-1) =F2(k- f?qjkﬁ%?g"jgr ¢ %0 1) ﬁg'égr_ef/lé(/_k- 1) 5 xpre
(k/k-1)= (Pre (klk-1) =Fk(k-1 k-lg% apre(kl k-1) 4ere(k/k-1) for the
bearing trace, aadpredi cted bearing angle (OPre(k/k-1)) and its es-
timated rate of change or bearing rate (( re(k/k-1)) and possibly a
pre- dicted intensity (aPre(k/®&2d(kykafdll its rate of change
(&Tre(k/k-1)) are f er m ned, &@e ding to a |linear subel enent
of a bearing trace r?eéf‘dlé“i @?g&{kr/;zg? 7 F (X VK- -1)) deternined
nost recently at the tinme t = & -(%/ Wi the bearing angle (k -1 /k
-1)) and possibly the trace im#&H&iky ) (6(k-11k-1)) and the nost
recently determ ned bearing rate (((k-1/k-1)) or intensity rate
(*k-1/k-1)) rmuffaritpé bearirgytradee agiredikted ypebrng 4918 (PG (Igikvet)) 264 its es-
OPre(kl k-1)=0( k-1l k-1)+(4k-1/k-1)T ( re(k/k-1)=(%k-1/k-1) and

possi bly apr e(ikiakedliptea pkehbinge by bagindlidte (91 (Mpr-elj kakd ppssifik alpre- 1) ,
20 in that, in a separation calculation stage (6) which is arranged
downst ream f r divtachiatqmsityli( af'F @l ksttapend Bs Ixteodf dhaegakiffidk /&i- 1) parg 5) ,
associ ation probabili- ties are determ ned of an ?ssoci,ati on Het ween

the neasured vAPFEEINEY( I CSPORARG I 2UNSZY SYbRCPPH! @ healing {agg,rom a

measur ggent er kaEs ve&tdO( x(k'-"1/ RDd) adetermi®dd most recently at the time t =k —1
with the bearing angle (B(k -1/k-1)) and possibly the frace intensity
(a(k-1/k-1)) and the most recently determined bearing rate
((g%k —1/k —1)) or intensity rate (§?€k —1/k —1)) multiplied by the clock cycle
(7)), to give:

15 ®pre(k/k—1):@)(k—1/k—1)+(3(k—1/k—1)-T
S (k1 k —1) = Sk -1/ k —1)
and possibly
aP(kik—1)y=akk—1k-1)+&k—-1/k-1-T
& (kik—1)=&k-1/k-1),
20 in that, in a separation calculation stage (6) which is arranged downstream

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

ties are determined of an association between the measured values ( z(k)),
measured at the time t = k , with measurement errors (2" and ¢2"*) of
a measurement covariance matrix and the predicted state vectors
25 (xP™®(k 1k —1)) with the predicted bearing angles (" (k/k -1)) and pos-
sibly intensities (4P (k/k —1)) with estimation errors (PP™®(k/k —1)) by

determining a squared, normalized separation (d12) between the difference



a measurenent covariance matrix and the predicted state vectors 25
(XPfe(klk-1)) with the predicted bearing angles (Opfe(k/k-1)) and
pos- sibly intensities (ePre(k/k-1)) with estination errors

PPre(kl k-1 det i ni , | i zed [ d?
between e i H¥ LpEee hrycoteRgtiegi (A e FRanEReRl Scieqd
and the predi chaf SLREGMRELRR (SYof fhel @FBRCT t0 the sum (S) of their

errors, in that the separation calculation stage (6) forns the
f eedback path frr that theheepasdtionncaldulation st&®)e (B) dormanibasfaedhrasktpathnfram

associ ation st §oeyfifhan fitQr g) Va4 néa%&%ﬁségxﬁ?%? %té%c@atﬂﬁ sutb% :(gﬁ,‘lt orrm—each

filter (5), inthat a trace’'vector (s e tine
bearingStrace td(skade)(S2pobihkiMaimynilfek)P)z (k) - HxPre(klk-1)] is

estimated in the fil- 5 0 h r edi d ctor
(xPf e(kl k-1)) 0F i 4 vEe VREROR U 30 b ?}ﬁ%’r &k El’?l%"ﬂa%%t“?‘hgtr%%
measur ed val ues, /((z" . ea;'),g k)) and their loprgeasurirrent covari ance,
matri x (R usi igKtMe readkenbhKURgFi~Hx1 /6 -0 |Hg estinatedin hadit he
mat ri x K(k)=PPre(klk-1)HT [H. PPre(k/k-1)HT +R]-1 15 and the

covari ance mat ténstafe (5@ ftonatre petiotedi statdeicetoni REA(K/& -bi) and (tk edt)
[ - K(kNH . PPre(k/k -1) . [! - K(KKHT + K(k) . R. K(k)T wth the
unit matrix 1, matioh eador { P& gekt— 1y add tHeetheasabe valaes 01 %Py efdk tikirk) )
and the next pre- dicted estimation error (PPre(k+11k)) are predicted
t heref ABm i n t Feagusemenpooverigege B9EkéRor the time t = k + 1 in the

predi ction staggingmeheburtentiabtrn filter (5). 16.
Direction-finding installation according to Caim 14 or 15,

characterized in that! iOn @rder to determ ne the association
probability of an 4&s ¢i @t ipngof 25 the neasured value (z(k))
measured at the tinme (k) wth the neasure nent error (R) and the
predi ct ed st at eng&utmatrikxPre(kl k-1)) and estima- tion error (PPre(k /
k - 1) ), the separation calculation stage (6) is folJowed by a
trace quality cal cw(asePPRk/hayHig aPa(ioul-afieh +stjage (11) provi ded
on

15 and the covariance matrix of the trace error is determined to be:

Pk k)=l - KUH]- PP (k1 k =) -]l - KUHT + K(k)-R-K(k)T
with the unit matrix /,

in that the next predicted state vector (xP"®(k +1/k)) and the next pre-

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

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

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

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

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

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

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

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



the input side in order to calcul ate_t,he Iikelihood quotient as the
trace qual 30 ity (L), the detection probability (Pp) and false alarm
probability (PFA) of a bearing angle in the angle separation (AB) of
the main receptiQn direction -48- of two adjacent directi I
characteristi cs°f e aSP@ﬁ%tt rreﬂlcgp@& Cﬁ?raftﬁ'gStFﬁratr%é’Fede eﬁ%‘meé‘ aﬁﬁ@? %ﬁh,er and
a downst r eam bonpuds thengadr arsican dolensteam idnd ampatissedevicgURy at whose
probabi |1ti es & and./ 3.8 eget 5 Bndaligr, SONtd aRE 000t 8 il s
trace or del eti'dn of tue f‘r%ﬂ:e, ?r?‘fﬁ%? '_fnﬁe AC8 HU"&?I P'i')(? ?L"j1 at
the output of SrdcBeraletish 8t 4 @lle $taedan tHakind FasOqRAted) bhnthridpnd
conpari son device (12) an upper and a | ower bound (T2, 12 for

th
addi ti oA of théh%é"’fﬂF‘F'ﬂ‘an\é\%@g%(”l@(%ﬂ@afechiﬁdh%B%@dm%‘%ﬁiéori fepee (12)
intensity (6(klktnard Qodepaftia IBWENb&IrINGDL, T?ﬂ‘@l‘ Sdditiedf theBEarkRpsnd

trace, in order to initiate a new bearing trace or in order to

del ete the bearigngs #)) amd, pdsBiblyhibe frdve REMSINYa@ANB) E® fohkd lo)dvisidrdl 10
possibly trace intensities (a(klk)) at the output of the Kal man
filter (5), to-angéricenfirpiedbeatieg atspin oslieyivdhitittecnnaevhbedringricace or in

i 1 for th iated t it

P ot o DS TBMelee fisheatinn fharh R A Baaued Shds Tl WERaid )

| K/ k ' y ' ' i t.ed
oo B L PR AR Iy ARk I T AE Yo of 1) Kalln SRR 6
arrangenent d_( l%l)ethetr gvith fltse dutppl §?nd%?§th§@ouﬁ@ cwltnblgyrtsfn_fwranlg@mbhgg 2) t
traces are |1 S ed. . rectli on-r1i I N | NSt a al | on cordin (0]
bnoof O ai m 19 8 Sgociaindivae apailes L 3 Parekt @ egiid Trior Be zog
statistical sepsy atabed) ihdBekbkaring ar§le A4kl ky)1ind possibly trace intensity

yT(kl k-1).S 1(kl k-1).y(kl k-1) where y(klk-1)=z(k)-WPre(k/k-1 is
det ermined in t(A&k/depas gonractechveur Aokl 4t whish(@&p b@rcmﬁglteidnéy tthee
associax tion probability of the association of a neasured bearin
angle (8 e (k) Pelafgombatseliar=toaiadiyals R ey Ra ekey “Eh o m
beari ng trace uebkrigy Racdshee glsplagéd.near est nei ghbor net hod, wherein
the squared bearing angle dif- ference is related to the error sum
(S(k/k-1)) of the nmeasurenent error (R) and the estimation error
(PPre(k /k 171) Digcteh-findiny hstitation=adcordingtto onkt of Ckeims dddo tl&.echaracter-

probability of the association is a nmaxi mum when the %&uar ed,
normal i zed st at3estin &t agepanedt pemafig) stptistigalifeppiation (S0(Kk -1))

20 , d?kik-N=y  (kik-1)-SNkik-1).y(klk-1) where

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

tion probability of the association of a measured bearing angle (®"“(k))

meas

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

25 the global nearest neighbor method, wherein the squared bearing angle dif-
ference is related to the error sum (S(k/k —1)) of the measurement error
(R) and the estimation error (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 (d2) is a minimum.
30
18. Direction-finding installation according to Claim 17, characterized in that a

gate circuit (7) is provided between the separation calculation stage (6) and

the measurement data association stage (8), for comparison of the squared



18 Direction-finding installation accqpding to daim 17,
characterized in that a gate circuit (E"Y) is provided between the
separation calculation stage (6) and the neasurenent data

associ ation stage (8), for conparison %f t he squared -49- normali zed
statistical sepwaglzed stalizlicaheenasatipn (1€ ) ietrrandbe nsirawedvelue laad the
predi cted estimted value with a predeterm nable gate value, in that
the gate circuiredigtey gstieatadt wluawith uaredgierminahiel gate vakieain Htat dfzd
separation (d2) . bein assed on at the output of the separation

cal cul ati on st &5 %‘Ef)”%i( ) RRYQNts thesouated; permalized statisticakseraragon (d°)
predet erm ned gate val ug, in that the gate value Gis determ ned

usi ng: G 2- | n 958%0PasEed PRyt the) QutRAt bR $eRargipn selesiation stpog (Bef s i on
probabi 5i ty (PQkph@tioR i gedatdteibh g prtBletminadt fite van@! & FeRaRAlaRN
(A(r)) of the majn reception direction of two adjacent di- 10
rectional char é’@l“@ré&‘?%%’”&?ﬁﬁj %M%I se al arm probability (PFA) taking
ac count of the sumof the squa:lsDeq\@reasurerrent error (v'") and
estima- tion error QPo?r' - ; denot es a neasurenent
vector di- nensionality, GRépe (RFE 1, 24871 ..

by presetting a detection probability (Fp) for a real bearing angle in the
angle separation (A® ) of the main reception direction of two adjacent di-

10 rectional characteristics and a false alarm probability (Pr4) taking ac-

count of the sum of the squared measurement error (o2™*) and estima-

tion error (PE™(k/k —1)), where M denotes a measurement vector di-

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



