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mai nt enance conprises cal culations of track or target characteristics, but
may al so EBrupxed®%t predict the behaviour of the target in a near future.
Such estimates are often conputed by filtering of a series of simlar :
measurenents over a certain time period, 35 since the individua

measur eme LGN AR ai FEHEENT dightbeen performed using measurements

from active sensors, such as radar's or active sonar's, which

15 report measurements from different sources. These sources may
be targets of interest as well as noise or false targets.
Tracking serves the object to organise the sensor data into
sets of observations, hereinafter denoted tracks, produced by
the same source. Once the existence of a track has been

20 established it is possible to estimate related quantities,
such as the target position, velocity, acceleration as well as
other specific characteristics.

The basics of multiple target tracking include three phases;

25 track initiation, track maintenance and track deletion. Track
initiation involves processes in which a set of single
measurements are collected and a likelihood that they
originate from the same source is calculated. When such a
probability is high enough, a track is created and associated

30 with a probable target. Track maintenance comprises
calculations of track or target characteristics, but may also
be used to predict the behaviour of the target in a near
future. Such estimates are often computed by filtering of a
series of similar measurements over a certain time period,

35 since the individual measurements often contain measurement
errors and noise. These calculations normally involve previous
measurements, condensed into the so called states of the
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uncertalnty levels of the estimated track parameters or on a

15 certain numbers of "missing" observations.

The tracking step incorporates the relevant measurements into
the updated track parameter estimates. Predictions are made to
the time when the next data set is to be received. This

20 prediction constitutes the origin from which the determination
of whether a new measurement fits into the track or not is
made. The selection of new measurements as belonging to the
track or not is known as "gating" or measurement association.
The prediction typically constitutes the middle of the gate,

25 and if the measurement falls within a certain gate width, it
will for example be assumed to belong to the track. A common
way to perform estimation and prediction is by employing
Kalman filtering. Further references to Kalman filtering can
be found in "Estimation and Tracking: Principles, Techniques,

30 and Software” by Bar-Shalom and Li, Artech House, USA, 1993,
page 209 to 221.

A description of tracking systems of prior art can e.g. be
found in "Multiple-Target Tracking with Radar Applications" by
35 Samuel S. Blackman, Artech House, USA, 1986, page 4 to 11.
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can be determined. However, such radiating sources are easily

located by enemies and may therefore be destroyed by missiles

I5 or assist in the navigation of an hostile target. It is
therefore advantageous if tracking would be possible to
perform using only passive sensors, such as jam strobes from
the targets, ESM (Electronic Support Measures) sensors or IR-
/EO-sensors (infrared/ElectroOptical). A major disadvantage

20 with the passive sensors as compared with radar is that they
do not have any possibility to detect any range information
from a single sensor. They will normally only provide
measurements of the azimuth (1D sensor) or azimuth and
elevation (2D sensor), with respect of the sensor location.

25 |

| An obvious approach to overcome such a problem is to employ at
least two sensors, separated by a distance, and use the
combination of the measurements. By this it is possible to
perform a geometrical triangulation, which at least in

30 principle may give the absolute positions of the target as the
intersection point between two measurement directions. The
measurement directions are hereinafter referred to as
"strobes", and the intersections are denoted as “crosses'.
However, if there are several targets present in the area at

'35 the same time, pure geometrical considerations are not enough
to find the unique target positions, since there generally are
more crosses between strobes than true targets. A cross that



An obvi ous approach to overcone such a problemis to enploy at

| east two

sensors, separated by a distance, and use the conbination 0;$+/§1£98/00344
ca

nmeasur ement¥® 9888 his it is possible to performa geonetri

triangul ation, which at least in 30 principle my give the absolute
positions of the target as the intersection point between two neasurement
directions. The measurenent directions are hereinafter referred to as

"strobes" A°8% e SAHEIRA/T s ke WRHOtERFIRE "I sanqted 1w

St f

t here- a_remﬁ\tgfl e&!mo?xeé,geéﬁacpé agen tméaf‘adﬂ‘tﬁr;\éﬂ@fﬁ% Q%Iﬁﬁgam_ ¥ idEroflr e
geonetrical_considerations are _not .eng t i nd the uni que target

posi ti ons 5% Y u‘%’e‘%ﬁé&’m% g éargfoesls%%atﬁeqm AHEE han true
targets. Amrearssedthadach WHEOB/B8&EAN Y. Thus, there is a need for a

PCT/ SE98/ QA L dap0oly, SOIJ SN ANY Jyie; {0k, dengled 2

"ghost urthernore, Since e neasur S are corrup

errors,

strobes i ridandiifgasbtandAmutiicindhe ahnstoh ang rriteetast. | nt er sect each
ot her exactly. Thus, there is a need for a 5 process in which the true
targets anong the crosses are identified and in which the ghosts are

rej ect ed. PAGRSEHYI® WRY §D IR &S BRAIDISM IS &0 i etiale 3t possible
crosses f g1 s Es strapes BsbdHiNs adersodd drmXifpslided idhood

pr obl uch a pr.ohl may. be | ved | n.a conventi onal by computers,
Lt P RE oy 7 CUTRE SHAA n e S h Ao Aot VTV oH ot
very | argeauuderiaialressasy ddngoucosgrit dsut iueeiwhi < munbare asfedsdrosossich

ranbor of ‘aseors M ATRE RS e U RS ol 08 ol 441€

nunmber of <Sensor even e nu

cal cul ati gmosddd. fhe poepitise tingperitiormioh meeded eier ofucloday in real
tinme. |t i5100MQUSlONSOMERANS, siiddathidus e, &t diiatn@nld AckE NGhSyStLm

t hat clzsannot erform

and the number of sensors, and even for relatively wmoderate

numbers, the calculations will be impossible to perform on

computers of today in real time. It is obvious for someone

skilled in the art that a tracking system that cannot perform

in real time is of no use.
20

In the US patent 4,806,936 a method of determining the
positions of multiple targets using bearing-only sensors only

is disclosed. In this method, individual strobe measurements

from three sensors are used. The intersecting bearing lines

25 form triangles representing both true targets and ghosts. The

separation of the ghosts from the true targets is performed by

analysing the size and position of each triangle and in gating

processes eliminate some of the ghosts. The remaining set of

triangles is entered into a maximum likelihood procedure to

30 extract the true targets. The gating process is based on

simple geometrical measures, such as the difference between

the individual strobes and the geometrical centre of gravity

of the triangles. Such measures are however sensitive to

measurement uncertainties since an uncertain measurement will

35 enter the calculations with the same computational weight as

the more accurate ones. Since the individual strobes,

which

normally involve large measurement uncertainties, are used for



inreal time is of no use. 20 In the US patent 4,806,936 a nethod of
determnin sitions of nmultiple targets using beari ngpedjskoSGRFOr S
only is d|€EV%§§§ﬁ In this nethod, individual strobe nmeasurenents from
three sensors are used. The intersecting bearing lines 25 formtriangles
representing both true targets and ghost% The separation of the ghosts
fronlthe ue tar rf ana Sln the size and sitiop_of
cach 111 aTgRE BT FE prot e T T o T haS fberae “Trge
remai ni ng tmean‘s toamngitesbe speerﬁcmmti nmry aaccmxra:mﬁ.}h kEhrhbezhmprecedhlee
to 30 ext Lackidiadd Whd@raels o GALIN0 PrREESS: 15, DAGH CRrSLMP
geonetrica sures, such a he di fference etmeen t he 1 ndividual strobes
and the gésfdafridml c@ﬁ&@ﬁbfw@rla\ﬂllmlﬁ)fth%erang%r@f edetapehoneasures are

howeves S%'l%'rh'f‘i%a&&l@}aasivl{ enEn) dBGERId adpi1 §i8s Shdeer dMmategeat ai n
measurenment Wi |l 35 enter the calculations with the sane copputati onal

wei ght as IERETAIISHAQR SR RS . EhehddEeR FERFA Huhn SPHBHEES whi ch

nornmal |y idgieldvainticge wisas W eBow Gt iiddti£Sal &6 ecsedafi Drthe WO
98/ 38521 PCT/ SE98/ 00344 5 t hese

cal cul at i SRESYHFe TFt% TR Rt iDMEBFOHEY i Th FFThe- 2 r ?‘arﬁe‘f%m]B%ﬁlﬁ%’? be
per f or med beemgemnmhaatni@avﬁualherﬁmrhms ! FeemsstEproxkitdiaat t @ef Penwist

exi st d o], f t h S I Myl ran of

det ect?on E s%ltsgn |V{:la &!Lﬁ%f 'S #so not%iﬂﬁ% oué/é:¥|l h%%l t]LJ(;)g r?é%%gatogg&er
gener al i satitén the mhrave r@sqmm geafywd  wihobyi ousrelisetivantaggewi t h t he
above net hed 4,5 also that all the sensors have to be synchronised in order
to allow a conpari son between the individual strobes. Sensors working at
different 10 rates or with different offset tinmes can not be used together

Summary of the invention

15
An object of the present invention is to provide a method for
multi-target tracking using passive sensor measurements from
at least two sensors for track initiation, which method is
possible to perform in real time and does not exhibit the

20 above disadvantages.

The object of the present invention is achieved by a process
exhibiting the features set forth in the claims. The process
of the invention uses filtered strobe tracks, which give

25 accurate angle determinations as well as angle velocities,
accelerations and other relevant quantities, as the source for
creating strobe track crosses. The invention preferably
defines a quality measure for each strobe track cross,
representing a tentative new target, by which quality measure

30 the tentative targets are sorted and selected. The quality
measure is based on the consistency of strobe track
parameters, such as angles and angular velocities. The
calculation of the positions, speeds and related quantities of
possible strobe track crosses and the covariance of their

35 parameters are preferably performed in a recursive manner.

Drawings
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measur e fofrgethgstigbenteAck cross, representing a tentative new target,
by mhi;h qual ity nmeasure 30 the tentative targets are sorted and sel ect ed.
The quality measure is based on the consistency of strobe track paraneters,
such as angli®SRahd abguaablyekodisyeam Ibeusaraviagi oheotulbe-pasgetons,
speeds and rel at ed qggg&gtles of oseible strobe track crosses and the
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PCT/ SE98/ 00344 6 Enb C to the present invention are
presented in detail ?ﬂi?EQE$ ﬁ %ﬁ#ggggln connection with the associ ated
drawi g, iRIGWR ch: 5iE aurleck diagranotkluphyrasng| thst shreRg-tHacking -
mul ti-target tracki ngrgreg§ess;

FIGUR 4 is a schematic illustration of strobes and strobe

tracks;
FIGUR 5 is a schematic illustration of the recursive manner
15 in which higher order strobe track crosses are
calculated;

FIGUR 6 is a schematic illustrating of strobe track crosses
with 1D sensors;
FIGUR 7 is a schematic illustrating of strobe track crosses
20 with 2D sensors;
FIGUR 8 is a block diagram illustrating the selection of
strobe track crosses as probable targets;
FIGUR 9 is a block diagram illustrating the initiation
process;
25 FIGUR 10 is diagrammatic illustration of a tracking situation
with two sensors and one true target;
FIGUR 11 is diagrammatic illustration of a tracking situation
with three sensors and one true target;
FIGUR 12 1is diagrammatic illustration of a tracking situation
30 with three sensors and two true targets;
FIGUR 13 is diagrammatic illustration of a part of the
tracking situation in figure 12; and
FIGUR 14 1illustrates the sensor and ET coordinate system;

35
Detailed description



Fl GUR 2 is a block diagramillustrating the target track initiation
process; 1lQodsl@iR 3 is a block diagramillustrating the PCTSEBHcKi ng

process; FIGIR 4 is a schematic illustration of strobes and strobe
tracks; FIGUR 5 is a schematic illustration of the recursive manner 15
in which higher order strobe track crosseé are cal cul ated; FIGUR 6 is a

schematic Lllustrating of strobe track crossesywith 1D sengars; FlGJR 7
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FIGUR 11 is diagra thG Tl us gt + opv,08va t wagki ngndi tuation with three-
sensors and one true tagrget; FIGUR 12 is diagramuatic illustration of a
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FI GUR is diag&anna iq}iIIQ§trat| n of a part of the tracking situation
infigure 12; afd®F 22 #I"kudlfat es the sensor and ET coordinate
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PCT/ SE98/ 00344 7 For two vectors u = (u[err], u[err], u[err]) and v =
(v[err], v[err], v[err]) in [err] the scalar,
In fig. 14 the used coordinate systems are illustrated. The ET
system 1s a global coordinate system where the system tracks
are defined and strobe tracks from different sensors are
10 compared and strobe track crosses are computed. Strobes and
strobe tracks has a simple canonical representation in the

appropriate sensor coordinate system.

The ET system is normally used with Cartesian coordinates.

15 Each sensor is associated with a sensor coordinate system
(SS), where the foot point of the sensor is positioned at the
origin of the SS. The position of the foot point in the ET
system is represented by a vector F. The strobe tracks in the
SS has a natural expression in polar coordinates. Such a polar

20 point has the following representation in the Cartesian
system:

(r.6, (p) - (r sin(6) cos(p), 7 cos(6) cos(p),” sin(go)) )

25 6 represents the azimuth and ranges from 0 to 2m, ¢

represents the elevation angle and ranges from -m/2 to =®/2,
where 0 corresponds to the horizontal plane, and finally r
represents the range (from 0 to infinity). The linear
transformation from ET to SS is given by
30
TX=AX+F, (1)
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l.€. a rOtﬂﬂ'PﬂgA‘@!uéhé ﬁé%ﬂsgﬁébgnog'the process of target track
10 initiation according to the present invention are illustrated.
The four main steps comprise creating strobe tracks 11,
calculating strobe track crosses 12, selecting strobe track
crosses 13 as probable targets, and finally creaﬁing a target
track 14. The initiation process therefore starts with a bunch
15 of individual strobe measurements and ends with the creation

of a target track.

A strobe is defined as an individual measurement from a single
sensor and comprises basically the angle to a signal source

20 and is characterised by certain measurement time. If the
sensor is of a 1D type, only the azimuth angle is available,
while in the case of a 2D sensor, both the azimuth angle and
the elevation angle are measured.

25 A strobe track is a filtered set of strobes, which belong to
the same target. A strobe track is associated with a strobe
track state, which comprises estimates of angle, angular
velocity and other relevant parameters of the target as well
as their covariance's, based on the individual strobes

30 associated with the same target. From the strobe track state,
predictions to a near future is also possible to perform,
assuming a certain dynamical model.

The initial step of creating strobe tracks 11 is shown in

35 detail in fig. 3, and follows basically the same pattern as
the full tracking process using active sensors. The strobe
track creation step 11 thus involves strobe track initiation
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as theipr cgyard éScrgéﬁfﬂgogréésséné&xéguakaéyQBESeQQhaéiaghat gdnwhi-h
the sane target. Fromthe strobe track state, predictions to a~near future
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initial stepfscsepiblgost hehsukemekeslirba heWBehBo32 det aekthAnfig. 3,
and foll ows ba5|callé t he sane. attegn aﬁ t he full trackhngﬁgnocess usi ng
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track ini tdeteotion's of a tentative target are made. The single

15 measurements, i.e. the individual strobes, give certain values

of the azimuth angle & and in applicable cases also of the
elevation angle ¢ . Such measurements or observations are
collected and when a set of measurements are consistent with
each other, regarding estimated azimuth angles, azimuth angle
20 velocities, and if applicable also elevation angle and
elevation angle wvelocity, a strobe track is created.

When a strobe track is created, a strobe track state is
defined. The strobe track state comprises estimates of angle,

25 angular velocity and other parameters which are connected to
the target, as well as their covariance's. New incoming
strobes are compared to the strobe track state and if the
incoming strobe is consistent with the predicted parameters of
the strobe track propagated to that particular measurement

30 time, the incoming strobe is associated with the strobe track.
The association process follows the methods known in the art.
The incoming strobe is then used for updating the strobe
tracks and for predicting the strobe track state for future
measurement times. Such updating and predicting is preferably

35 performed by filtering, which provides angle, angular velocity
as well as associated covariance’'s.
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tracks 23 wodsgss2dbe track del etion 24. The strobe tracki ngP%'F’%fﬁg@:*’ﬂi ffers
fromtracking processes for active sensors in 5 that only estinmtes of
angul ar paraneters are available, and not full position information.
However, angles, angular velocities and,19f applicable, angular

accel erations are estimated within the strobe track state. 10 The strobe
tracking pr |.ace. for .each singl r..J.nd dent_ of, the

ot her seng‘ 0 %s%%hééﬁ%%l}g %?%fceergaéalﬁ gﬁyss tr\/1\5?tlﬁexztéecgijfeh?itelrlse osfetpler%rj'é% tr}cr%arr%)ﬁt s from
t he sensomaiftey@ncs risiApynialesylHsteming f appthiicibla saries taf n

el evatl oNgs ARG UE Ssode LEUA (RO AT IRl a e, Sidihfade
measurenents, 1.e. the individual strobes, give certain values of the

azi mut b argiladsergf]l @ndndngap vl eacadpesepgl s® ahdt Be nelyevms i on angl e
[err]. Such _neasurepents or observations are coll ected and when_a set of
measur enefes AE Ehsi Bt e e M EH MBI dtiHerl 0GRy RIS G5t | TR Frut h
angl eis, azygtidn ajlrgltﬂlfosemmej tqum,xbﬂrmhﬂ ffkﬂpmwjﬁ@lﬂs:ﬂ \}:\%glt&mti on angl e
and el evatipn angle velocity.. a strobe track is.create en a strobe
frack s aRmrires & ey E e S S RN ka TRl B .
conpri ses agst iqataasi aofcarng | s twiermrnd las weld artguland wlheri tpeesretiars

whi ch,are t [ theli vari,ance. W

[ ncom’lgg § S}c])’g%g ag?é& rgco%rrlyr)%% fg&%ah%&s%’\féoﬂbeéfer a%?gsl%e;t% ela‘%!r%g' f[?[ltts%ei\lfnpom ng
strobe i s SEARAISIEERACH A et iirtead] cteanyRiFEianal sneffhqdfe off mvbialta briag
propagat eg 0 dhate Ry td Ladied é?@%lﬂﬁ%bl@. ti_r{mchité”'%:alj‘,c%ﬂé‘gse%é%e I'S
associated with the strobe track. The associ ation process*follows the

met hods kiGWh 947§ He Sf tE0 TRV TRl HPR] r'oRFKS then used for updating the

strobe tracks and for predicting the strobe track state for future
15 As an example, the following model may be used to filter

azimuth or elevation in a strobe track. The state vector and

P, P,

g
its covariance is described as (.) and [ ”), respectively.
g Py Py

The dynamics is simple and at propagation, process noise is

added according to 6= whitenoise. In discrete time for a 1D scan
20 it is represented as

Ot +1) = 6(t:) +wi(t)
O(ti+1) = (Li+1— 1))+ O(1) + wa(ti)

25 where wi(t) and we(ti) are noise corresponding to the azimuth
angle and angular velocity, respectively, that model the
uncertainty of the constant angular velocity motion". The
covariance matrix of the noise can for example be given by
(see "Estimation and Tracking: Principles, Techniques, and

30 Software" by Bar-Shalom and Li, Artech House, USA, 1993, page
263) :

(%(Zi+"'[,-)3 %(L’H—-ﬁ)ZJ 2
%(ti+l—ti)2 (tier—1) o
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PCT/ SE98/ 00344 10 - A particularly preferable way to performthe strobe track
mai ntenance is by Kalman filtering, in i.ch a series of estimtes of
strobe tracks paraneters are created. Estimated 5 values of [err] and
[err] as well as [err], [err], [err] and [err] may be cal cul ated, al
referring he l.ocal spherical caoordin system of the. sensor. .The

kel man 111 VEPFRGPAl 88 RaP /e ROt B 5 oot B THE VAT sk ¢ he

di f f erent eedeébntEseafillltevanpdate' $sbetweéghanfbewaanduanggl &hev&adoidni es,
thus 10 gi yi n E gl nt e gt e_tt a r

track s i L rSF ofOBREL: Bt M ARHKE rhe b T LS ARGy BTSN A B2 s
are appl i catsrwple noehnededyedonrs sensor may give rise to several strobe
tracks. 15 As an exanple, the.follow ng nodel may be used to filter azimuth
or elevation in a strobe track. The state vector and its covariance is
descri bed as [ef{#)=8apeftdrr] , respectively The dynanics is sinple and
at propagation, process noise is added according to [err] = whitenoise. In
discrete tine for a 1D scan 20 it is represented as [err] [err] 25 where
[err] and fkeer¢ afte nei tdecokmespenditngite ttheawmtiwheie ae@)eiandhangul ar
velocity, respectively, that nodel the uncertainty_of the constant angul ar
vel oci ¥y rmeasnremgne dostribntéonawitk vhriheceoitde Thasf gnasxatyl eabe

given by (5&£€,n I pat | a cking. LA s, Techni ques, and 30
Sof t war e" %5 %%§§%$§§o§?gﬁdg§P;5%rFgggaﬁgﬁgggt%gi; 1993, page

The above description fully defines the Kalman filter, as is
obvious to anyone skilled in the art.

15
To formalise, for a sensor that yields 2D-strobes (GJﬂ
(azimuth and elevation) as measurements, a 2D-strobe track is
an estimator that always yield an estimate of the following
guantities at any time:

20

[6) [ ga-)

6’ Py, Py

((0) (1‘ ! wé)
) o0 99

25 For a sensor that yields 1D-strobes () (azimuth) as
measurements, a 1lD-strobe track is an estimator that always
yield an estimate of the following quantities at any time:

@ G
9 ' '%o R%

30
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where [err] is a paraneter related to the uncertainty of the nodel. The
filter upd®OP8I38524traight forward using the Kal nman filter fBrHEEBOR4The
measurenent of the azinuth angle can for 5 exanple be nodelléd as [err]
where [err] is the measure at tinme [err]_and where [err] is the 10
measurenment distribution with variance [%?r]. This quantity can be obtai ned
f r om sensdihe preng eteserised ThreoceRy cotestrolpe | tnadll ¢yeateiomesst he Kal man

filter, a}éﬁ&%@%f%@ﬁ@ﬁﬁ@%@ai&ﬁ{%; dimgé J@ef%ﬁ%ﬁ%}or a

sensor that yields 2D str err zlnu el evation
measur enefts Ok L LeFeRe FYRR% imEMEIIfERERnt Rean| Hiyes yi @rel skrobe

estimate afrddie dxddOVbMIESHABHEN | B BFi AW tddB5020i 4 85ddrdde®D For a
sensor .t hat_yi el di 1D%ér obes (é rr]) (azi rrutt%qas, measurenents, a

1D st r dbe Hen 5t TRToCY SERRRS et iy eSHTIRE SRR Tom
fol | owi ng djiffigrdntessatseny hayrtiaderd]fSérent WD @B B3fdpdates or offset
PCT/SE98/Q%%%% 12 The above descri bed process of strobe track creation is

If no new strobes are associated with an existing strobe

10 track, the uncertainty of the predictions deteriorate with
time, and the strobe track will eventually be deleted. This
may happen when a target leaves the wmeasurement range of a
sensor, disappears in any other way, or if the strobes are
used in any other way, as described later. The strobe track

15 deletion follows common procedures, and is known per se.

If there are N sensors, we denote the different sensors as D1,

D2, ... , DN. If each sensor gives rise to ml, m2, ... , mN
strobe tracks, these strobe tracks are denoted STi1, ST12,
.20 , STlml, and ST21, ST22, ... , ST2m2 and so on.

When a strobe track is formed, at least fairly good estimates
of most of its properties are available, as well as their
development in time. Since the sensors may operate with

25 different time intervals, all strobe track have to be
synchronised in order to combine information from several
sensors. This is done by a central unit, collecting strobe
track information from the different sensors, and propagating
the estimated strobe track parameters to a common time, i.e.

30 predicting all strobe track parameters to one specified time.
This specified time is normally chosen to be equal to the last
of the strobe track updating times.

These predicted strobe track parameters constitute the
35 foundation on which the strobe track crosses are created and
on which target track initiation is based. Note that also the

covariance information is transformed in this manner. The



performed for every individual sensor. Since the sensors may be of

di fferent bﬁﬁ§ﬁ3 QﬁVlng different scan tines, the strobe trqﬁié51 SPoRAbdagn for
i 3 of

each i ndi vi sor is performed 5 |ndependent of every sensor.
That is, strobe tracks fromdifferent sensors may have different updating
rates or offset tinmes. If no new strobesjare associated with an existing

be 10 ne,
and the strie T3alen PRibLELRtarby' BeREFEREY CRRCRE BroRagstt kB b,
t ar get | easaygnemet e suf enemmat Ayigeone acsunsoe, CamEappdatg infampnactioar
way, or Ifffémffﬁdfw&ﬁuaiesg§sgegn §EMc8tEﬁéy“@¥e aile galgs@ 5@%%%glﬁge

strobe track 15 deletion_follows conmon Eroce ures, nown per
there are MiseHsdtistigalenoieet hEtdiffa §ﬁt°§8h§éﬁstH§tD}HfDEmathn DN

| f eaclh sefisfit Gy létsﬁeiécﬂty,nﬁhlch is ﬁﬂtshﬁaﬁiabiécf§omtEﬁ%@v%ﬁhﬁ@e
tracks are denoted ST11 Tl , and ST21, ST22

ST2n2 and SFAES MER %fsP?B%ElFrEEE FgefSPﬁéHWlaa RBalysing, Pyogsdyres -

esti mat es Icﬁstﬂ,DSi)utOfnth sleagperthQSCafraraaﬁt:bablfethas swbbegs_];]chhﬁl r
developnent | me e_the sensor erate_with_ 25 di rent tine
interval s, %ﬁ? %??E%ea¥?agﬁ hay l?oeﬁglgyﬁ%ﬁgo%ﬁgeaccﬁrSFHeFntSggonblne
infornatlmmasumﬂmmw95alasénsotsonlhistasidbmeabyuaceenanatlaaltsuch in

coIIe b'nQﬁ%régﬁétéﬁcanQBQ&g%%i?@r5§851the di fferent sensors, and

propagating the estinmated str rack paraneters to a common time, i.e. 30
predicting all strobe track paranmeters to one specified tine. This

speci fied id Neid$rd04 NBLEYsEPGBENL+ACRE Saual ahg &1l ast aholBeast kakex
track updating tines. These ﬁ redi cted strobe track paraneters constjtute
t

the 35 fo S orfSROGhRERt KLtRt FBBECFFaklk BPEsiés 5?€p8FEéV€aYan§hﬁn
whi ch t ar geicdregkntwi 6f athenai smbeRedngNet €nt bathakegpkheigvevabbatddfate

inforqg“(gbéééérénggénEg &Q ﬁyééure neL- aTB%obablllty distribution

function PDF11 and PDF21, respectively, at the end of each
strobe track. In the same figure, a number of individual
strobes associated with the strobe tracks S11{tqj), S21(tyj)
are drawn with thin lines, indicating the variation of the

20 individual measurements. The uncertainty Ull(tq4), U21l(tyi) of
each strobe is indicated superimposed with the PDF:s. In oxder
to simplify the figure, some of the notations are omitted. At
the intersection point between the strobe tracks ST1l1 and ST12
a strobe track cross X11 is formed. From this picture, the

25 ad&antage of using strobe tracks instead of individual strobes
for creating crosses is obvious. The overall uncertainty is
lower, estimates of angle velocities V11l and V12 of the strobe
tracks are available, and the PDF:s are well established from
the filtering process. Already at this point the strobe track

30 cross X11 may be given a certain velocity VX1l in the global
coordinate system.

The next step in the total process is thus to find the

locations of the different strobe track crosses and calculate
35 estimates of the position, velocity and other important

properties of strobe track crosses. A strobe track cross, as

above defined, is an intersection point or a point in the
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I nformation constituted by the strobe tracks propagated to nnDn tinme is
normal |y n¥¥Q9%¥8r ate conpared to information from indi vi d%&lﬂrs&ﬁ’%ﬂ%‘%
since they are filtered for averaging out statistical noise. It is also
obvi ous that information 5 about angul ar ,yel ocity, which is not avail able
fromindividual strobes, is_of benefit for the follow ng analysing

procedur esViERBitYhRE RbPSELESPOSERAOREJaFFEARE bFacke. swhaslR maAxCk

paraneter8c@f2e§poﬂ@etbntﬁétmaatl@gobaﬁlécgbéaexOhntha FRasuUEgrBRES, 1@Nd
not only statlstlcaIOP&gertalntles suc n 10 the case of individual

strobes. | RFFGURES4 E¥PoBBREPLREKST ?1§t5ﬁ898?§icﬁr§r§ﬁ5ﬁﬁ §an; RRLK
lines, assochsied vfthnsensersebtiandoba pespesbhveeyr the tneemuai nty of

B e e

respecti vesgnsar. t hé EhdrefaeacmOSErsbesbrackthEHetheii&nexﬁsguserohenunber

o Vi dulcpt £0DESeaSBRLLBLAY YL BetDBesLERRR L BEKSLRLILH ei T bago

S21(t[err]) are drawn wt I nes variation of t
i ndi vi dual ﬁeh@ﬁ?éﬁ@ﬁt$0n$h@ruméélmﬁmnﬂysEEEG@FebﬁPyEGQZEQFFérSFFObﬁ each

strobe is tpdigated myperi MREsEdawtt BftaesE’PEbé t+BcRl €8bsk0aehBRELf ¥nkhe
figure, sone of the notations are omtted. the i.ntersectign pojnt

betmeeH)th%u@??ﬁb%ft?SERQeS?{Ecﬁﬁdté?EZaﬁes%Fﬁﬁévﬁﬁaéﬁ €F8§§1¥$1tp§ f or med.

Fromthis gtedtbeerrabe aﬁoasyamtageaoétﬁ&bagtsaenbErbEQCEarmaatagdtwb
I ndi vi dual étrobeg ;o? crea LOSSES .1 S 8bv og{ bT Erall uncertainty
5 gbgf L

iRt S e e e Ly SEFB8 1 Packs

is | ower, 25t Phat
are avallabte¢bandrahb PDBss aoemaélbyeShabélsbedbéronaths fisl lenbhgd a

process. A$£338¥dé£ %Eféb@ Qéfkhg E50b5n5r§8koﬁo ﬁrgﬁ%ﬁﬁéthQXkbErgbgen a

certain velocity VX1 oba coordl nate system e next step In
total'H%oc@%% b fgg@e@ofrpmdagh@ost one strobe track from each sensor.

Some of these strobe track crosses represent true targets, but
most of them - the ghosts - are just coincidences and do not
correspond to any true target. One important object of the
present invention is to provide a reliable way to eliminate

20 these ghosts.

A possible way for finding the strobe track crosses is to use
a pure combinatory approach and calculate all geometrical
possibilities. This will for a number of targets and a number

25 of sensors easily give a huge number of possible combinations,
in fact, the problem is NP-hard, which means that the
computational complexity grows faster than a polynomial
function of the number of targets. A preferred approach
according to the invention is instead to use a recursive

30 scheme for calculating the strobe track crosses and their
quality. With reference to fig. 5, illustrating a case where
three sensors are used, the recursive scheme starts with the
calculations of the hypothetical 2nd order strobe track
crosses. These calculations make use of the strobe track

35 states from each sensor propagated to a common time,
represented by data from sensor 1, sensor 2 and sensor 3,
respectively. The 2nd order strobe track crosses are



| ocati ons of the-different strobe track crosses and cal cul ate 35 estimates

of the posdvbiggg 51,yel ocity and ot her inportant properties of petgpismobssack
crosses. A strobe track cross, as above defined, is an intersection point
or a point in the WO 98/ 38521

PCT/ SE98/ 00344 14 vicinity of closely pogitioned strobe tracks, which nay

correspond_to th st praobabl e positiqn of true tar . 1f_there are
only two §3ﬁi§8ﬁ§%eﬁiér’sﬁ I8 S sc‘?%’g’see‘g R Owdnljytt c%‘%ﬁ’s‘fa%%e an

i nt er Sect iacladiagesiddarsengrt irdye protadunes, drsl sstoerdait iveerhée whasa r obe
tracks, o tr e I , ere
St exi Stk P P, R SR o I S G SRR RS ol
al so be i steobecttinask @rodsemMaARdi steaRss: healjeenin Hike rextpbetep acklke or

more. ghe ;oiedeima®l b YdiMrdd A% %ﬂ@%eﬁgﬂﬁ&&siéahf 2 oker  of rebé obe

! r
tracks that are involved in creating th trobe track cross, i.e. a strobe

track cro$¥ac FEPIHLT e H5ashdar ddie Gl Gektian LD lrpEeet 5¢2bberdr ack
Cross, a ghigehie durfe amss fardmibdy Ty Lensdnidbendt agks astdeppted a 3rd

order strobe track cross, and so on. A strobe track crocfs 15 can be forned
fromat nSSPSHh & Ak T deH &h AcHTFhso® Ao 979 t R se2 5 HbBES t rack .
Crosses r eppestrit ildale 3wl geider Birsmsttck herwssdde Tiesé Sparanet¢ost

coi nci,dences nQt rrespand to tr r get ' rtant | ect
of thégpr §een%%%rfvéﬁntl%on&a%sa flolsg% oc{/"“lt etalnaébreelél'g%%}g %@Sﬁgg}%‘%at@fbﬁ? ese
ghost s. Awgossithlevivas fagl dulmtiinns rstusht to akducostlas necensase a

pur e COMDIRAAISL ADTRARY 31l AL AL 8l SOONBL £ 00581 DiEbbées. This

will for targets and a nu 25 of sensors easily give a huge
number of HFEEN BMIXCSES i nations, in fact, the problemis NP-hard, which
means that the

15 The generalisation to calculation of higher order strobe track

crosses 1is obvious for someone skilled in the art.

A strobe track in the two-dimensional plane may be visualised
as a central line representing the estimated azimuth angle,

20 and tails on each side of the central line, representing the
decreasing probability density function wvalues.

A 1D strobe track in the three-dimensional space, may be
visualised as a central vertical plane with descending

25 probability tails on each side. The upper and lower boundaries
of the plane is only set by external considerations, such as
e.g. minimum and maximum possible flight heights. The
mathematical representation of a strobe track using set of
variables (3) above is as follows: An orthonormal set of

30 cylinder coordinates (ep,ee,e,‘) defined as follows in the sensor
system (S88)

e, = (sin(8), cos(6),0),

e, = (cos(8),- sin(6),0), (4)

35 e, = (0,0,1).

1
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cal cul ated in aypmpner .deserd bed pel oy S b applicable incl ud'Lglp a coarse
gating procedure, "and sfored”in the data [ist of strobe track crosses 1&2,
strobesStrack crosses 1&3 and strobe track crosses 2&3, respectively. In the
next step,wﬁehre 5Fi{18f ormatéon atgered f{)rgtt hJ(_a hypat het i caclJ 2nd -ord e st robe
track crosses Js usedtl%%r THE T &t T RYBAC of h?/po'f 2t T HYBF & srt“? obe
track crossmsoflEwsttaransSshain tthiee dET asywftem. cTlos sl -1@dnemst ol dat a of
2-cross 1 L ised4d o I _fhagi : 0. r

Crosses. égggbaranﬁ%é?ga%%yéggagg%Pgé In d%éé&%?%%H%§¥§$%%b%€t%é§§¥nt
crosses 18%&3702 Bn&hi-8pPBYenPEEVLEOUS ﬁébEHE%théaééEiHﬁeéi%ErEBQHESnt e
necessary _?oc ssing power for performng the calculation of strobe track
crossqg. 1n3The generalisation to cal culation of higher order strobe track
crosses i s obvious for soneone skilled in the art. A strobe track in the

t wo- di nensi onal plane may be visualised as a central line representing the
estimated azi nmu T achl e, 20 d tails on each side of the central |ine,
representing thé\% 0+ehhn+F,a}E)/ (6)

where the covariance and its inverse is

15
P=d§l";8e9®ea, (7a)
P'=P e, Qe,d;’ (7b)
and the linearised distribution function is
20
1
x) = —=———exp|- (x-FYP ' (x-F)/2) . (8)
f(x) T p(-(x-F) P (x-F)/2)

A 2D-strobe track in three-dimensional space may be seen as a
central line specified by the estimated azimuth angle and the
25 estimated elevation angle, which line is surrounded by a cone
of the descending probability density function. The
mathematical representation of a 2D-strobe track using
definition (1) above is as follows: An orthonormal set of

polar coordinates (@,emep) defined as follows in the sensor

30 system (SS)

e, = (si n(6) cos((p), cos(6) COS{¢) , 8 n((o)),



e

decr easi ng probablllty density function values. A 1D strobe track in the
t hree-di ne s;space, may be visualised as a central vertpemdEsplossae Wit h
descendi ng pro ability tails on each side. The upper and |ower
boundaries of the plane is only set by external considerations, such as

e.g. mni num and maxi num possi bl e flight Trei ghts. The mat hemati cal
representation of a , strobe track u3|ng t of xariables (3) above is as
follows: An ort H@n%r(ﬁm( 6k eesl of - gon(G(},yzps né@gr,di nat es (9)
(e[err],e[err],e[err]) defined as follows in the sensor system (SS) [err]
[err] 35 e H}sxn(@)@(&?}ﬁ%&)&m( )cos(¢)) .

PCT/ SE98/ 00344 1 w the strobe track can parametrised as follows [err] 5
where F is the sensor foot point, i.e. the origo point of the sensor system

(SS) in thgolT cast@PobEN® rhcl @%‘i‘lsip%h[ RandlSldddidd anofodde otrobe track

can be linearised at a point (d[err err]) and represented as a
degener%te Gaussi an dlstrlbutlon in 10 [err] [err] where the covariance and -
its inverse is Yo {eprl lerrg-and the linearised distributionfginction is
20 [err] ’ ’ ‘

where F is the sensor foot point. The 2-dimensional

distribution of the strobe track can be linearised at a point
10 G%) and represented as a degenerate Gaussian distribution in

R
Nle,d, + F,P), (11)
15 where the covariance and its inverse 1is
P=(Pg,, cos’(p)e,®e, +F,, e¢®e¢)d§ ] (12a)

Pl = (Pa;' cos(p) e, @e,y, + Py e, ®e¢,) d;’ (12b)

20  and the linearised distribution function is

1 ,
f(x)=mexp(—<x—F>P' (x-F)/2) . (13)

For a representation in the ET-system (fig 15), the foot point
25 F and the orthonormal system is computed in the ET-system

(c.f. the transformation relation (1)).

If at least one sensor is a 1D sensor, a true intersection
will always exist between two strobe tracks, which are not

30 parallel or diverging. If one sensor is a 1D sensor and the
other one a 2D sensor, a unique intersection point is defined,



A 2D-strobe track in three-di nensional space nmay be seen as a central |ine
specified by the estimted azinmuth angle and the 25 -estinmated el evation
“angl e, whiwb#®Bi3821i s surrounded by a cone of the descendi ng“b’f@%"ggf’:f"l“ty
density function. The mat hematical representation of a 2D strobe track
using definition (1) above is as follows: _,An orthonormal set of polar

coordinates, (e[err], e[err], e[err]).de%Fned as follows in the sensor 30
syst em ( SR rit CORYFIPPRBH A0 an intersection between a line and a

fF’ClT{ SE98{S Q&%ﬂﬂ[ gll\z%ﬂ@riﬂ# éﬂcféh . W’E@@u?ﬁéz@é@ré fataﬁé{rmﬂ%é&@é@ﬁﬂfiﬁéld as

ol 1 OWs Jerr ere | S e sensor 00 nt. e <4-dl nens| ona

di stri but ild?F%%S‘%%l%IE rEhe! theck Jc’aﬁ'fa'bearl“ﬁ r%%#’r%’e?f‘ wg%vmti@n(w@r] )
-and repr esantad Bsswnste genbsiat anlEtiSsé aaddb G ttd bauthsve nejerfg115 where the
covariance and its inverse i.s ierr‘]’ gerré 20 Q?nd the |inearised o

i stri But i FURHCET FET s FRFF 12 R CUP TR hR TSR RIS (R E99 08 &m 4% g
15), the fomisqos M1 2&nd Rd wdmking homored r sysspect sve onpotéinaret he .
ET-system{c.dand Ne 11905607 W’Péx}é)“n? leég%&?é' ks '%Tﬁmeéz?&‘sé'rfﬁ‘e SEnsor 1s

a 1D sensor’, a true intersection w] ways exi st between two strobe
tracks, wiespegtelvRly 30fparal teFtain dFeIe nh: The ol caisvilable aggle

sensor andidf®rmation is the azimuth angle, and the height restrictions
10 are set by external reasons. The strobe track cross X1l will
thus be a line.

If both sensors are 2D sensors, a true strobe track cross will
not always exist between the lines corresponding to the

15 estimated angles of the strobe tracks. Since the strobe track
state contain uncertainties and noise, it is likely that the
strobe tracks just will pass close to each other, but not
intersect each other perfectly. Such a case is sketched in
figure 7. Three strobe tracks ST1l, S8T21 and ST22 from two 2D

20 sensors D1 and D2, respectively, are shown. The three cones
represents the areas within which the probability density
functions have values larger than a certain threshold. The
strobe tracks ST11 and ST21 are not so close together that the
cones intersect, and it is likely that the associated strobe

25 track cross (X11) is not a true target. The cones representing
the strobe tracks ST1ll and ST22 do intersect and a most
probable position selected as the strobe track cross X12.

The notation of the strobe track crosses follows the below

30 scheme. The indices correspond to the respective sensor so
that the first index corresponds to sensor number one, the
second index to sensor number 2 and so on. For a system with
four sensors, there will thus be four indices. The number
denotes the number of the strobe track that is used to create

35 the strobe track cross. A "0" tells that the particular sensor
does not contribute to that specific strobe track cross. A 2nd
order strobe track cross thus has two non-zero indices, a 3xd



ot her one a 2D sensor, a unique intersection point is defined,

PCT/ SE98/ %&@Bmgh98/38521 18 since it corresponds to an i npeftsesddodsy
between a line and a half plane in space. If both sensors are 1D sensors,
the intersection will be a line, and additional information such as an
assunmed hei ght nust be added to achieve 1he full 5 par aneter set. Such a

si tuati ongi-gedi 88-8BREE ralil Qe @asﬂl@lr%%ngzﬁrﬁ— A& ARG 3%e VU b
their respectjve coordinate systens Cl and C2, have 1D strobe tracks ST11

and ST12, IPeSPEcEXEFBPYE Pér f&%‘éret dirnn % @anE that ey shraheaii@hngl e

i nformati @aoss &becaéamahb@ﬂgh@, fanet ke deopjed Hrac@s il ifym Herd@r set by
ext er nal méons ﬁ&Str be track cross X111 will thus be aline. If both

sensors aPE Brs&Rso thE SEFORE SEEOPS FECRTI2 N =T REFE B st

bet weeh t hambemreswoobresponding to the 15 estinated angl es of the strobe
tracks. Since the strobe track state contain uncertainties and noise, it is
likely that the strobe tracks just will pass close to each other, but not
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respective are shown ‘t hi'ee cones 1 esent as W t h| n which
the pr obaBnrﬁt:yadéﬁﬁ:taywﬁJ#@ﬁwm e B @é@qb@r gj‘é?aq]%aﬁ-sa cErquiared

t hr esjpl dfoIhge%&szb@ntgr ac Ifi&tlga%&dlgST%ear@:ﬂt@rﬁao EHroxe tagedherncidmt
the cones intersect, and it is Ilk%%tha the assom ated str e 25 track
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described below.

15
The computation of the statistical distance between two 2D-
strobe tracks is as follows. The strobe tracks are given by
two half lines with the following representation (c.f.
relation (10)):

20

E(d)=e, d+F, d>0, i=12. (14)

The shortest geometrical distance between the strobe tracks is
given by

25 d2(£|=£2)=d|i‘g£o(er.x dl’*’E—er.zdz‘Fz)z ' (15)

The d,,d, that yield the infimum above gives the point on the

strobe track that is closest to the other strobe track. Their

numerical value is the distance of that point to the sensor
30 position.

Given fixed d,,d, that yields the min distance above, the

linearised statistical distance between the strobe tracks can

be computed as



30 schenme. The indices correspond to the respective™sensor so that the
first index corresponds to sensor nunber one, the second index to sensor
nunber 2 aMP ¥B88. For a systemwith four sensors, there WPFTSENR3MSe four
i ndi ces. The nunber denotes the nunber of the strobe track that is used to
create 35 the strobe track cross. A "0",4ells that the particular sensor
does not contribute to that specific strobe track cross. A 2nd order strobe
track cross thqit%ﬁazgyéLnon-zero i ndices, a 3rd WO 98/38&&%

PCT/ SE98/ 00344 B 6?degﬁ%trobe track cross has three non-zerbo 1ndi ces and
so on. In the exanple of figure 7, X12 neans that the strobe track cross is
created byhe®e first strobe track ST11 from sensor nunber one D1 and the
second strobe track ST22 from sensor 5 nunber two D2. In order to

cal cul ate 2nd order strobe track crosses fromthe strobe track states, the
foll ow ng %Fﬂﬁ%ddﬁé*%Srpreferred. First a distance between the two strobe
tracks is calculated 10 for performng a, first gating: The criteria can be
of anyS5ki n8 of{ Fgi, s«te(;ir'lce@,)rng:!asx‘I,‘[,r_,e,(ebute‘,_,dr2 e) dﬁ'abl(ij’ggg hig, steaf ) st iRzl Cﬁostea_mb’eSida“
a Cartesiqugéog%l coordinate systemis used. This preferred di stance
measur e, bé&tweén two” 2D-strobe tracks, is described below. 15 The
conputation of the statistical distance between two 2D strobe tracks is as
fol |l ows. E}}e strobeltr%fks are L%i ven (g%lstm hal f_lines with the follow ng

r epr esent TOFFEYL 2T R5¥nt {HHIL 53199 Ve S hiot tSTPYeshet? i2al

di stance hetedrsrerddimesd ridheedhgicksrdlie, and if the calculated distance

10 wvalue exceeds the threshold, the pair of strobe tracks is very

unlikely as a candidate for a strobe track cross and is

rejected. The predetermined value could be a fixed value, a

value chosen by the operator, a value depending on the

uncertainties of the strobe track states or a combination
15 thereof.

If the pair of strobe tracks pass this first gating process, a
closest point on respective strobe track, which corresponds to
the calculated minimum distance, is chosen. From these point

20 positions, a point-to-sensor distance between each closest
point and each respective sensor is calculated. These point-
to-sensor distances, 4, and d,, respectively, are compared to
the expected range of each respective sensor, and if at least
one of these point-to-sensor distances exceeds the range of

25 the respective sensor, the pair of strobe tracks is assumed to

be associated with a ghost cross and is subsequently rejected.

The remaining pairs of strobe tracks, which have passed the
two coarse gating processes described above, will give rise to

30 a 2nd order strobe track cross. The strobe track cross
position and the associated uncertainty is calculated. This
calculation uses the information which is available from the
strobe track states. Since not only the estimated angles are
available, but also estimated angular velocities and

35 covariance's associated with these parameters, the calculated



gi ven by 25 [err] The d[err],d[err] that yield the infinumabove

gi ves thevp&bgg p the strobe track that is closest to the prmERIss0¥dbe
track. Thelr nurrerl cal value is the distance of that point to the sensor 30
position. Gven fixed d[err],d[err] that yields the mn distance above, the
i neari sed statistical distance between the strobe tracks can be conputed
2; tElst ?%ﬁéf%xack cross position does not nece? %§1€¥?%§$?§é$?§44 20
[err] [er utpeTrg@%t@mceaJedn@rat\raﬁma:a?f dibg amkesest roirts orpatleel twoa
predet er mgped gt UdldIGa @t dd ddifs Ll £ WM 65 &ﬁﬂ‘f@}&]@ené’ﬂ#‘e
exceeds the threshold, the pair of strobe tracks is. very unlikely as

candi dat e IPBCEL AT Ge Mok IR ITDERRAFRECT okt iAW etRE PRI ndd val ue

coul d pe arbinsFbruedtlicon aiyahdte: ghasetly tdepapervd orocaﬁl v@dnieodependi ng
on the uncert .nties of the strobe track states, or. a jnation 15

t her eof . NG B EPHPTUWKY P SRIFELF3T s"fo 13RE ST ockls?
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cal cul ated m ni num di stance, is chosen. Fromthese point 20 positions, a
poi nt-to-sensor di stance between each cl osest point and each respective
sensor i s To® aiedfienkedwae poipariqon sdetr chbtwkabong[are Jaand dlerr],
respeggi V%Ioi,lo@e@ GAMRRT &tk LA 1S S PELR BB AR & Th AL he S £SPSCLE ¥EpEENSOT

and if at | east
tracks (c.f. relations (12a) and (12b)):

P = (Pge_‘. cos’(;) e, ®eq, + P, €,, B, )d , (17a)
P = (Pl cos™(p) ¢, ®e,, + Pl ¢, ®e,, ) d (17b)
15
and for 1D-strobe tracks (c.f. relations (7a) and (7b)):
P o= Py, ey By, df (18a)
P =Py e, ®e, d? |, (18b)
20
for the two strobe tracks i=1,2. The estimated strobe track
cross position and its covariance is given by
X=(F'+P")Y(B'F+P'F) ,
25 P=(P+P")'. (19)
When computing the estimated position X and its covariance P,
the entries must be represented in the same coordinate system,
preferably the ET system.
30

If both strobe tracks are 1D, then we need to add a fictions
observation at a default height and an uncertainty that covers
all altitudes of interest. This is achieved by



one of these point-to-sensor distances exceeds the range of 25 the
respective sensor, the pair of strobe tracks is assuned to be associ ated
with a gho¥O8¥352l and i s subsequently rejected. The remai niffd’E3FPE4Ht
strobe tracks, which have passed the two coarse gating processes descri bed
above, will give rise to 30 a 2nd order %?robe track cross. The strobe
track cross position and the associ ated uhtertainty is calculated. This
cal cul ati on usesY @, HRT ek p1(BHI Xh+i7" Avaid ap))e fromthe strobe track
states. Since not only the estimated angles are avail abl e, but al so

esti mat ed anguld?z(é[geUf?e§fﬁﬁH.35 covari ance's associ at ed (@d)h these
paraneters, the cal cul ated WO 98/ 38521

PCT/ SE98/ 00344 21 strobe track cross position does not necessarily have to
be the geowkektiecal nean val ue of the closest points on the two strobe
tracks.. One may al so consider the probability density functions as well as
ot her aspects. In this calculation, a 5 transfornmation is made fromthe
respective | ocalP, seRga, ®epy di nate systens, normally in spherical
coordinates, to a global coordinate system wusually in Cartesian
coordinates. The preferred way to performthese calculations are as 10

fol lows. Wethishg antetieacbropbaheyagWechere Eehr2b- strehe bhaeksatCthe
relations (12a) and (12b)): [err] [err] |5 and for 1D strobe tracks (c.f.

rel ations EPRYoxitatEh)LRTdesr PPsision, 2@ndor s his t Wee sa rpbkort dekbght1ad
The esgénagﬁd str%g% track _. . .
"R 18 a priori height covariance.

From the above described calculations, the covariance matrix
between the different parameters as well as the probability
density function of all parameters are acquired. J

15
The next step in the recursive method of calculating strobe
track crosses, uses the 2nd order strobe track crosses to
calculate higher order strobe track crosses. Strobe track
crosses of order n is thus calculated by using the information

20 associated with strobe track crosses of order n-1, where n>2.

First, combinations of strobe track crosses of order n-1 are
selected to cover all possible combinations of possible strobe
track crosses of order n. These pairs of (n-1)th order strobe

25 track crosses are based on n-2 common original strobe tracks
and the total number of used strobe tracks are therefore n. A
distance between two strobe track crosses of order n-1 is
calculated for performing a gating. The gating criteria can be
use any kind of distance measure, but preferably the

30 statistical distance in a Cartesian global coordinate system
is used. This preferred distance measure is as follows. If the

two 2-crosses are represented by LYHE) and (k@,&), then the

distance is the standard statistical distance:



cross position and its covariance is given by [err] 25 [err] Wen
conputing M}% B§§zi1 mat ed position X and its covariance P, thpceRkégi@ssqamust
be represe ea I'n"the sane coordi nate system preferably the ET system 30
| f both strobe tracks are 1D, then we need to add a fictions observation at
a default height and an uncertainty that2govers all altitudes of interest.
This is achi eved—by WO 98/ 38521
PCT/ SE98/ 00344 éi)dlax )ge;wﬁzgw(queﬁzl err] eRis a unit vector pgpating to
the centre of the eart t the approxi‘mte target position, and Xerr] is
the a priori height and 10 P[err] is the a priori height covariance. From

t he above rd cul at j : : L.an | en

it or ent ity (L Had| SEEErLbREL SR KL BTG TEhALEelaLAET CeblBver,

par anet er sE@r @ arep @ dgatinghereesss stepis noparatbodr shvdshachodioly -

cal cul gting strobe track crosses, uses the 2nd order strobe track crosses
to cal cul ate higher_order strobe track crosses. Strobe track crosses of
order n i STRGEEEEHERTRE ALIBYMER| AYS ERRCE NYBL AL £BNCOUPRESECE]t 8d Wit h

strobe trapleddsshRingd Ohdesnoid, vahes e axd. iFi £8é, cababiAabionsnefust r obe
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crosses of order n-1 is very unlikely as a candidate for a

10 strobe track cross of order n and is thus rejected. The
predetermined value could be a fixed value, a value chosen by
the operator, a value depending on the uncertainties of the
strobe track states or a combination thereof.

15 The remaining pairs of strobe track crosses of order n-1,
which have passed the coarse gating processes described above,
will give rise to a nth order strobe track cross. The strobe
track cross position and the associated uncertainty is
calculated. This calculation uses the information which is

20 available from the strobe track crosses of order (n-1). These
calculations may be performed directly from the original
strobe track states, but since many of the desired
calculations already are performed during the calculation of
the strobe track crosses of order n-1, many results may be

25 used directly. Since not only the estimated angles of the
strobe track states are available, but also estimated angular
velocities and covariance's associated with these parameters,
the calculated strobe track cross position does not
necessarily have to be the geometrical mean value of the

30 closest points on the two strobe tracks. One may also consider
the probability density functions as well as other aspects.

The preferred way to perform these calculations are as
follows. We have for 2D-strobe tracks (c.f. (12b)):
35



track crosses of order n. These pairs of (h-1)th order strobe 25 track

. crosses are based on n-2 common original strobe tracks and the total nunbe
of used st WbB8/A8B2kcks are therefore n. A di stance between tW@F?%@é““track
crosses of order n-1 is calculated for performng a gating. The gating
criteria can be use any kind of distance asure, but preferably the 30
statistical distance in a Cartesian globﬁ coordi nate systemis used. This

preferred dista as ol | I —tmo 2- Cross re
represented by X[ efP ff"‘%%l” (>€"éfr‘]’ %f@ggj "t hen theia%zgt ance is

t he standard statlstlcal dlstance WD 98/ 38521

PCT/SE98/00344 23 %Srr% Note that the two distributions are not

i ndependerf294 Hote BPPg tFATER HatFng{Prbtess it is operating
satisfactorily. 5 The cal cul ated m ni num di stance value is conpared to a
predeterm ned threshold value, and if the cal cul ated m ni rum di stance val ue
exceeds. t he thré@h@?ﬂ@ kﬁ@@qg) ¢ of, strobe track crosses of otzer n-1is
very unlikely as a candidate for a 10 strobe track cross of order n and is
thus rejected. The predeterm ned value could be a fixed value, a val ue
chosen by ghe operatof rofe VALMESEPLIdi 19 oMyt hp uncerd abdt{Rsc & the

strobe track states or a combination thereof. 15 The remmining pairs of
strobe tr RASEF PR RNGF1BF JePVRTIANGH| £ FaVel pAésed the coarse gating
processes descri bed above, will give rise to a nth order strobe track
cross. The strobe track Cr oss position and the associated uncertainty is
cal cul ated. This, calzul, figg use§ the information which is 20 avail able
from tife strobeXtT i & ofi jorder (n-1). These cal cul ati ons may be
performed directly ftonith&'original

If all strobe tracks are 1D, then it is required to add a

X

-1 .
P,f') : (24).
H

fictions observation at a default height and an uncertainty
15 that covers all altitudes of interest as described above. The
result is then

X

n -1 n
(e 2] (23 rE)

i=l

n -1
P=( ,,"+ZP;") , (25)

20
with the same F, and X, as above. From the above described
calculations, the covariance matrix between the different
parameters, as well as the probability density function of all
parameters are acquired for the strobe track crosses of order
25 n.

The next step in the initiation procedure is the step of
selecting one strobe track cross as a tentative target 13
(Eigure 2). According to the present invention there should be

30 a process in which the most probable strobe track cross is



strobe track states, but since many of the desired cal cul ations already are

perfornnd‘géghg 2E)he calculation of the strobe track crossepcpkpsigdsds N- 1,
many resul @5 e 25 used directly. Since not only the estimted angles

of the strobe track states are available, but also estimted angul ar
velocities and covari ance's associ ated wpkh these paraneters, the
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covariance 1S Qi Vven strobe tracks are 1D, then it
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par amghers; arg, 469ul fef; fQLetBea§tLPBE 1530k, GERPEHTyOLn8 €8k st strobe

track cross in the list, i.e. the strobe track cross with the
highest XQ wvalue is selected. Once a strobe track has been
used to create a target track, the strobe track is unlikely to
participate in any target. It is therefore very likely that

15 the strobe tracks contributing to the selected strobe- track
cross only participate in ghost crosses beside the selected
strobe track cross. Strobe track crosses that have
contributions from at least one of the strobe tracks, which
contribute to the selected strobe track cross, are therefore

20 assumed to be ghosts and are subsequently eliminated from the
list in step 34. If there is only one target present, the
elimination step 34 will empty the list of strobe track
crosses. However, if there are more targets to be identified,
some strobe track crosses remain. Step 35 will examine if

25 there are any strobe track crosses left in the list, and in
such a case the process returns to step 33 again to select
another strobe track cross for another probable target. If the
list is empty, the process continues to step 36 which is a
target track initiating step. This step will be discussed more

30 in detail below.

The calculation should preferably consider the consistency of
the parameters of the strobe track cross, especially if
compared with other strobe track crosses using the same strobe
35 tracks. The cross quality could also consider the order of the
strobe track cross, since a higher order strobe track cross in
general is more probable to correspond to a true target than a



25 n. The next step in the initiation procedure is the step of selecting
one strobe track cross as a tentative target 13 (figure 2). Accordhgg to
t he presemvoigseeszii on there should be .30 a process in whi 08
probabl e strobe track cross is WO 98/ 38521
PCT/ SE98/ 00344 25 selected. In a preferred enbodi nent of the invention,
this selection is performed by defining 46so called cross quality (XQ
val ue and Iowennl sttet estPbiSe iatatsk f@fommsé rpé)@rﬁéte@iﬁs Orﬂ@’ﬁéh Fhoule Be
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3210, 2 SindlodSLALL VAR the FEAL L Sold Nardle | pAF o gREL b1 0P
frgure58 &-Gtep 33. Preferably the first strobe track cross inthe list,
i.e. the strobe track cross with the highest XQ value is selected. Once a
strobe track has been used to create a target track, the strobe track is
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fast. The following cross quality definition is preferred.

15

Given a strobe track cross X=JX,, . of order n, formed from

strobe tracks {Sﬂh}b‘ , the quality can be computed the as :

X0(x)= 11 _X0(ST,,,). (26)

20

where

X)P(X
> A(X) POX) + p{ST, ) P(ST, , )
X'€STy ;,

25 The sum runs over all strobe track crosses that the strobe
track contributes to and f,{(X) is the distribution associated
with the strobe track, linearised and computed at the

estimated location. The density p gives the probability that a

target is seen by one sensor only, and is normally a constant.
30

The a priori probabilities P(X), P(ST) can be taken from

different sources. The information that tentative targets has



25 there are any strobe track crosses left in the list, and in such a case

t he procesa,ﬁﬁkg ns to step 33 again to sel ect another stroperiskofénzss 0SS
for another pro gble target. If the list is enpty, the process continues to

step 36 which is a target track initiating step. This step will be
di scussed nore 30 in detail below. The cgbcul ation should preferably
consi der bye consi stenc araneters o track crosF.s_rge

b
cepec ol | PIE CphrEt 94 0% ot FET Sk (T RBSO8 o BPoRtEd He) hCrra=ea
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contri butlr:}bet 3 rope t r GERSEr B5EOPE; REBCHSTO8F tRe™Qbantities for
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cross position calculations, such part results fy ?e used and the XQ val ue
cal cull§t i drP cg8e b@n&%@b@%ﬁr@?ﬁ@@?hf%ttoﬁét oD ewi ng ¥hess gudls tope

definitionjfePr&f egﬂ@dstgébg veR-a stkobe track cross X of order

n, fornmed fron1strobe tracks [err] , the quality can be conputed the as
[err]
The initiating step 36 is described in more detail with

reference to figure 9. One way to proceed is to let all the

15 selected strobe track crosses result in initiation of a new
target track. The selected strobe track crosses are, however,
associated with useful information, e.g. the cross quality
value and the order of the strobe track cross. This
information may be further used for controlling the further

20 processing of the strobe track crosses. In many cases, a
predetermined minimum XQ value may exist, under which the
strobe track cross is assumed to be too uncertain. Strobe
track crosses which exhibit XQ wvalues below this threshold
could for instance just be shown as marks at the operator

25 monitor. In some cases, the operator might want to participate
in the evaluation process of the strobe track crosses.
Operator experience could be very useful in separating true
targets from ghosts. Strobe track crosses with very high XQ
values or of a very high order may automatically be left for

30 automatic target track initiation. Lower XQ values or e.g.
only 2nd order strobe track crosses might be presented for the
operator to make an approval before initiation.

Figure 9 shows a preferred embodiment of the initiation

35 process. In step 41, it is decided if the strobe track cross
fulfils the criterion for automatic target track initiation.:
If the criterion is not fulfilled, the next step 42 is to



20 where [err] 25 The sumruns over all strobe track crosses that the
strobe track contributes to and fk(X) is the distribution asso q wth
the strobeVOBSBR¥21| i neari sed and conputed at the estlnatedlﬁggi?? 8834 The
density p gives the probability that a target is seen by one sensor only,
and is normally a constant 30 The a priori probabilities P(X), P(ST) can be
taken fromdifferent sources. The infor&&tion that tentative targets has
WO 98/ 385&dmpare the information associated with th®FtE698/ 00344 afobeen

i d
ni kel y T8 Gt ot TEeF G OBoE n PEANECERE S THEARAE L08Rt “raflcrarti e
mai n pur pesacksinbtiatrenseBohl 9fobb@$$|@ylterlstﬂobbdtLaEQerosbesXQAth

meny str Re ! [ 85ESorbef: o? §ﬂéOQ@r6E§CBr£éﬁsérB§sOrgfrbaths RBrenki kely

than a strobe track cross of order n-1 his is an ad hoc mefhod, Wwhich is
due t@ ap‘b?b&?#h‘t”ﬂoﬁ@rl A BaBugh. amowé%nbﬁefu%ﬁelkgivam@ PBPCESS[ err ]

order strehecérask @h@sspeﬁaa@ic @I@ca@@ﬁ@él oh if tﬁen§Er§BéntQ%(cﬂ g§€689r
whi ch shoul d_be_abl é to see ng e agproac isto setP Xé C%grr]
where [ert§ ?@p¥ﬂ§e€ 8F 6ft?ﬁ%egt?6%%kt BcROEr 0ESPTRETFRt P¥t PhEPstdp 36
i s describfdchea npeﬁaderaﬁénmekhappfevahcertfongueeoﬁ theecwayetrbapaveeed
Is to let 15 e esult iLn_i ation of
a nem1targei£%$ R %ﬁ% ggfgg?eérggﬁ %rggrac %3 é ésaa?g hoagégt
associOat ecenpfiifauseand iafonihwt sbowneas. attherls_r @ssthaabPEyaVQrumoamdorhe
order of {heestAgPe tEakeChRES0e TBEZckNELEEB! 0N BBYREAT B! Ber used for

controlllng t ) .
candidate for a new target track, the process continues with

the actual target track initiation, step 45, which is the same
step as step 14 in figure 2.

15
The actual creation of the tracks is described below. The
strobe tracks contributing to the selected strobe track cross
contain information about angles and angular velocities of the
strobe tracks as well as their covariance's. From this amount

20 of information a target track vector is formed, containing
e.g. a position, wvelocity and optionally acceleration of the
target. These parameters are preferably calculated in a global
tracking coordinate system (c.f. Fig. 14). Besides the target
track vector itself, the strobe tracks may contribute in

25 forming a covariance matrix to the target track vector. From
this initial target track vector and its covariance matrix, a
conventional tracking operation can be started.

A preferred way to calculate the target track vector and its
30 covariance matrix in a Cartesian coordinate system can be as

follows. To initiate a Kalman filter we need to specify the

P. P
six dimensional state vector (x,X) and its covariance (}? P

(a 6x6 matrix). The estimators for the state vector is



20 processing of the strobe track crosses. In"many cases, a‘'predeterm ned
m ni mum XQu¥akagsay exist, under which the strobe track crRSBSE®S/0884uned
to be too uncertain. Strobe track crosses which exhibit XQ val ues bel ow
this threshold could for instance just be shown as marks at the operator 25
ronitor. In some cases, the operator mghe want to participate in the

eval uation process of the strobe track crosses. Operator experience could
be very useful in Fat i g tr targets from ghosts. Strob ack crosses
wi th very high %zzﬁﬁeﬁ Sg?gf };?Very hi gh order nmay aut omat f%éﬂrl y be left
for 30 automatic target track initiation. Lower XQ values or e.g. only 2nd
order strobe track <ro s »m ght be presented for the operator to nake an
appr oval before:&i:EEinit oY Priggde 9 shows a preferred enbodizent of the
initiation 35 process. 1n step 41, it is decided if the strobe track cross
fulfils the criterion for automatic target track initiation. If the
criterionis not fulfilled, the next step 42 is-to WO 98/ 38521

PCT/ SE98/ 0844 28 conpare the information associated with the strobe track
cross §o the criterion for allowi ng for a manual approval for target track
initiation. Both of these criteria could involve the XQ val ue, the order of
t he strobe traok €dp&hcosip,)epthe, df)the 5 criterion for a mad@nl approval
is fulfilled, the process waits for the operator to decide on if the strobe
track cross is approved for a target track or not, represented by step 43.
| f the opagicyt &f AeHeSomPaVat sgif none of the criteria are fulfilled,
the strobe track cross is rejected as a target 10 candidate and is only
shown as a mark at the operator nonitor (step 44). If the strobe track
crossips accept,pd_ag g gandidate for a new target track, theipfpcess
continues with ' R

for a 1D-strobe track. The covariance is estimated as follows

15 P =P,
k=1
Po=CQ B QR AHYOQ B, (32)
. k=1 k=% k=1

P, = (ZPk—l)*l (zpk-lePk_l)(sz-l)—‘ .
k= k=1 k=1

with
20
V = (P, cos’(p) ey ®e, + Py e, ®e,)d?,
M = (P, cos’ (p)e, e, + P e, Qe,) d’
for 2D-strobe tracks and
25

VxP,e ®e,d,

M=P,e,Qe¢,d*



the actual target track initiation, step 45, which is the sane step as step
14 in figure 2. 15 The actual creation of the tracks is desgrirResk/dasdOW
The strobevq}%%?§ncontributing to the selected strobe track cross contain

i nformation about angles and angul ar velocities of the strobe tracks as
well as their covariance's. Fromthis anpynt 20 of information a target
track vector is forned, containing e.qg. osition, velocity and optionally
accel er at FOF P HEFRF feidKhedd™ % PRI DA iRt el ed in a
gl obal tr ackingg ttrorabpyrdcintsiars (c.f. Fig. 14). Besides the target track
vector itself, the strobe tracks may contribute in 25 formng a covari ance
matrix to the target track vector. Fromthis initial target track vector
and its covariance matfix, pa conventiomal tracking operation can be
started. A prefprypd hi—o?izcal—cggmsei.x;@eet@regguﬁ,rack vector and its 30
covariance matrix in a\&aressigan’ coor dfgat’e system can be as follows. To
initiate a Kalman filter we need to specify the six dinensional state
vector (x,x) and its covaripnce [err] (@%GXG ma rkx). The estimators for

the sthte vectoP AP ~v~%9§%?852,1®e9 +or e, ®e, |d
PCT/ SE98/ 00344 29 [err]\w&Pe(®) [err] fo (30) for a
2D strobe track and 10 [err]

(31) for a 1D-strobe track. The covariance is estimated as follows 15
[err] [error 2D-strobe tracks and

pP..
PP ~ P;"’ e, ®e, d?,
4]

10 P'MP w2 e, ®e, d°

for 1D-strobe tracks. If all strobe tracks above are 1D then
we also need to add the stabilising factor P, to position the
strobe track cross at an a priori height.

15
Once a target track is established, the maintenance is quite
similar to prior art. The target tracks are updated by
suitable individual sensor strobes, which £all within a gate
around the target. The sensor strobes which are used in this

20 way are thereafter eliminated and do therefore not participate
in maintaining the strobe tracks. This means that when a
target track is established it will consume relevant sensor
strobes and cause the corresponding strobe tracks to starve
and subsequently be deleted. In connection with this, the

25 amount of calculation will be reduced.

When a target disappears, or leaves the area of interest, the

target track should also be deleted. As in previous

techniques, this will be the case when there are not enough
30 new strobes to keep the target track uncertainties below a



Ferr] with 20 [err] [err] for 2D strobe tracks and 25 [err] [err] WO

98/ 38521 wo 98/38521 PCT/ SE981 005 JUSEAS/0p4e
1D-strobe tracks. The formul as above can be sinplified using the
approximations [err] 5 [err] for 2D strobe tracks and [err] 10

ferr] for 1D-strobe tracks. If all stroBé& tracks above are 1D then we al so

need to asétictaml Stethil | o0 f actsrttf B r¢ihe Posidd onas he1spselesinaek
Cross at r|or| {ﬁiﬂ?%ﬁo 15 Once a target track is established, the

nai ntena %fwutsée B% prior art. The target tracks are updated by
sui tabl e |nd| vi dual sensor strobes, V\:hl ch fall within a gate around the

: .1h f
tefiir ?rﬁ]at -eg(g’(%n }Ogltjher e‘?etfsneémnor%k\b R4 pgrfég?%gnajrﬁfa?%l g{:ﬁégi :gﬁet o
tracks. Tetaitedns ndmts wign af&var@anlamamrysemm“hed it will consune

rel evant sensor strobes and cause the corresponding strobe tracks to starve

and subse uen%! be deleted. In connection with this, the
P 1:

This example is described with references to figure 10. In
this example, the tracking system consists of two 2D sensors

10 D1 and D2, working in their local coordinate systems Cl and
C2, respectively. One single true target T is present within
the range of the sensors. Sensor D1 obtains a series of
strobes associated with the target T and a strobe track ST11
is initiated. The strobe track state yields estimates of

15 azimuth angle, angular velocity, elevation angle and angular
and a covariance, c.f. (2)

(91) [Poa.l Paa’.x)
él ' Pée.l Péé.l
((01) (Pw.\ Pwi'.l)
¢/’ Fion B
20
In a similar way, sensor D2 initiates a strobe track ST21,
with corresponding estimates but with index 1 replaced by 2.
Next, the representation of the strobe track is computed in
the sensor system (SS) according to (9):
25

(sm( ) cos(qy‘ ) cos( ) cos(¢‘ ) , sin(¢, )),
@m()aﬂ¢J ﬁd@%miﬁlgd@»,
( sm(@ ) sin((a, ),— cos(B, ) sin(qzz, ) , cos(ga, ))

30 The strobe track can now be parametrised according to (10) as
follows:



25 anount of calculation will be reduced. When a target disappears, or
| eaves the interest, the target track should al so b4 As in
previ ous té@%ggagé%, this will be the case when there are ng} engﬂgﬁ*ﬁo
new strobes to keep the target track uncertainties bel ow a WO 98/ 38521
PCT/ SE98/ 00344 31 certain level, or if ajgertain tine period has el apsed
since the | ast useful strobe. Sone detai?s of the initiation process wll
be described inf%d) détef t+ oy Fedhs of a few expl anatory exanpl es. EXAMPLE
1. This exanple is described with references to figure 10. In this exanple,
the tracking systemconsists of two 2D sensors 10 D1 and D2, working in
t hei r | oca@lommsmbmhimy Systensa filomnik Carrbshesit vEdy . tideotshawg| - tohbe
target T i S i thin. a of  t e rs....Sens Dl1.obtains a
series of %a?{) egma%%gocél]%‘ﬁljé%i% %&?ﬁ:e %%r%&gﬁm%(%'ds%uétvzb%ge %ég)ﬁ T11 is
i ni ti aPed.refiacad obiech racliettat etlie efefsresanpal tenofofl Stke i strdbangl e,
angul ar v iy, . i eTalel I OVt | . (2)
[err] 20 ﬁgrﬁ\d%%/n%lleéaﬁyl\?\%a@%enso?t%zrg?%ir?#af%%@%gsFlr)gbeﬂgéﬁ g%kﬁfnst‘l'%l(?fmth
cor r espondilFESTHRA TS AR BPY P rereutedpl Bre®HY 2. Next, the
representation of the strobe track is conputed in the sensor system (SS)
according to (9): 25 [err] [err] [err]

()dxadz =argmin (¢,, 4, +F, ¢, ,d, ~ ;)

dy,dy»0
10
The linerised normal distribution (11) - (13) for strobe track
1 is:
Nle, d, +F,R),
15 P = (ng', cos’(@,) e,, ey, + P, €, ®e¢_,)d,2 )

]Jl—‘ = (Pa;;‘_x cos™ (@) e, ey, + F,

o0l

€o.1 ®e¢.l)dl-2 '

exp(—(x~F) P (x-F))/2)

f (x) = ._______1_..____..
l B 27[‘\/ Pﬂe.l qu.l

The corresponding computation is carried out for strobe track
20 2. If d,,d, do not exceed the maximum range of the sensor, the

statistical distance may then be computed according to (16):

(Fl ‘Fz)'eo
’\/(Paa.n (¢-4,) +P,, (e-e,, )’ )dlz +(P06.2 (eq ‘ea.z)2 +F,,, (& 'ew.z)z )dzz

€ =€, X€,.,.

’

25
If the statistical distance is smaller than a given a priori
gate then the strobe track cross is accepted, otherwise it is
rejected. In this example it is assumed to be accepted and the
next step is to estimate the position of the strobe track

30 cross (19):



30 The strobe track can now be paranetrised according to (10) as foll ows:
WO 98/ 3852WO0 98/38521 PCT/ SE98/ 08SABERH00B 1 |
Correspondi ng conputation is carried out for the other strobe track, where
simlar result is obtained, but with index 1 5 replaced with 2. Next, the
representations of the strobe tracks aré3transformed to the ET systen1(1).
The points of Ilnearlsatlon can now be conputed (15) as: [err] 10 The

| i nerised nor trl% él) %ig) for strobe track 1 is: [err] 15
[err] [err] [ nq f et on utation is carried out for strobe
track 20 2. éﬁ L Lr] do not exceed the maxi mum range of the
sensor, the st 0TS 2d stance may then be conputed according to (16):

[err] 25 If the statlstlcal distance is smaller than a given a priori gate
t hen the strobe track cross.is acce t ed, ahermnse it isrejected. In this

exanple |§l?%ea%%hn%ﬁet%nﬁﬁl%%c%ﬁ?e ouRAteHelRekhesELpSYSLER. ebPPmt e t he
position odrdbe stacbectooskandd i€s086vatxnce is obtained in the same

system.

Next, the gquality of the strobe track cross is computed, c.f.
‘10 (26), (27)

xo(x, )= xo(st,) xo(St,)

where
15
S (X)) PIX)
XO\ST, } = ’
.,( ) LX) P(X) -‘r-p(S]l‘])P(S]l")
X0(S1,,) = LX) P(Xy)

£GP + (ST PST,)

Obviocusly strobe track cross Xil is the strobe track cross

20  with highest qﬁality, since it is the only one existing, and
it will subsequently be selected. If the strobe track cross 1is
to be used to initiate a target track, the Kalman filter state
is initiated as follows, c.f. (28) - (32):

25 State vector = (x,x)

. (P,x P,,e)
Covariance = f% R&
x=(R'+B") (B E+ B,

i=(B B (B m+ B my),
30



WO 98/ 38521 PCT/ SE98/ 00344 33 [err] 5

Si nce al

and its co

%998?3ﬁ§{1i es are conputed in-the ET-system.the stpeprdsjasds Cross
arrance is obtained in the same system Next, the quality of the

strobe track cross is conmputed, c.f. 10 (26), (27) [err] where 15 [err]
[err] Qoviously strobe track cross X11 isathe strobe track cross 20 wth
hi ghest qu I&%y, since it is the only one existing, and it wll

e s

subsequent

¢ elected. If the strobe track cross is to be used to

initiate a target track, the Kalman filter state is initiated as foll ows,

c.f. (28)

30 WO 98/ 38521
where [err] [err] 5 and

5

10

15

20

25

- (32): 25 . State vector = (x,x) Covariance = [err] [err] [err]
621', (6, 0087405 €o1 +P1€41) s PCT/ SE98/ 00344 34

gerr] [err]
m, = d, (6, cos §az)ea.z +@, ew.z) .

and
Pxx — (Pl-l +Pz-l)-l ,
P, = (Pl"' + Pz")"l (P,"Vl}f’,'l + P{‘VzP{')(P," + Pz")" ,
P = (B + BV (R M BT + BUM PR + BTY
where
P. P..
_ - 401 ) -
PP = (m ey, Dey, +;§: €. ®°’¢.»] d,
P. P..
- - 86.2 2 -2
PIV, P = (m g, Bey, + Pz.z €52 ®e¢.2J d,
P, P.
P'MP ' m| L ¢ Qe, +—2Le ® d?
1 14 [Peze,\ cosz((p,) €y1 D€y, Pvfw.! €19¢,,14
P P
PMP | —22 o Qe +—2le ®c ,|d?
o (P a?;,z cos’ (.) o2 “ P :;.2 o2 p2) 2
EXAMPLE 2:

In this example, three 2D sensors are used and one true target
is present within the range of the sensors, as seen in figure
11. The strobe track crosses L&w,ﬂm), CXM,EM) and CYmpEm),
are computed as in example 1 above. To compute the 3rd order
strobe track cross, the 2nd order strobe track cross between
sensor 1&2 and 1&3 are compared, as described in fig 5 and
(21) and the 3rd order strobe track cross LXm,E”) is accepted

if and only if



10 where [err] [err] [err] [err] EXAMPLE 2: In this exanple, three 2D
sensors ar W@ 9IBszhd one true target 20 is present within tBEF/SESREW4F t he
sensors, as seen in figure 11. The strobe track crosses (X err],Plerr]),
(X[err],P[err]) and (X[ err],Plerr]), are conputed as in exanple 1 above. To
conpute the 3rd order strobe track cross3>the 2nd order strobe track cross
bet ween sensor described in fig 5 and 25
(21) and the 3nd\SngdeX s iBhet Podc &noméf.(ﬁk[srPrea{aéin}agi gateccepted if
and only if WO 98/ 38521

PCT/ SE98/ 00344 35 [err] The new estimate of the 3rd order strobe track
Cross is (I‘hef ne@w2éptimatlec o] ther Bledlverdearo s il idnadi@rdsy ia 20, for der
strobe trgg )?ross is 10 now [err] where (c.f. (27)) 15 [err] For the 3rd
or der str e'track cross, the quality (26) is 20 obtai ned by:

X =P+ P+ Y (PVF + B F,+ P['F)
Ry =P+ P+ B)

The cross quality (26) for a 2nd order strobe track cross 1is
10 now

XQ(XHO) = XQ(ST;J XQ(STZl) f

where (c.f. (27))

15
XO(ST )= Si( X1 ) P(Xiy0)
" ﬁ(Xl'O)P(X"°)+ﬁ(X'°‘)P(X1°')+fl(Xln)P(Xm)‘*‘p(S];])P(S]I’) '
(,S' )—-— f').('XHO)P(Xn())

A Kuo) P(X10) + fo (Ko YP( X )+ £,(X0 ) P(X0r )+ p(ST,, ) P(ST,,)

For the 3rd order strobe track cross, the gquality (26) 1is
20 obtained by:

x0(x,,,) = x0(ST,,) X0(S7,,) XO(ST;,) ,

where (c.E. (27}))

25
XQ(ST;x) f(Xm)P(Xm)
F(X o) P(X)+ Fi( Koo ) P(Xi )+ F(X00 ) P(Xo )+ (ST, ) P(ST,,)
XQ(Ssz) fz(Xm)P(Xm)
£l X0 YP(X)+ (KXo YP( X )+ fo(X0 ) PCX) + (ST ) P(ST )
XQ(SY;I)— F3(X)P(X)

LX) P(Xi) *+ Fo( Ko YP(X o)+ £o (X )P(X1) + ST, ) P(ST,,)



[err] where (c.f. (27)) 25 [err] [err] WD 98/ 38521

PCT/ SE98/ Q3¢khs3a I n this exanple it is assuned that [err] PCI/SE98/00344 _
Accordingly, Xferr] is selected as the first strobe track cross. The strobe
tracks ST[err], ST[err], ST[err], 5 have all at |east one strobe track in
common with the selected strobe track c3®ss and hence the strobe track
crosses Xerr],X[err], X err] wll be renoved fromthe list. The list wll

in this exanple now be enpty and no nore strobe track crosses are sel ected,
whi ch i sIfn o0 CFAREE- Aidtth itth@ SSYMeCalthdddel . The 10 result fromthe

entire pr S\ILS t \vth e cross represents, the possible
Carget hoetRen > X Rt Toh e S Bon) RS RetSIRERT nc don iy S oCHBR
32), I ] I ) X t ¢ | e,
Coar of OB SBeDikal StRAUR Bk TS, The RUGMBS chackh WS ST P
figurg lhavehelflolaltoviesg tstaneb e throdek totaasks a1 aathntdre iwi tquadhie isesl earteed

ted | Y P ,
T o T Rty s ey Ll )
Eé% er f} ; gfﬁf&r/% i X(% arirl]l, %F)B[eerrrehhve(Td%([fmdtr] it!?{eem‘i]sl)tq- l(m{eemﬂs?[ﬁlﬂl %Jﬁl
err],PLerr]), err],Plerr]). e qual i cal cul ation _yiel ds e
o Low G e SHABI S S [ oeRe D FiotRabkrts 2ok SFIRPSR EFtance
wi th t he sshevtedissaihiikgd iselier tdcaprderedurieh siheolim ittriadk neydess. The
(X[ erl{)] ’ E):[e%[url]t) f'r%ms%lheeCte%q:itroe 'prvl:lécleastse i% tt%{ag!:etthe strobe track cross
(X]”,R”) represents the possible target position: A target

track may now be initiated according to (28) - (32), compare

also with example 1 above.

15 EXAMPLE 3:
In this example, a case of three 2D-sensors and two true
targets is considered, as shown in figure 12.
The following strobe track crosses and their qualities are

computed as in example 2 above: LXW”Rw), LXW,RN), (A@ny&”),

20 (X080) (oo Bo) ' (Koo Bo) e (Koo Pa) e (X2 Pa) + (Xazes o)

(Xm,Pm), (Xm,Pm), (Xm,Pm). The quality calculation yields

the following relations

XO(X 12 ) > XO(X100) > XO(X,11) >

25
In accordance with the above described selection procedure,
strobe track cross LXuZJ%n) is selected to initiate a target
track in accordance with what is described in example 1 above.
Subsequently, the strobe tracks S7,,87,,57, are considered to

30 be consumed and hence the following strobe track crosses are

removed from the list: (k}wvﬂm), (kgmr&m), (Akurﬁu){ (anfaol

(anfgg, (Agm,am), (XMPP@J. The next strobe track cross in



track in accordance with whrat is described in exanple 1 above.
Subsequentywp,osibs2i1st robe tracks ST[err], ST[err], ST[err] arePCHIEMEBLd t o
30 be consuned and hence the foll ow ng strobe track crosses are renoved
fromthe list: (Xerr],Plerr]), (Xerr],Plerr]), (Xerr],Plerr]),
(X[err],Plerr]), (Xerr],Plerr]) (XerrB3MPlerr]) (Xerr],Plerr]). The next
strobe track cross in 98/ 38521

PCT/ SE98/ BeR344>-8% FﬁebFi§g§%ﬁtB€ Ee| dpitdars PnFPF&F& &rP&Fgéﬁ {FaakBing -

ar e cons AP SRHERERs LHE PHFPBR R oERPoRIc S herd Tor G B

(X[err],Plerr]) [ ) The Ilst of h t het ncal
Larget orbsaes phe gcﬁéﬂ%éﬁg bahe; REoFks FPL FStHEEtGngvgﬂa{gg 9t he
creation pf tar tracks based on the strobe track crosses
(X[err], E{(er,lﬂo) andt X er)r] Terdst of dHMIRe bl targele %’d@%ﬁiﬁ%g«b% of
t he present i | 1 C d_to e r t al.so Vi
flourd 1920y SYEEY A Enec 8RR8I € 0P el oBEAT, PR vhd 2187 Y (Rbnadh |
i ndi vi duacbf swebesw assgei:at:éacwst haslaé otr tbe stacks alrec%@mswa hi n
lines. As,in figure 4 robabjlity density functions are shown for the
strobe trb€ks fan éé@ré@ oftiihg 15 uncertainty distributions for the

i ndi vidual strobes. In this exanple, sensor D3 has a | ower accuracy in the
measur enent, and the distance between the probable target and the sensor is
| ar ger f oFremntbisDexehphef othehadvansegesDofatdeDpredigng rawg@ntsidm t hat

the RpF f86m%§§e§T§$ Ehéog%lg%a%&' s"“a‘i%% %Qvﬂo‘&%n fror f&%r‘aélt hey,

parti ci strobe trac ST21. In a prior art-ev uatlon of the
3rd orderP%Fésngiiﬁur?hézpé§l?Péﬁrﬁﬁdthén§r5§§ WouEFPBé iputthien detetidént re

of graVItYn@iv&aaaurs@&ab@sbuagboEXa%@68w§tth@& sk&oh% QQ%kmﬁﬁa&Qﬁt any
position derived |npﬁ§cﬂéa way W | %ontaln a Iar% unt

uncert ai nBYO¥S; Afet 5§§reﬁ§n9§ ¥ I8&ERs Gr s PBPRZR YaP@nSltY

functions are shown for the strobe tracks and corresponding

15  uncertainty distributions for the individual strobes. In this
example, sensor D3 has a lower accuracy in the measurement,
and the distance between the probable target and the sensor is
larger for sensor D3 than for the sensors D1 and D2. This
results in that the PDF for the ST31 strobe track is wider

20 than for the other participating strobe tracks ST11l and ST21.
In a prior art evaluation of the 3rd order cross X111, the
position of the cross would be put in the centre of gravity of
the triangle built by some strobes. It is obvious that any
position derived in such a way will contain a large amount of

25 uncertainty. Since the measurements by sensors D1 and D2 are
more accurate, a weighted cross position should be used.
Furthermore, by using strobe tracks instead of individual
strobes, a large amount of noise and uncertainty will be
filtered even before creating a target track, thus giving

30 target track initiations which are much more reliable.

By using angular velocity information from the strobe tracks,

clear inconsistencies may be discovered. In the above case,

the X111 strobe track cross corresponds to a true target, and
35 thus the individual angular velocities V11, V21, V31 of the



nore accurate, a weighted cross position should be used. Furthernore, by
using stro %&ﬁﬁ s instead of individual strobes, a |arge apprpbs/sB4410i S€
and uncertalhty Wil be filtered even before creating a target track, thus
giving 30 target track initiations which are nuch nore reliable. By using
angul ar velocity information fromthe stymbe tracks, clear inconsistencies
may be di pheee! ey ohd tt*}%c?ctl%o‘é%e‘?@g’si‘s'l%r?él%ﬂit%} Q08 LIAGK Cl9sSyyq
corresponds to a true target, and thus t he T ndrvi-dda angul ar

vel oci-ti egnd1 V21vangwar yelogdties\\grggagRurate, and implies that the
PCT/ SE98/ 99344 véﬁotcare;le sHARe bh! AGkS e RN QRlr Wit ceRCk iRty The

V11l and V21 angular vélocities are accurate, and inplies that the X111

vel ocity ¥haGhd agécdilse coadizgechpyl &he Vil Welocdive, Tkhi &ovaves i £he
confirsedvhy whal1¥Sbevdieddred hh chewsyposilee & ¥t iwulgdend rected in
t he opposite di.rectjon and the associate Elcertai nty .i s Ej%g small to
expl ai n t RESESH &Qn@@FeFﬁ€1?f¥il§tFSEbSFP; k & 629 F5e BYESIHES o
rej ect astaeghtasfl. st@db$ANMRalcks criosst o 1eX &eap lpes stitd el Bos ersj@c: azd aone
target is ol i dered, as shown in fig 6. Since the algorithmis perforned
in three dimensions and hei ght information is conpletely m ssing, the
problemin this exanple is singular. Therefore, it is 15 necessary to add

a pri.ggi hehgt g af.ormation. The unique strobe track cross is
(X[err?,P err|). The estimated position and its covariance is obtained from
(20): [erdp £@is exampden] tyer dD-PRESCES PREY (Re FREGEL dfe aomsigdaRedas in

exanpl e lagbewewnlhe Fay teer B8 ntkethle Bl tdhe iReeded dratbker Reidd +

Plerr invertihle. . . . . .
[ ] ggmensgons and height information is completely hmissing, the

problem in this example is singular. Therefore, it is

15 necessary to add a priori height information. The unique

strobe track cross is (Xh,R,). The estimated position and its

covariance is obtained from (20):

XH = (‘(Dh-l + })l_l +‘P2_|)_l (Ph_' XO + ‘PI—) 1:1 + ‘PZ“l F;) 7
20 Ri=(B+R"+PR)

Here A,P,F,F, are the same as in example 1 above. The new

terms X,, P, are needed to make B +P’ invertible.

25 The computation is performed as follows. The intersection of
the two planes representing strobe track one and two is a line

which can be parametrised as

= X, +tept,
30

where X, is a point on the line and e, is a unit vector

parallel to the line. X, is selected so that its height over

mean sea level (msl) is that of a predefined value. In this

example 7000 meters is chosen. The covariance is then



25 The conputation is perfornmed as follows. The intersection of the two

pl anes r epwesMBF3g strobe track one and two is a |ine whi cRCITEFIHAI44
paranmetrised as [err] 30 where Xferr] is a point on the line and e[err] is
a unit vector parallel to the line. Xerr] is selected so that its height
over mean sea level (msl) is that of a pt%®defined value. In this exanple
7000 neters is chosen. The covariance is then WD 98/ 38521

PCT/ SE98/ 00344 SQ_bgrr] where the scalar Plerr] is selected in such a way
that the 5 tafbét 6%”?ﬁ1@rest are in the height range [7000- [err], 7000 +
[err]] In this exanple P[err] = 7000 * 7000. The quality of the strobe
track cross can not be conputed, however, it is unique and hence sel ected
as a posstberet bhgescpadart ifan. 130sghectaflt ial skabnmanvaly| thatstiee is (x, x)

, , na,tQ.(28), 429) 32 15
L5 et a2 ) a2 07
[7000- By, 7000 + B | . In this example Py, =7000%7000. The

quality of the strobe track cross can not be computed,
however, it is unique and hence selected as a possible target

position.
10
th xt
The initial Kalman filter state is (x,X) , (P f;) where,
according to (28), (29), (31) and (32)
x=(B+P +B) (B X, + B R+ B F),
1S 2= (B B+ B (R B my)
where
m, =d, 91 €4,
20 my, =d, 6, e, .
Pn' =(Ph_l +‘P1—l -*-‘PZ--))--l ’
Py=(B' + P+ Py (BB + BV, YR + BT+ P
Bo= (B + B+ B (BMPB + BPME ) (B 4 B Y
25

with

P“VP"~§‘1"—e Qe, d
r M4 "‘Pz 8.} 8.0 ’

88,1



[err] WD 98/ 38521 PCT/ SE98/ 00344
40 [err] [%9]8&%1“] 5 The above described nmethod is di scuspefispsspesdsng t he
absence of atnospheric refraction. It is straightforward to soneone skilled
in the art to nake the conpensation when constructing hypothetical crosses,
conmputing the XQ values, and in trackinggssoci ati on and updating. A useful
default conpensation is_10 where the hei ght above nean sea | evel of the
target is conpg;%gjyithﬁihe rgpius_pf the earth changed to kR, with a

typi cal value ok 'z Z/pz_ Am pdximate correction of the nmeasured

el evation follows the fdffula: 15 [err] The value k = 4/3 is
dependent on the weat herp,. type of sensors and many ot her paraneters and may
be changed readyTy, PThes& cgmieagatfons are, however, already known, for

i nstance by 20 "I ntroducdtaion to Radar Systens” by Merrill 1. Skol nik,

MG aw Hi |l Book Cbnp:g%, 1981, pages 447-450. WD 98/ 38521
PCT/SE98/00344P41 IV a&ze Al K initiation nmethod for nmulti target
tracking by nears df *at ppast? Twd’ passive sensors, characte-5r

i zed by the steps of: creating strobe tracks for each single sensor,
where said

5 The above described method is discussed assuming the absence
of atmospheric refraction. It is straightforward to someone
skilled in the art to make the compensation when constructing
hypothetical crosses, computing the XQ values, and in tracking
association and updating. A useful default compehsation is

10 where the height above mean sea level of the target is
computed with the radius of the earth changed to kR, with a
typical value of k = 4/3. An approximate correction of the

measured elevation follows the formula:

k-1
15 ~Y4 R
% P

The value k = 4/3 is dependent on the weather, type of sensors
and many other parameters and wmay be changed readily. These
compensations are, however, already known, for instance by

20 "Introduction to Radar Systems" by Merrill I. Skolnik, McGraw-
Hill Book Company, 1981, pages 447-450.



strobe tracks arefiltered sets of strobes, belonging to the sane target;

cal cul at i nyO98A8HES track crosses; 10 sel ecting a stroBETSERYH oss
as a probable target; and creating a target track. 2. A track initiation
met hod according to claiml, c har ac eri zed in t hat t he

two strobe tracks fromdifferent sensors, conprises the steps #f:

cal cul ating a di stance between the strobe tracks 20 according t

di st ance ArasuPe trEEKedfiitg-aHens MedHeS TRk Woibt MR TIRE deracHRE MY al
strobe tragknG’ @3S atl 1@ tditsiARR Jivd Adffordlan a MM edet ¢ g nede val ue;
calculating a closest point on €ach strobe track 25 corresponding to the
di st anfe; rcdl eulead np & cr as tsdrepensdr: di st ance between each cl osest point
and each respective sensor; rejecting the strobe track conbination as a
potential strob&SRtddd SIS Lrackedar GREHISHME R RS- e SHd

di stance exeoees thiielanrge & 1ilife LDIFRSP Ui St GeASOrbe Bt ek ctd athang
position and position uncertainty for strobe track crosses of the remaining
strobe tr&ERE 3 {STdtions. 3. A track initiation method according to
claim?2, 35 cdalaulaxing srnode zmak drassdsh a t the step of

PCT] SEB8/ 00344 13 SCATLH S0 TR Brver AT o ARk NGl | C2 the

step creating a target track.

step of 15 calculating strobe tracks croSses conpri 51““11

cal cul ating 2nd order strobe track crdSeRBMSwhich insﬂﬁm malﬁmm ir of
[ *
0 a

2. A track initiation method according to claim 1,
characterized in that the step of

15 calculating strobe tracks crosses comprises the step of
calculating 2nd order strobe track crosses, which in turn for
every pair of two strobe tracks from different sensors,
comprises the steps of:

calculating a distance between the strobe tracks
20 according to a distance measure;
rejecting the strobe track combination as a potential
strobe track cross if the distance is larger than a
predetermined value;
calculating a closest point on each strobe track
25 corresponding to the distance; '
calculating a cross-to-sensor distance between each
closest point and each respective sensor;
rejecting the strobe track combination as a potential
strobe track cross if at least one of the cross-to-sensor
30 distance exceeds the range of the corresponding sensor; and
calculating position and position uncertainty for strobe
track crosses of the remaining strobe tracks combinations.

3. A track initiation method according to claim 2,

3. characterized in that the step of

calculating strobe tracks crosses, following the step of



of cal cul ating strobe track cros n, where n>2, whi'ch is based
on strobe s g§410Sses of order m“ ”m,ﬁﬂ"mﬁ ack ini t| attT/enysmbdaod
according to claim3, ¢c har n t hat the step of
cal cul ating strobe tracks crosses of order n, mhere'n>2, conprises the

steps of: calculating a distance betweensany conbination of two 10 strobe

track cro £, «qLder rqi i

pot enti al %gtq%ugr n%e ZHHbJeoriﬁ%ggkq%?%ss%l%%%adcac%wgqﬁlﬁ%er %{Elh

pr edet er npﬁe@al&w;@tnam stalche &dagd sowissesn afh@yssst mowhanserta@ nty for
strobe 15.45aek i¢f ‘?ﬁa’%’éﬁi Un G JRMRAINI GYRYNAGORS Ry $robe track

crosses of order n-1 Atrack itnitiation nmethod according to any of
the clains 2 to 4, c h a r acterized in that, if at |east

20 onesstuobe tr agdadks ithid HilD endtraeK a ddter EitRp tQi‘ cclasllezulﬁti ng position

and position uncertainty is perfo d according to ] Jerr 25 wher e
[err] 30 Fof* & D% dbe& tr &k ear‘?ge["ernr] q‘\fo 8/53592 4

PCT/ SE98/ Q344,143 i sacéd%esttr r&%s{a e loxgig} H, ervfkleré erp;fsent ing

the state vector covariance's he strobe tracks A track
mrtratroﬁ%‘?@t%%c?&ﬁcﬁ%?%@%ny of the claims 2 to 5, charact e
rized i nedidiiditding tdh®istance between any combination of two

10 strobe track crosses of order n-1 according to a distance
measure;
rejecting the potential nth order strobe track cross if
the distance is larger than a predetermined value; and
calculating position and position uncertainty for strobe
15 track crosses of the remaining combinations of strobe track
crosses of order n-1.

5. A track initiation method according to any of the claims
2 to 4, characterized in that, if at least

20 one strobe track is a 2D strobe track, the step of calculating

position and position uncertainty is performed according to

X=(iP,f']_‘ (ZP F)

25

where

P = (P, cos™ (9) 5, ®e,, + Pl ¢y, ®e, ) d?,

(4

30 for a 2D strobe track, and

B = (Pp, g, ®ey, ) d;?



di stance nmeasure for the strobe tr mﬂ mﬁ:“ “)“! ﬁ\“t)rrput ed according to 10"
[err] wherwdsrsj21l5 [err] [err] ﬂ l err] reBFESERYINRH t he
foot point vectors of the respective* sénsdrs. 7. A track initiation

met hod according to any of the clains 2 ta 6, characterized

i n t hat t he 25 di stance neasure between strobe track crosses is
conputed according to [err] 30 where the two strobe track crosses of 2nd
order are represented by (X[err]vE[errL%‘gnd (X[err],P[err]), respectively
WO 98/ 3858pr a 1D strobe track, fy,; and f,,; repreganmg opgsgtaneg. A
track initjiation nethad accordi to e .precedi ng cl ai ns, c har
acter' - o% owaﬁgt%naet%goég:glﬁ o%ag]ﬁsloe}?o‘%ctgliban%@%' strobe track cross as a
probable target 5 conprises the steps of: calculating a cross quality

val ue tor each straohe tiragk G : ' il ' L oONs
of thegstrsdbe tAr Ea't:cks colrf?lrl aﬁt{lu%zg r%%{ﬁitcf?é %sctrkfeoc%%%g%: %:r%/%g:gf]s&s%ér(t%in%ﬁg% r.obe
track cro@sé&® ion orderd By 7 He Tross 10 g idy varuet aml Bel eeténg at

| east one strobe track cross fromthe list. 9. A track initiation nmethod
accor di ng distanamien&asure for the strobe tracks (Ehfl is computed

according to

10 Dist(¢, ¢,)=

8
JP
where

A=(F-F)-e

15 P = (P99.1 N 'es.l)z + PW.\ (e, - e¢,1)2 ) d‘z + (Pss,z (e 'ee.z)z + Pw.z (A 'ew.l)z ) dlz
€ =€ X5

L, (d)=e, d+F, d>0, i=12 ,

(d,,d,)=argmin (e,, d, +F, ~¢,,d, - F)* |
#f)

dy.dy"

20 F representing the foot point vectors of the respective

sensors.
7. A track initiation method according to any of the claims
2 to 6, characterized in that the

25 distance measure between strobe track crosses is computed
according to '

dist((x,, P),(X.,B)) N -x)(E+R) (x-x,).

30 where the two strobe track crosses of 2nd order are

represented by LX“R) and (X;J%), respectively.



racteri zed in

h a the ¢ quality 15 val ue
al cul ati the order of the Hum u“ E jﬁs 10. Apéf@@dgmogm
nltlatIOQQ0%§ﬁO& according to cla Hﬁ ﬂ “ c t er t
t the cross quality value is carcu ated by 20 [err] mhere 25
;
;

err] X = Xlerr] a strobe track cross ofgprder n, formed from strobe tracks

10, characterized in that the step of selecting a
strobe tréck cRotsagk anptobabbs merhed EacpmddngonprasgSOEhehsteps of

VO 98/385§%eced1n claims, char cte PGT/§§9%@g93%ﬁ
r enovi ng ose st obe track crosses mhlch are orne east one

strobe tr&BRPt AAt SP4EGEAATF 8r SEEPRENGLERE SEPE6 46 §tP6@@abﬁ§c%a€E@§s from
t he sogtegoﬁb§gse§nghéegg@bgngfthe sel ection of strobe track crosses as 5
probabl e targets un& the sorted I|st IS enp 12. Atrack initiation

met hod accor di RgtE8LahyRgf 2t RECEFaflhg StVoV?iue forhegch gtropeetrack, o ¢

i n t h arbss,theisgephef ps:ebeb&&mgyadeheehg Fhack iohessfagna Ritald e

t ar get fugthe% 10 onpr.ises % % of . de ernknlng if a selected strobe
track cro&&2§ 8uF8n§F§ Urteg £EREI EXRFEAFTFERSf a new tar get
track, based oaoatihgastrobe mtatkecwossesqumlowﬁevabuetandc&mesorder of

the sj 6ob§1C1 g % gﬁgﬁg 19g 1 A track initiation nethod according to any

of the pr c h aracterized in that.
selectlng ar least one strobe track cross from the list.

9. A track initiation method according to claim 8,

characterized in that the cross quality

15 value calculation uses the order of the strobe track cross.

10. A track initiation method according to claim 9,

characterized in that the cross quality

value is calculated by

20
XQ(X) " keim XQ(ST;‘-‘}) !
where
X
25 XQ(STk,J Je(X) P(X)
> A lX)PX)+ pST, ) PST,,, )
X'eSTy i,
X=X, ., a strobe track cross of order n, formed from
strobe tracks {Sﬁ“}bl .
11. A track initiation method according to any of the claims
30 8 to 10, characterized in that the step

of selecting a strobe track cross as a probable target further
comprises the steps of:



the step 0f creating a target trac (lﬂﬂl’ﬂ jmrm ﬂﬂ ep of calculating a
target traW¥R %8823 vector and its ﬁ* A m M‘ iI ii n a gl SEE{SE??%{’(?% ng
coordi nate system 20 14. Atrack initiation nethod according to claim 13,
characteri zed in that the step of calculating a target
track state vector and its covariance maffix is performed in a Cartesian

coordi nat e systremoxieq dihupe25tnobe dadcknmras 3 [ efijch amp HBresd 2y
PCT/ SE98/ Q9344248 ool lsdr®id d@did drffe 13 Mdded &dd forming the

selected strobe track cross, from the sorted list; and
repeating the selection of strobe track crosses as
S probable targets until the sorted list is empty.

12. A track initiation method according to any of the claims
8 to 11, characterized in that the step

of selecting a strobe track cross as a probable target further

10 comprises the step of determining if a selected strobe track
cross should give rise to an automatic creation of a new
target track, based on at least one of the cross quality value.
and the order of the strobe track cross.

15 13. A track initiation method according to any of the

preceding claims, characterized in that

the step of creating a target track comprises the step of
calculating a target track state vector and its covariance
matrix in a global tracking coordinate system.

20
14. A track initiation method according to claim 13,
characterized in that the step of
calculating a target track state vector and its covariance
matrix is performed in a Cartesian coordinate system according
25 to '
Pe P;)
x,x) , ,
o L [
where
30
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