2 4 JAN 2006 1 TITLE Analytical estimation of performance of a2sengal 2006
system TECHNI CAL FI ELD Met hod for an analysis tool for analysis of the
sensor performance of a system of sensors, which nmethod conprises

anal ytical calculation of a sensor systenlis nmeasurenent characteristics at
each point in a given geographical area. The nethod . conprises obtaining
performance paranmeters from Ns sensors that are in the system The

i nvention also 10 relates to a device for use of the method and to the use
of the nmethegignd the device. BACKGROUND ART A sensor is a device. that
recei ves signals. of various types, for exanple 15 electromagnetic,signals

such as heahlﬂ{ l@sﬁ receliaseel?lo Hﬁ@égﬁg _sg@?msgy%lﬁvaves There are

passi ve sensors t at on , I've ' sénsors thatt.send
out a signal that is reflect ed against an object and thereafter returns to
the sensor g |ERg By | is read off. An active sensor can. -calculate
. distance angm%ear%‘r ngEq'o an obj ect, f or exanpl e by neasuring 20 . the .

time it 5t akdettoat for pal awalysignol tfor ra@bly@rs andh8Yyseisod heatfdthizpeki onal
antenna. The sEaSSI e or' active sensor has predeterm ned specific
characteri sty AangPihewhighdnethode pamiprises aanalvtigsl i salcdativnref ahi ch

obj ect banasaet; SYteiAgaprenfiHE BHAREIRTSEE 41" BRER. By T o, len °
i nt ensi ty gecrgraahrpart latea ar Thar emethddi tohisriseangebinihe sEafsiiance :

radar.. is. ttg’p nsor as above, intended to. detect takgets and
track parame S rom s sensors that are in the system. The invention also -
10 relates to a device for use of the method and to the use of the method and
the device.
BACKGROUND ART

‘A sensor is a device that receives srgnals of vanous types, for example

- 15 eIectromagnetic signals such as heat or radio srgnals or srgnals such as

- sound waves. There are passive sensors that only receive srgnals and active

‘sensors that send out a srgnal that is reflected against an object and
thereafter returns to the sensor where the signal is read off. An active Sensor .

can calcu!ate distance and bearing of an object, for example by measuring

20 the.t.rme‘ it takes for a pulse signal to return and by using a directional

- antenna. The -passive or’ acti\re sensor_r,has_ predetermined specific

characteristics.

A further type of sensor is an adaptive sensor, which can be caused to

25 change its characteristics depending upon how an. object behaves, for
example to increase the sweep frequency or the rntensrty. over a particular
area within the range of the sensor. |

A radar-is.a typical sensor as above, intended to.detect targets and track

30 ftargets using electromagnetic waves. The following description of the
background art refers principally to radar but as other sensors can also be
used, the term sensor is used instead of radar.




30. targets using el ectromagnetic waves. The fol |l owi ng descri ptiZoh b:‘l’-.?=it?1’9§5
background art refers principally to radar, but as other sensors can al so-
be wused, the termsensor is used instead of radar. 2 1, JA ~~ 206 2 A
sensors neasurenent characteristics are often described as a nunber of
performance paraneters: pfa = the probability of false alarns per scan in a
particular partial area, pss = detection prdbability per scan (the
subscript ss refers to single scan) for targets with a particul ar target
area, R = neasurenent accuracy, here expressed as a covariance matrix, and
= detection tine for the sensors search area. 10 Fromthese parangters

T
can be cal ool SFOE omPsRRHERARY i BbRrbfis B, Bibh R ep TBEE A5 FRUEER T,
often vary apgrmmahbgp@meterg; search area. The detection ability of the

sensor can, for exanple, iven a 15 value ' by calculatlng t he di stance
fromthe sesot thehprababsily Bfg?é%alprmw@rsca@matnasm lar parial a1¢3s'  di st ance
is oftengcal] ed | n

char act etr-’l std °ts dgg‘%&@e @ 8%m§fa%{1$|%%l (iﬂg/élggblrgg&rtltgggﬁe?queorre@g%gﬁgﬁj?es in

t he. form oftargetsivith sopartiaukas tarfjetareal, es ' where the value R50ss is scal ed
in such a t hat. the scal ed val ue of R50ss constitutes the 20 radi us of
the said fi rergeawef'@*@awuqa@gelﬁ?r@rewwes ) covaripRCe, madrix, rﬁnfhuest i on.

The area that= Id%e r%?\rtlrﬁg%rbc}‘netééﬁsgr%ESérrchCarEfagur es is often called the

sensors range. rtain "existing planning tools (analysis tools) for

sensors are based on 25 ranges of the type described above and, in
dditi Tet | t t t t h I | af :

A O?QOﬁﬁpﬁoﬁééﬁa@%&e{@ItB%%eﬁggrosugveraagor%{eggul%men gtae (Collj' e%eective

restric
Pss

T

measurement rate), — T , can be calculated as :;— =

a -]

The first three parametérs,‘-pfa, pss and R, often vary across the sensor's
search area. The detection ability of the sensor can; for example, be given a
15 :value by calculating the distance from the sensor 'where'th'e probability of
detection is 0.5. This distance is often called Rsgss. By méans of this value,
‘the sensor's detection characteristics can be édeﬁ_Qraphically“ by means of
' geOnrietric figures in the form of circles or pa_rts_ of circles '.Wﬁére the value
‘ Rsoss is scaled in such a way that the s'c_:aléd' value of Rsqss cONstitutes the
‘20 - radius of the said figures, preferably together with a map of the area in
question. The area that is described by the geometric figures is often called

the sensor’s range. .

Certain ‘existing planr‘\ing_‘ tools (anélysis todls) for sensors are based on

-25  ranges of the type described above and, in addition, ¢an sometimes take into
account topography and calculate restrictions in the range due fo
topographical masks by means of access to a map database.

| A sensor's tracking characteristics can be described in a corresponding way
30 as for the said detection characteristics, with a range Rspaq given that a target




‘t opogr aphi cal masks by neans of access to a map database. A sengok /Al 5C35
tracki ng characteristics can be described in a corresponding way 30 as for
the said detection characteristics, with a range R50aq given that a target
2 4 J id 2006 3 approaches the sensor radially at a particul ar speed. This
I's described in Reference 1. Problens arise when the performance of a
system of sensors is to be 5 calculated. The difficulty consists of
obtaining an idea of the systemis characterdstics, in particular with
respect to the tracking, when the sensors have greatly varying
characteristics, not only with regard to the ranges but also with regard
to ot her ch@p@&&ﬂh@t fhes sensdT MIai’s'aaUBemmmuiraatsqaeednﬁ'mnsaru!eﬂl.:rltamtum acy
and fal se algxf . For tracking of targets neasured by a plurality of
sensors, th qpre[n&e g of target data is already known. The two nost
common techniques are: 1. The sensors track the target separately and the
result is thereafter fused. 15 2. The neasurenents are fused and a

tracki ng fi IRreblems @aniseewhesr thes ggrformanee afeausysteny abssosersein to Threse

2l so o Bpperenidtal Y st Rt g SLRSRB = loehBr dPenb IR oo

dat a accor dichgrdcterstics} :rstpeﬂmrarswﬁhtraepeal toulhat iracking, wheh'thekddrgord | ter,
often a Kalman filter, for each sensor. For fusion of these . values, the

val ues in t Raveigreally yapdoacharederistios, nohoaly wrtberegagbép thiranges hubl ves
v e TR TP U el S AR o o
of measurement accuracy and false alarms. :
10 |
For tracking of targets measured by a plurality of sensors, the filtering of
_tar'get datais élready known. The two most common techniques —are:

1. The sensors track the target separately and the resultis thereafter fused.
16 2. The measurements are fused and a trackrng filter is thereafter used on the
: resultrng measurement '

These methods relate to fusion of data in real systems, but can in principle

also be applied for certain analysis analysrs ‘

20 _ ' .
The filtering of target data according to point 1 comprises the calculation of a
tracking filter, often a Kalman filter, for each sensor. For fusion of these
values, the values in the filter's covariance matrix are to- be fused, which
involves laborious calculations that require a lot of data capacity and take a

25 long time. A further problem is that in fusion of tracking data, the degree of
correlation between the estimates is not known, which is not possible to

- calculate in real systems. In an analysis it should, however, be possible to
calculate the correlations, but these calculations would add to the already
laborious calculations.

30
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‘correl ati on between the estimates is not known, which is notQpéSS|bIe ?o
calculate in real systens. In an analysis it should however, be possible,
to calculate the correlations, but these cal cul ations woul d add to the
al ready | aborious calculations. 30 4 In filtering target data according to-
point 2, a plurality of variants can arise, tw of which variants (2a and
2b) w1l be illustrated in greater detail below. This is also described in
Ref erence 3. 5 For fusion according to 2a, the fusion consists in the
actual case of the neasurenent data being processed in the chronol ogical
order in whilelitetieg target daba eiceentling tmpourﬁ 2, he phuality i df wariamgs ca@ran he

different senso rec | rent, ti es and are ed by a
comon fil tg‘f” Glfs“ivg Vaf\?&:@%% anﬂoﬂ’) ¥y plP? dlg'ﬁltr@ §hin ﬂéeaéﬁ%la ?ﬁqﬁo‘e’ase in
whi ch an ev3aihiais H180 eesarisabincRb®erdihg)gr formance is to be carried out.
Actual neasurenent values are then not available, but only the general

characteristics of the measurenent val ues as descri bed above. A fusion of

ol ati ngot o PLrhaianc etk ReRy 2Eahe ToabH pafils, b Fe Bl NER e o

are fused behedsuremeyt anta beinggadcbisal gt éﬂr@ﬁ&sbgm:at bl’deﬁ'rm whilcls te@p be
carried out in two ways (2bl and 2b2). In order to be able to utilise a

filter acco@d® ﬁ@ceelbe%mat isi the| comtyihutipns fromdha idiffarentosensess mee seraivrcht s
h b
bre carri oq DaBtmEY ahy'Bls G skd'ty TeBRimof A, ThR s ﬁ&vﬁ%@@&éfg‘?n”zﬁd

that there applicabldein dihe cnsalytical heaseeds uwvhichnin ewdlaaticretafchi system's
characteristics or anqlg r di'stance to lfz,ge measur enent = obj ect. For use of
PP

a filtetYac®brrmgnes oppiednoiie Aty MeasyresRit\@lyes arq Heunet er ent
sensors ar ea‘O@_II&flé,egut o5 SHe g‘éﬁb?ﬁ PG ABEeoRhE (Rbasurement values as

described aboVe. A fusion of these characteristics is to be carried out, but
there are problems relating to randomness.

15 For fusion according to. '2b, the measurements are fused before they are
passed through a tracking filter. This can be carried out in two ways (2b1 and
2b2). In order to be able to utilise a filter according'to 2b1, simultaneity is
required for the méasurenients that are being fused. By simultaneity is meant
here that the measurements are carried out at the same moment for ali the

20 - sensors in the syster_h and that there are no deviations in the measurement
rate, detection characteristics or angle of 'distance to thé measurement
object. For use of a filter according to point 2b2 aboVe, the measurements for
the - different sensors are weighted, fused, using known mathematical

~methods in which the accuracy of the weighted values, that is the variance, is

25 calculated according to the equation (7-1) below.

" -1
R = SR.“1
IR

(7-1)




met hods in which the accuracy of the weighted val ues, that i%%ﬂé”v@ﬁance,
Is 25 calculated according to the equation (7-1) below. (7-1) 2 4 JAN 2006
5 This equation applies, however, only if the sinultaneity described above
“is fulfilled, which in practice neans that there are no deviations in
measurenent rate, detection characteristics or angle or distance to the
measurenment object. The probability of these criteria being fulfilled for
a system of sensors 5 that are tracking a nobil e neasurenent object is very
smal |, alnmost non-existent. For fusion according to 2b2, the measurenent
vector is i dtisagediion mppies, ndwetdre ombaifthe neimultaneitye sebeiibegl aboghtied and
conbi ned. | his case, the 10 neasurenent contributions .of the diffeéerent
sensor s ar e Tl ISR In bRACYES Ea S AL TIAE 2F 1 AEHAES I medRireiment, o

measurement . ,rd'iéiebtirorﬁ)%ir Qrié‘.‘ﬂiﬁsc'ar %‘nql@smi @ﬁé{i?ﬁéé/EtoCﬁr{eC%é’éétﬁéﬁweH”.
calculating the tracking filter. In order to 1llTustrate the problem it
can be nent objexd. Theprebatility wf énese crieciadreing fulfiled fdrensystemgdfiveensorse to a

i tri > elements, Sinultaneify is 15 al ired in th
502 caseo vt ek §PORNEnE RARIEORAPBRTEN (PHIRE o, s STl COMEST i ng

2bl. Sone fweohheastdhsadvant ages of existing technology are that only an
idea of the measurenment characteristics of the sensor(s) is obtained in
the formof 20 range.and neasurenent accuracy. This is often conmbined with

map dat aba i n.order i [ of t range. of se ystem
"ihe  for bt ahRasiifeh 2z e il ol yet BRI Rt IETER 1Y i Ve
per f or mance th@®imédsure ARSOvaiyss DTS weighed eand ebnited| I this toaeef aen of
whi ch tracking characteristics these nmeasurenent characteristics can be
10 - measurement contributions of the different sensors are added to a vector in
sequence, with the result that a large measurement matrix is obtained which
gives intensive calculations for calculating the tracking filter. In order to
illustrate the problem, it can be mentioned that a measurement vector with n
elements gives rise to a covariance matrix of n> elements. Simultaneity is
15 also required in the 2b2 case, with the problems mentioned above in the

discussion concerning 2b1.

Some further disadvantages of existing techno!ogy are that only an idea of

the measurement characteristics of the sensor(s) is obtained in the form of
20 range and measurement accuracy. This is often _comb'ined ‘with map

databases in order to give an idea of the range of the sensor system, in the -

form of topographical masks and the like. These methods do not give

performance for the sensor system as a whole, for example in the form of

which tracking characteristics these ﬁaeasurément characteristics can be
25 expected to provide. . | |

There is ‘a requirement fo be able to carry out an analysis of sensor
performance for a system of sensors, for planning the positioning of sensors
in--a -particutar area to be monitored. Sensor performancer is normally

30 - calculated and described during design and purchasing. There is in addition
an increasing need:




25 expected to provide. There is a requirenent to be able to zdrdﬁ \owtasan
anal ysis of sensor performance for a system of sensors, for plannlng The
positioning of sensors in a particular area to be moni t or ed. Sensor
performance is normally 30 cal cul ated and descri bed during design and
purchasing. There is in addition an increasing need: 6 - to evaluate
necessary sensor resources (or alternatively, how existing resources are
best to be utilised), in planning an assignnment in which sensors are to be
used, - to match the sensor resources to the situation in question in rea

time; so calltedevalaatd mceeearqhse:gsor- rdsoueses (@t ettemtneelyedtovmfemm bl e
or proposed neasures/ch aptive sensors, both as automa and
RSt e s

manual "deci EENTRHFHE YadD apleRgEY an S VIR

technol ogy a equi rements that are descri bed above cannot be
fulfilled by%’?i@??&%%be%&g&n anal ysi s methods. DI SCLOSURE OF | NVENTI ON
The inventi ontmmaichdhecslemsot h%qmrodast eortial siaalicaninagesstiomain e tices o bed
15 aboverﬁnd %‘eg;s rovi d an anal ysis tool for analysis of sensor

per f or ma "s%?&t’ Yioueiad ors. The invention thus solves anong ot her

things the praqgl 6Ultlﬁfate GRE Cefiédt BE Rl | rabkoposele n%é%h?é’@/éhétﬁj’ésoﬁﬂiance

paraneters, anal ytical perfornmance paraneters, that can provid

measur ement adaptive eensors.dthas autamarttn@nﬂenaouaiﬁ‘deelsm Simpbrtﬁm nt ina 20
gi ven geographi cal area for a system.of sensors, that is when several
sensors "measure" the sane target. A typical sensor in a sensor system of

the abovenenfAhed dixBEvartages adr prdlidusifektis®n OtedtiiRid®t had apser feng to
10 requirements that are described above cannot be fulfilled by previously
"known analysis methods.

DISCLOSURE OF INVENTION =
- The invention aims fo-solve the problems/disadvantages that ‘are described
15 above "and aims tfo provide 'an- analysis tool for analysis of sensor
performance in a system of sensors. The invention ters solves among other
things the problem of “calculating analytically” the system’'s performance
parameters, - analytical performance ~parameters, that can provide
measurement charactenstlcs and trackmg performance at each point in a
- 20 given geographrcal area for a system of sensors, that is when several
‘'sensors “measure” the same target. A typical sensor in a sensor system of
the abbvementioned type is a radar, but the use of the method according 1o
the invention for calculating analyticat performance parameters for a sensor
system can also be used for other types of sensor. The term sensor will

25  therefore be used in the following instead of the term radar.

By “calculating analytically™ is meant calculating expected performance using
. mathematical methods on the basis of known characteristics of the sensors
and the measurement objects, in contrast to calculating the performance of a -
30 real system in a situation -where actual measurements are carried out. In
cases where there are random phenomena, firstly effective values for

characteristics/performance and secondly spread measurements for




the invention for calculating anal ytical performance paraneters’ABr2086
sensor systemcan al so be used for other types of sensor. The term sensor
*will 25 therefore be used in the following instead of the termradar. By
"cal culating analytically" is neant cal cul ati ng expected perfornmance using
mat hemat i cal . met hods on the basis of known gharacteristics of the sensors
and the neasurenent objects, in contrast to calculating the, perfornmance of.
a 30 real systemin a situation where actual neasurenents are carried out.

In cases wheasationsr eraued r ted affaetienonsioes big stdigulgictie cinaigicdiy). uTdef or
characteri stiﬁs/ erfo[ mance ?Qr;gasecon_dl y_spread nmeasurenents for JAN 2006 7
vari ati ons afbecHye Nalusr 1% qalquiated) ueisgafosmuiae: whiel erangregented iy . thene

effective va ' | e’ | . in the
fol |l owi ng teiﬁﬂ@mﬁﬁ%&%@é’g&ﬂg@ P%?""Etebng{agﬁéi@#@r@ ﬁe@t@%% é@%}bg{érbar aneter.
5 The problem of sensor systens according to previously known technol ogy

consi sts ar%éé of {?he fact that the sensors can have varying neasurenent
charact e st 1 2€,PrOR§ &f (SESF Syslemn aEsHgING: i Rrevdoysly eoiinteshReiogyn| v

o a0 vencdi@8tpRay R (iradl st b bR TR ERORE MUSK JoRGersur T ace

(volune) that t sensor systemis to noni entron thus
consi sts of eharactesigti€srarxh parthl ghcaictlabhg fiackimgaperiorsnarice sansrdy for a

performance for syste f .sensor,s,, which method co i ses_ anal yti cal

cal cul ation %‘F’ea?gré%&??[&&ﬂ @%OSCEH%%@WP%HEFfP"B?\'&‘?%@Y%%F‘?tSI‘E@CQRVO'é poi nt
(for the purpEstfe §bndrlsgulath ivRD mBAKGVeEr, a raster of points is 15
selected in practice) in"a given geographical 'area. The nethod conpri ses

obt ai ni i performance paraneters from Ns sensors that are in the system
E‘_\The et hod arhe ﬁﬁ@@rﬁiohothhgecoin@l’s sntoif nmie?hoccp ?or'ras(frtl %Ha y%uds f.orc]ﬁ tfc?r‘f’%r;na!ysis of -
‘ sensor performance for a system of sensors, which method cdmprises
analytical calc'ulati,on of a sensor system’s measurement characteristics at
each point (_fo:" the purposes of ca?culation, however, a raster of points is
15  selected in practice) in a giveh ge’ographic;al.'éreé‘. The method comprises
obtaining performance pafémeters frdm'Ns'sensors that afe in the systém;
The method according to the invention is characterized in that: |
- a set of analytical performance parameters for the system is calculated by
the performar_ice parameters being fused irrespective of thé different
20 meaéurement characteristics of the sensors in the system‘with regard to the
given performance parameters and in tﬁat;
. - the analytical parameters are used in the analysis of the performance of the
sensor system. | | |

25 Obtaining performance parameters comprises o¢btaining performance
parameters comprising:
- Pssi = detection probability per scan (the subscript ss refers to single scan)
at a particular point for targets with a particular target area for the sensor Ng
= |

30 - R; = measurement accuracy expressed as a covariance matrix for the
sensor Ny = i; |

- Ti = detection time for the search area of the sensor Ng =1, and




- a set of analytical performance paraneters for the systemi 2éa\dé[‘f| 484
by the perfornance paraneters being fused irrespective of the different
20 neasurenent characteristics of the sensors in the systemw th regard to
the given performance paraneters and in that: - the analytical paraneters
are used in the analysis of the performance of the sensor system 25

Obt ai ni ng perfornance parameters conprises (btaining perfornmance
parameters conprising: - pss,f = detection %robabl lity per scan (the
subscript ss refers. to single scan) at a partl cul ar p0| nt for targets
with a partlcul ar tar t he sensor [ R, = neasurenent
accuracy exprid a@%ab@@@rfﬁ%ﬁ@éafm ra ?‘?ﬂsotri%ﬁ bensor Ns=i; - T; =
detection time for the search area of the sensor Ns =i, and 2 4 JAN 2006 8
- pfa,i = the probability of false alarns for a sensor N. = L The

cal cul ati on Tdtfe teaicdlationt péathe panalpticedn peripananes e pararoeiers seempnses

S compri so tRETI aSAEh %35@3’5 O ARSI, fhmogfliatoRd o

5 comprise the formutae:
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5 (7-8) where Ti, T, pssj, N, R and p a,| are the analyiilcdiN 2008
performance paraneters, el 10 where Ns stands for the nunmber of sensors in
the system and where the subscript j stands for "joint", that is

. resulting. The neasurenent error covariances are described here in a common

Cartesi an coordi nate system. The resulting first covariance matrix, Rf

for 15 measurenent errors for the sensor systemis cal culated using a
method that differs fromknown methods, wi®h the difference that according
to the invention the contribution of the individual sensors is to be

wei ghted by p,, see equation (7-6). 20 The anal ytical parameter p; refers
to a weighting neasurenent for ffie contribution to the system of each
sensor in the system consistin g?f the 2 4 JAN 20& 10 effective
measurenent rate, 1 , f thezserser Ns = i, being divided by the Ter

anal ytical paraneter "efféctive asurenent rate for the system, T . The
8, weighting by p; neans that t#eg;cal cul ations of the analytical
performance parameters for the system are independent ofﬁtg act ua
variations in the 5 nmeasurenment processes of the sensors in the system for
exanple pss,, which is the detection probability per scan for targets with

a particular target area for the sensor Ns =i, the neasurenent rate T or
the actual geonetric f relationship of the nmeasurenent object to the
respective sensor. This neans ' -1

_ N '

§ -1
Ri=1 L #k,
i1=1
(7-7)

. N

: Ny T '
L, = - T

Pla,j= Z, A

(7-8)

1 - ,
where T, T Pssj i, Rj and prs; are the analytical performance parameters,
ef - - . . ) .

10 where Ns stands for the number of sensors in the system and where the
subscript j stands for ';joint", that is resulting.
The measurement error covariances are described here in a common
Cartesian coordinate system. The resulting first covariance matrix, R, for

15  measurement errors for the sensor system is calculated using a method that
differs from known methods, with the differenc.e‘that according to the
invention the contribution of the individual sensors is to be weighted by p;,
see equation (7-6).

20 The analytical parameter u; refers to a weighting measurement for the
contribution to the system of each sensor in the system, consisting of the




‘that the i'nvention has solved the probl em of analyticallygcghﬁﬂhﬁmhgg 10
performance for a system of sensors with different neasurenent ' )
characteristics with regard to the given perfornmance paraneters. The sensor
system can thus be regarded as one sensor for specified anal ytical ’
purposes. In the description of previously known technol ogy, it was
mentioned that 15 fusion of the neasurene according to 2b and equati on
" (7-1) are applicable provided that the conditions for sinultaneity are
fulfilled, which is itself unrealistic, for which reason such nethods are
not applicable for calculating thg performance of the sensor system
.accor di ng t@fediyej measuregient fat%afdj fag the samsorbbve ), heing slivideg bythene
equation (7-7) in order to weight tthe 20 contri bution of the sensors and
make possi bl e fusion and cal cul ation of the performance of a sensor
system Wienamdigtical iparametdrt ‘@ffective meanigehmind rattafesthepsystein” and. The
equation (7-1) wll be applicable, however it should be added fhat the
equation (7-1) can only be used when there are no deviations between the
sensors in negightisgedit 4 seansdaddhpoealewations &fithei aralylical pariormange

di stance to 6%%{1{%%%?%‘?%@3 L Chre %ﬁ%ﬁbgpﬂgy the AHM f\)s’aﬁatggh% die ntthhge

case of a-tar s I'n é-vicin Sensors

sensors, & . mebsusEntPbdsseistdf theensome inehé aystent, dor skarplei g, pivhichi pl e
i nvol ves the use of one sensor.. 2 4 JAN 2([6 11 _According to the

i nvention, iipribgsiatestinn Brobakdity er sran fer igeptonMitl R padicUadargRd A6as it
I's possible to conbine the sensors' neasurenent values by each sensor's
det ecti on tifoe,théi serser nls & i thed mgasuremehk raqu; on e cohpd rgavarsetrighi ch
spread the nmeasurenents equally, which neans that'sthe 5 neasurenent val ues
are conbi ned

t. the. co n._.created nomen f tinme .for th i [
component & ptansgin g IneasReRien i o he i it R gehssr. Thi¥ means
that the invention has solved the problem of analytically calcuiating
10 performance for a system of sensors with different measurement
characteristics with regard to the given p‘erformance parameters. The sensor

system can thus be regarded as one sensor for specified analytical purposes.

In the description of previously known technology,‘ it was mentioned that

15 fusion of the -measurements according to- 2b and ‘equation (7-1) are
applicable provided that the conditions for simultaneity are fulfilled, which is

itself unreé!istic,‘ for which reason such methods are not applicable for
caldulating the perfdrmance of the sénsb_f 'syétem' _acé;o‘rding to the invention,
According to the above, u; is used in the equation (7-7) in order to weight the

20 contribution of the sensors and make possible fusion and calculation of the
performénce of a sensor system. When there is simultaneity, in certain
cases, 4= 1 and the equation (7-1) will be applicable, however it should be
added that the equation (7-1) can only be used when there are no deviations
between the sensors in measurement rate, detection characteristics or angle

25 or distance to the measurement object. The only way to achieve this in the
case of-a-target that is in the-vicinity of the sensors is to. put the-sensors.at

the same point with the same performance, which in principle involves the

use of one sensor..




behavi our of each sensor, with an increase in the variance of NG i;ansps
a result. By neans of the said nethod, the problemof sinmultaneity an
_synchroni sation is avoided. 10 The nmeasurenent characteristics of the
sensor systemare estimated by reading off all the analytical perfornmance
paraneters cal cul ated. for the system T, Pssj, p, RJ and pfe,1. It can be
mentioned that through its TIf different elfenents in the matrix, the
covariance matrix, Rf, corresponds to the 15 nmeasurenment error in, for
exanpl e, the position of a target or measurement object, in relation to a
sel ect ed syshesardingdh theseventiosy uwsnm:rhrvemfplnefpesﬁ:bhwr ;ae;@rﬂmean‘t e

di nat t but SO t her st emthat is itable for the
pur pose. 20 SSORiIY PoEIPIS I SARbiE Pecsansoradrgesamasttopns by ¢ E scan
for target S YrisBr's *ASEtidrcinal 71 HR) dRIRR @ lﬁtopﬁ% téquﬁl ﬁfn g? r'léhttshe

sensor system The invention also consists o chlat ng
tracking perwbicharapfead orthehemesauremenist exnualips h\Mhmh gmﬂﬂnst attgét thpat hs

and al so els I 25 whol e n area. The cal cu at i escri bed
Sbove of 5 napasunb iR Al A2, BbifeH o He Rbffnod SEadiad Fo RrbRf 16 |
has not prevopuhkytieetompesintd. el ahsahayl adre éd&a?é agkop@iks froF pace for
a systemof sensors analytically, unless- the simuitaneity condition was

fulfilled: - TRbaviow &l eash sensor, Witfeandeereage dathauvaniancsi ohis in ﬁﬁesgasaem s
"stati onary"y, | wdynand ¢ ct eri,stics
using the salegmfor%&u éaﬂs 3’? tﬁkl %%@ fgeq'éé hliéﬂggp% " SIS P yyand

characteri stsynshrmlsmi@lmtlstalvatdea filter's stationary state is calculated at

each poi18t over the area, that is identical measurenents
The measurement characteristics of the sensor system are estimated by
reading off all the analytical performance parameters calculated for the
1
system, 7}, T Psss u,, R; and pp; It can be mentioned that through its
ef .
- different elements in the matrix, the covariance matrix, R;, corresponds to the
15 measurement error in, for example, the position of a target or measurement
~object, in relation to a selected system. Such a selected system is preferably
a Cartesian coordinate system, but can also be another system that is
suitable for the purpose.

20  The analytical parameter pss; = detection probability per scan for targets with
a particular target area at a particular point in the sensor system,

The invention also consists of a method for calculating tracking performance

for the sensor system, both for given target paths and also generally over the
25 'whole given area. The calculation described above of the “fracking

performance for a sensor is already known, but it has not previously been

possible to calculate the tracking performance for a system of sensors

analytically, unless the simultaneity condition was fulfilled.-The invention can~

be used to calculate either the system’s “stationary” characteristics or the
30 system’s “dynamic” characteristics using the said formulae. -




are carried out over a period of tinme until a fictitious sté’tiodh@q;?ﬁ%ate,'
a quasi- stationary state, is attained at the point in question. By the
systenis "dynami c" characteristics is neant the systenmis characteristics
given particular target speed and target course. According to the

I nvention, the systemls dynam c characteristics are obtained by parallel
target paths being generated over the area’land a filter being applied to
these 10 target paths. The said filter can be di nensioned according to
various ‘forecasts concerning the nmanoeuvring characteristics of the target
in order to By thesystendstsationsneé mheragieristiop is sneanichat arfiier sisteliognatyai | i ng
condi tions. sui table filter.for ft i | .S ' < but

t here can beéaffen'érc ﬁ;lfl'?tgpsét %%Qtpoé?te&%ﬁitlﬁ%gfgeé’?@?t '? ﬁ%ﬁbgﬁ’{é P%ef'l'%eﬁ%qt?‘he

sai d formul agreat=Rritd @it boEr 8 Pepivbasfitige URE drdelitivuenstatioredrarstate pa iqelases  of

t he sensor system and the anal ytical performance paraneters are used for

cal cul ati ng $tatierarygtates isorthained af Hie poiat BGUEHO8ystem in order to

cal cul at with a filter the sensor system s tracking performance for
tracki ng “neasured 20 objects. The filter for the systemgives a second
covari ant neByi xthe P,system’s i Wlynasde ofHarastesistcy ais ameantatthe x sybtsm’s

I ndi cates the sensor system s tracking accquaCé at %ach é)oi t in a 8i ven
area. The el @hAsteristics alves-particelaprroet shesd FAd daragt SoRrse AGCordipg.t

variances, ffio USRI HBISARERS GndifR! zg%aggétefssﬁ&esf&oamh&cs |iraélons.

25 Based on t's that are obtal ne nmeans of the trackin
per f or mance tadgstqrathe bealgpgeneratetiovarthefare and ct filidrdiding applied teetneget em

Can oM R, e ol THE 3 okl (SR iSRS B,
can be trackgfac#s codferning the manoeuvring characteristics of the target in order to
'illustraté the system’'s ability to track under the prevailing conditions. A
suitable filter for the invention is a Kalman filter, but there can be other filters
that are suitable for the invention. |
15 . . _ .
The said formulae are used fof calculating the measurement characteristics
of the sensor system and the analytibal performance parameters are used for
calculating tracking performance for the sensor system in order to calculafe
with a fiiter the sensor system’s tracking performance for tracking measured
20. objects. The filter for the system gives a second covariant matrix, P, which is
read off as a covariance matrix that indicates the sensor system’s tracking
accuracy at each point in a given area. The elements in the said second
covariance matrix, P, refer to variances, for example variances of positions,

)

speeds and accelerations.

25
Based on the results that are obtained by means of the tracking performance
described above, a number of characteristics for the system can now be
described, such as, for example, tracking accuracy, risks of conflict with other
-targets or false alarms, the number of targets that can be tracked, etc.
30

A great advantage of the method according to the invention of analytically
calculating tracking performance for a sensor system according to the above,




i -~
A great advantage of the method according to the invention o@ %n&fi/tdﬂ%l'l y
cal cul ating tracking performance for a sensor system according to the
_ above, 2 4 JAN 2006 13 is that the sensor systenis measurenent
characteristics are defined at each point in the space. The tracking
characteristics for the systemcan thereby be calculated by using only one
tracking filter for the sensor system whigqB differs from previously known
technology in which a filter for each sensor is 5 used. As the neasurenent
characteristics of the sensors are ideally stored together (all the
measur enent sisdhat theexBnsan siysteam’s mmsssmembnac}nmdectamstlbs arevdgfined at lsach

bl f ft t f the d f
Phe sencor - SYADbMIGS ABacty LhE FEcKg SRt deieioedD) B RLStaBeRD GrhBLben °©
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tracki ng procedure by the utilisation of "a cal cul ated measur enent rate,
T ,the det ectiffers iﬂbmbraﬂ@lvlqusw kpsen techrelegdyeinpwblshba If:iteyforoeach semﬂcr{es al arns

pfaj, f the r ‘systemtogether w.t ov anal Th ul at ed
easur endht SR A o ERSARERfthctablics BE e saheeCars; nadfy pihed

anal yti cal Ft@géméfr‘?éll the méBsGRnidts e LiSed ) en fRA i8 HIsWobidited Wthtsma§ earch
area of the sensor systemat a particular given point. This nmethod can be

used to det e?fiha@osableipedemantcerefithe senpot systemher e al ong a particul ar
target path the target is detected for the first time. Wen tracking a
target, it is also inportant to know t he detection criterion in order to

know when t rBgkirieginss dfotizd deserion. ofheéhslebgrssrorsyetdrh® irRBagineateran
acceptable | evel . for the nunmber = of detections per number of attenpts to

det ect a& arqj‘@ractpﬁsiimﬁ 3s aheec ti isrpossible to calculate probabilities for various
[ events that affect the tracking procedure by the utilisation of a calculated

measurement rate, ; the detection probability, Pss; and the probablltty of
f

false alarms pg;, for the sensor system together with Markov analysis. The
Ca!cula_ted .n'ieasurement féte, Tl consists of the reciprocal value _of the
15  analytical parameter, ' T;, which refers to the .searching time for the search
area of the sensor system at a particular given point. This method can be
used to determine the detection range, that is where along a particular target
- path the target is detected for the first time. When tracking a _targe_f, itis also
important to know the detection criterion in order to know when tracking is to
20  commence. The detection criterion gives an acceptable level for the number
of detections per number of attempts to detect a target. In this connection, it
is also interesting to know the capturing range, that is where in the target
path the capturing criterion is fulfilled, and corresponding termination criteria,
that is where and when the tracking is terminated. ‘Al these cases can be
- 25  evaluated analytically on the basis of the method according to the invention,
utilising the measurement rate for the system, the detection probability and
the probability of false alarms for the system together with Markov analysis,

according to the above.




Is also interesting to know the capturing range, that is whet d Ud it R&5
target path the capturing criterion is fulfilled, and correspondi ng
termnation criteria, that is where and when the tracking is term nated.
Al'l these cases can be 25 evaluated analytically on the basis of the method
according-to the invention, utilising the neasurenent rate for the system
the detection probability and the probab|I|4ty of false alarns for the
system together with Markov analysis, accordl ng to the above. 2 4 JAN 2Q i

14 As t d a ls di to. th t
L8, 1o et SR ARYSH Ao S AsORR S SO i Rt HiS%1 ng =
filter for 4R Sehééﬁg é’t%@ﬂfe@%&ﬁiﬁqéﬁt'&Far&éteh@ﬁcsﬁﬂ%ut thefféfr the

calculating a filter tracki ng characteristics, cal cul at ed
effective rrémlﬂmharaqeﬂstlcs pbthg sensosysystemi Fant caxlcsiaﬂng whifiller efof ect i ve
measurenent rate is a formof averaging of the measurenent rateg of the

Sensors in tthgking thataetaistids nthe talctlated effettivid éadlremést @@d,ecti Ofor
probability, pj,ss, then becones equal to 1 for the system Thé',eeffectlve

measurenent rate is used to elimnate random errors in the system that is
di f f er enbes the fysieoy derewfilisedt evhight efectiye nreashisementrpty iigsa (fgemeofi on

v acking chianariaipseiad et s o b SonSORaN BT R ighesird

neasur ement tehhe deintuilag7i3)s Therdetdetionypriodabiity, 3£0s Heh bddurfies aquiktocarri ed
15 out according to the_invention both for given target paths and also for

descri bi ng daatesysteat iThe offedtive measiremsan aatealﬁeesqdotp sjtmipate) ranpdesn
tracking perefr%@i'ﬁcﬂ'né)f Eib?nsﬂitibiofsﬁ @%é&aﬁh &lrsmeﬂi%tef(%et%cﬂﬁe“

target path & CovariAnce he predi¢tion error (error
" forecastlp characteristics (detection probability, etc) or angle or - distance to the

measurement object.

The tracking characteristics are then calculated on the basis of these
measurement characteristics for the system of sensors. This can be carried
15 out according to the invention both for given target paths and also for

describing characteristics within a particular area (or volume).

The tracking perfdrmahce of the sensor system can be calculated for a given
target path. The covariance matrix for the prediction error (error in forecast)
20 of afilter, for example a Kalman filtér, can also be used to evaluate the risk of
tracking being confused with false alarms or other targets. In order to
describe thé sensor system's tracking characteristics in an area, the following

steps are carried out according to the invention:

25 1. According to the invention a user can either choose to calculate tracking
characteristics for a particular target path direction or to calculate the tracking
characteristics using the previously described quasi-stationary state. For
certain target paths, targets are generated on straight paths, at particular
intervals, from a selected direction. For these tai‘get paths, the tracking

30 characteristics are calculated that are intended to be illustrated. Methods for
carrying this out can be read in Reference 1. Certain tracking characteristics




20 of a filter, for exanple a Kalman filter, can also be usédﬁggwg%ﬁguate
the risk. of tracking being confused , with false alarms or other “t'al gets.
In order to describe the sensor system s tracking characteristics in an

- area, the followng steps are carried out according to the invention: 25
1. According to the invention a user can either choose to cal cul ate
tracking characteristics for a particular1%grget path direction or to
calculate the tracking characteristics using the previously described
guasi-stationary state. For «certain target paths, targets are generated on

strai ght paths ddbeRdéAt GHbﬁLthei %grgaé Sof ftﬁé’!&bfqe‘ieb%tﬁ@ e {cPrtpﬁFor

t hese target paths, the tracking aracteristics are calculated at are
i nt ended t o Meapliingsenranss. Mt hods for carrying this out can be read in
Reference |I. Certain tracking characteristics 2 4 JAN 2006 15 are dependent
upon the direction of the target path in relation to the neasuring

sensors. 2-‘2.%@?@&@@:& Upem thB erde@fraiiei® M rid/en O fapioBa il tih%afr%glﬂngt he

tracking _ characteristics can now be selected to be represented
t hr ee- di Pens¢haiacterighicsoean pawebe selesterbiqbe represtinted byrtbpreediemrsionad val ue

of the char I SEA of. .l he sele d.area, with "|eyel curves” r ki ng
t he areas vﬂébggtﬁ‘seuhge]earg'cet eﬁ?@ﬂ cgéﬁﬂqutg 'Jgpfeéﬁﬁtscoﬁ}ﬁ tY%H@ cﬂf \rﬁ?h a
si ngl e nunerdharastalisic)oyf tHee selRatelr besa, Shith S Vel RErvaY eaAlieg 1y edrehie

sel ected area. 10 For adag%l ve sensors, the neasurenent rate i s not known

in advance, Wiere thepehamciasisiics Helfihnesain sondiiegster with apunginooumede
SEneon | o Y S e LR ol SheBHATRR, oo o
such serfors, or -15 system of sensors in which such sensors are inclluded,
i_can be - For adaptive sensors, the measurement rate is not known in advance, but
depends upon the number of targets and upon how the sensor's time is
divided between different tasks, for example the sensor's search frequency
_ can be changed. According to the invention, a systém of such sensors, or
-16  system of sensors in which such sensors are jihcluded, - can be

- analysed/described as follows:

1. Measurements of the search function and tracking function are defined as
separate “sensors”’, as above, and they are combined according to the '
20 technique described above according to the invention. As an example, it can
be ‘mentioned that more sensor resources can be applied to already
established targets, which in itself involves control of the sensor's resources
depending upon requirement. |

25 2. In addition, each adaptive sensor is described by a function for
determining how the sensor's resources are to be uséd and for ensuring that
the two “sensor models” according to pbint 1) are connected in the sense that
they share the sensor’s resources.

30 3. A sensor system's combined adaptive capabilities can be analysed by the
system’s measurement characteristics being determined in the way that was

described above. In the same way as for a single adaptive sensor, the effects




anal ysed/ descri bed as follows: 1. N@asurenents of the search functhommgd
tracking function are defined as separate "sensors", as above, "and t hey
are conbi ned according to the 20 technique descri bed above according to the.
i nvention. As an exanple, it can be nentioned that nore.. sensor resources
can be applied to already established targets, which in itself involves
control of the sensor's resources dependi ntBupon requirenent. 25 2. In
addition, each adaptive sensor is described by a function for determ ning
hom1the sensor's resources are to be used and for ensuring that the two
"sensor nodelo§"a a@cjectedngzsﬁndatﬁmmtbeiwe@n etheo$8B80R BYiSteraBe seansbingt md t hey

share the sepso. s « urces. 30, 3. ste P

capabi liti est'@gkmge ta%%ﬁ y%aer n&yv t%eSﬁb‘gﬁs? sur‘@ﬁlegg)ccgﬁcgngqﬁ | st ics
bei ng det er mimemtibA, héRbysy shbah Wthéiee‘@dwb@si cab e divided betwasdietheny as
for a single adaptlve sensor, the_ effects N 2'36 16 of a selected

di stri buti onSBasaScn 2 tRlitgbleswiays Joiscin Masieapessibly by dhe tinventiongmakingk s
b | b
be-'shown RowPERAbIS. B, 3pkE' Eduigtofi?et 4B BefudBrtthe, oF LoeCUABK RensST <Y

sui tabl e waysya'tbrrs, whichidwhaois gb ecodiimitée. | nventi on maki ng possi bI e a
sinple calculation of the characteristics of the whole sensor system
which is what is to be optimsed. 4. The invention is particul arly suitable

for showi ng hh%h%e{?(@ﬁﬁ@ﬁ%e R% J]ﬁ%@%g S0P %HEW Pﬂ'hé'ﬁ’cb oPain

certain target paths are e |nvent| so be used for
showi ng t he aﬂiapWessmﬂsc&lsiystemn,@mn that@adam’eagétmaigs gra'generahm‘t i cul ar
t racki ng 8ual ity, given that a particular target
The invention can also be used for showing the effects of all targets in an
area being given a partlcular tracklng qua!uty glven that a particular target

density is specn‘" ed.

' 15  For so-called passive sensors, where the target's distance cannot be
measured, the procedure is carried out in a corresponding way to that
described above. For calculating the performance for given target paths, the
known position of the ‘target is used. For calculating the general
‘characteristics of the sensor system, the meaédrement characteristics are

20 determined, as described above, at a number of points in the area. The
difference from the case with the active sensor is that in unfavourable
geométries'the description of measurement errors by a covariance matrix as
above is not sufﬁcient.‘ The invention is thereby well suited for use of

~ techniques described in Reference 2, with, for example, multiple Kalman

25 filters or extended Kalman filters. |

‘As an example of the advantages of the invention, it can be mentioned that a
management centre can continually make forecasts of a sensor system's
performance and respond to queries such as, for example, “What happens to
30 the system's performancé if we move a sensor from one position to another?”
or “Which sensor resources are required at a particular position within the




density is specified. 15 For so-called passive sensors, wheré& t,heAtiati§et' s
di stance cannot be neasured, the procedure is carried out in a
correspondi ng way to that described above. For cal culating the performance
for given target paths, the known position of the target is used. For

" calculating the general characteristics of the-sensor system the

measur enent characteristics are 20 determ ned, as described above, at a
nunber- of points in the area. The differemge fromthe case with the active
sensor is that in unfavourable geonetries the description of neasurenent
errors by a covariance matrix as above is not sufficient. The invention is

t her eby wel | rapigt 6f th@rsydssm h ofcRshfor dhes sgeisrT itb eshven aReliffitiends Righwi t h,
for exanple, multiple Kalman 25 filters or extended Kalman filters. As an
exanpl e of t¢RPasHyY ahthgeyepfoeation?vention, it can be nentioned that a
managenment centre can continually nmake forecasts of a sensor systenis
performance and respond to queries such as, for exanple, "Wat happens to

30 t he syst efthsthpeekampinohow the immrtion canb®uskdaswies thers hreomabdie
anot her?". or "Wich sensor resources are required at a _rticu#lear tEosition

t
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i n the syst esgnsohs.dh thiscaaectharinventiarnean respontitowhedhérclhe mokile pemdar nance
of the system dependin on their positiqgn in relation .to other sensors.
Tn thi s oasda R AR 1Mo Deeauired b HoPREET 15 P BRI can
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10  characteristics at a particular pointorin a particuiar geographical area.

Reference 1: Kronhamn T.R., “Surveillance Performance”, Radar '95, IEEE
- International Radar Conference, 1995, Washington, USA.

15 Reference 2: Kronhamn T.R., “Target Range Estimation-with Cooperating
~ Airborne Passive Sensors”, Radar '97, IEEE international Radar Conference,
Edinburgh, UK, 1997. - '

Reference 3: Gan Q.; Harris J.C.,, "Compariso'nof Two Measurement Fusion
20 Methods for Kalman-filter Based Multisensor Data Fusion”, IEEE Trans. on
AES, Vol. 37, No. 1, pp 273-280, Jan. 2001.

DESCRIPTION OF DRAWINGS | ‘.
The invention will be described below in greater detail, using examples of

25 embodiments and with reference to the attached drawings, in which:

Figure 1 shows a flow chart of a. method according to an embodiment of the

invention.

30 Figure 2 shows a device for the use of a method according to the invention.




needs to be redirected in order to strengthen the sensorzsya‘;ﬁé&ﬂ?%ﬂﬁlo
characteristics at a particular point or in a particul ar geographical area.

Ref erence 1: Kronhamm T.R, "Surveillance Performance", Radar '95, |EEE
I nternational Radar Conference, 1995, Washington, USA. 15 Reference 2:
Kronhamm T. R, "Target Range Estimation-wi th Cooperating Airborne Passive

Sensors", Radar '97, |EEE International Rad@ Conference, Edinburgh, UK
1997. Reference 3. Gan Q, Harris J.C., "Conparison of Two Measurenent
Fusion 20 Methods for Kalman-filter Based Miultisensor Data Fusion", |EEE
Trans. on AF§ure/dl sh@¥s aNsketth qfprapga-a8bjargeh paﬁoemcom IPTE\(TAUSW
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whi ch: Figurgqsb §h9»ﬁdﬁfefré%69§urbnséntaate@et hod according to an enbodi ment
of the invention. 30 Figure 2 shows a device for the use of a nethod

according to the invention. 24 JAn 2006 18 Figure 3 shows a sketch of range _
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measur enent ihalvﬁ:ﬁJal%eﬁ*sQ#sr&dbr&'h@Vﬁ) lalgdr@gr %ﬁd@ﬁe@ilflgfs‘ela\f(ﬂ'nﬁ@mméﬂ o, times,
T91, for threé individual sensors according to Flc?ure 3, and effectlve
i

sear chi ng tiareordimgjto th%tlfb’@ﬂ&lﬂﬁéo'tiblets’ﬁé"SPh%ﬁ?Wb@i Herenh §mesnope taeatem at
Eveco venrs e ReBhES oL Chart for a method according to an
enbodi nent of the :
10 ALTERNATIVE EMBODIMENTS _
Figure 1 shbws a flow -chart for a method according to an embodiment of the
invention. ,';I'he method is intended to be used with an analysis tool for
analysis of sensor performance for a system of sensors. The method is
preferably intended to be used for radar, but can also be used for other types
15  of sensor, for which reason the more general term “sensor’- has been
selected in the following text. The method 'comprises analytical calculation of
a sensor system's measurement characteristics at each point in a given
geographical area, which method comprises:
- obtaining perfo'rmance parameters 1, 2, 3 from Ns sensors that are in the
20 system. in order to fai:ilitate the descfiption of the invention, Figure 1 shows
performance pararﬁeters 1, 2, 3 being obtained from three sensors 11, 12, 13
that are in the system, but the system is, of course, not limited to this number
of sensors. The method is characterized in that:
- a set of analytical performance 'parameters 5 for the system is calculated 6
25 by the performance parameters 1, 2, 3, being fused 7 irrespective of the
different measurement characteristics of the sensors in the system with
regard to the given performance parameters and in that:
- the analytical parameters are used for analysis 8 of the sensor system’s
_ performance.
30
The result from the analysis 8 is presented 9 to a user in a suitable way, for
example via a display or a printout. The analysis depends, in addition, on




i nvention. The method is intended to be used, with an anal ¥sé sJ4ba00G or
anal ysis of sensor performance for a system of sensors. The nethod is
preferably intended to be used for radar, but can al so be used for other
types 15 of sensor, for which reason the nore general term "sensor" has
been selected in the follow ng text. The nethod conprises anal ytical
cal cul ation of a sensor system s neasurenent characteristics at each point
in a given geographical area, which nmethodSonprises: - obtaining
performance paraneters 1, 2, 3 fromNs sensors that are in the 20 system
In order to facilitate the description of the invention, Figure 1 _shows
per f or mance WaiEB g pEanalysis the yephipastyesi Aseupleonh difiewat aaglyses wiltbe 12, 13
that are in j t: emis, of course, not limted to this
~ nunber  of §%%§g%§alﬁﬁtenékﬁégﬁﬂéy@%aracterized inthat: - a set of

anal ytical performance paraneters 5 for the systemis calculated 6 25 by

the perfor ce paraneters 1, 2. 3, being fused 7 irrespective of the
di ff er ent @% Lhegmﬁﬂse(%a& Haest the cembirng abthecbrrfrraance prrag\piesh. v t h

regard tgt @a &Eﬂg%%ciigﬁggﬂgﬁs@@gﬁt\ﬁﬁcéﬂméﬁen&hat . - the anal yti cal

paraneters are used ySI's e sensor systenms performance. 30
The result fromthe analysi.s 8 is presented 9 to a user in a suitable way,

P il oot R B e S 4 e Bl oL dopends: 1
Tberng fused" b AR Tballly pofscdt R ARRE, WS BRMRLIATERIG REa0) B
3, of the rdeopthesansosdisolis by neans of cal cul ati ons.
10 - Ry = measurement accuracy expressed as covariance matrix for the sensor
Ns=1i;
- T; = searching time for the search area for the sensor Ns = i, and:

- Pra = the probability of false alarms for a sensor.
15 The calculation of the analytical perfbrmancerparameters 5 comprises

calculations on the basis of the performance parameters 1, 2, 3,‘ which
calculations fuse the performance parameters 1, 2, 3, by use of the formulae:

-1

N.
7 =| 51
Jo|E
(7-2)
20
y NSP
_j_:-—:: Z SS,II'
g ]:] Tr'

- (7-3)




The performance paraneters 1[ 2, 3, each conprise: - pss,; ?éﬂ@%@ﬁ?ﬂ%ﬂ
probability per scan for targets with a particular target area for the

sensor Ns =1i; 10 - R = neasurenent accuracy expressed as covariance
matrix for the sensor Ns=i; - T, = searching time for the search area for
the sensorr Ns =i, and: - pfa,; = the probability of false alarns for a

sensor.. 15 The cal cul ation of the anal ytical perfornmance paraneters 5
conprises calculations on the basis of thegperformnce paranmeters 1, 2, 3,
whi ch cal cul ations fuse the perfornmance paraneters 1, 2, 3, by use of the
formulae: 77 20 3 N 2: ;; =l ?1 (7-3) 2 4 JAN 2006 - 3 T of |I 20 (7-4)
(7-5) 5 (7-n) ?w i

I
psx,j“T ’

ﬁy {7-4)
I . Ijsai
T, T,
| (7-5)
5
o
Hi = 7
-} | :
(7-6)
N 1 -1
.Rv = izg.;sf% |
10 | (7-7)
N

‘-p;;:i
.= Y
Pta, j 2 T
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(7-8)




101 1 Pfa, j =a TLT(7-8) 24 AN N, 66 21 where T, T, psZsh-tAf 0%
and pfa,i conprise the analytical performance e, paraneters, where Ns
stands for the nunber of sensors in the system (here Ns 3) and where the
subscript j stands for "joint", that is resulting. 5 The anal yti cal
paranmeters can be used for analysis of probabilities for different events
that concern the tracking procedure and are&ical cul ated by wusing a
cal cul ated nmeasurenent rate, , the detection probability, pssj and 1 the
probability of false alarns, pfaf, for the sensor systemtogether with

Mar kov anal ysj

2 _
IR G AL S e e e R

bei ng cal cul at ed by u§’| ng the calculated effective nmeasurenent rate, -i

for the syst ﬁérﬂan:l—étérsl@vﬁ'a?é NféfénHfoBP{r%en@hBeHé?Qer%rQ% e §§(§eﬁhﬁhe‘i’6”30r
system s neasurement characteristics 1n order to calculate Wwth a filter
t he sensor skilst=ed) and whete tig sybsctipt hstacds fosjoints dhaig rasdting.ed obj ect s,

and in order that - the filter for the systemglves a covariant matrix, P,
which is read off as a

5 The analytical parameters can be used for analysis of probabilities for

different events that concern the tracking procedure and are calculated by
using a calculated measurement rate, —_:_— the detection probabiﬁty, Pssj and
; _
the probability of false alarms, py; for the sensor system together with
Markov analysis. ' '
10 _
The analytical parameters can be used for analysis of the system’s tracking
characteristics by a filter for the sensor system being calculated by using the

dalculated effective measurement raté; —1-, fdrthe' syStem.
af -

15 The said formulae are used to calculate the sensor system’s measurement
characteristics ih order to calculate with a filter the sensor system’s tracking
performance for tracking measured objects, and in order that
- the filter for the system gives a cd\}ariant matrix, P, which is read off as a
covariance matrix that gives the tracking accuracy of the sensor system at
20 each pount in a given area.

Further analysis of the sensor system can be carried out by the sensoi:

system’s stationary characteristics being calculated by a filter's stationary

state being calculated at each point over a given area, which calculation
25 comprises the said formulae.

Further analysis of the sensor system can be carried out by the sensor

system’s dynamic characteristics being calculated by a filter being calculated




covariance matrix that gives the tracking accuracy of the senddr J&yisP@f at
20 each point in a given area. Further analysis of the sensor system can be
carried out by the sensor systenis stationary characteristics being
calculated by a filter's stationary state being cal cul ated at each point
over a given area, which calculation 25 conprises the said fornul ae.
Further analysis of the sensor system can carried out by the sensor
systeni s dynam ¢ characteristics being cal ated by a filter being

cal cul ated 22 based on parallel target paths of a target with given val ues

f d d ' t] - I
o, Sheed andhagaicieoalibrlGal PR 4P G150, ARATISRYalie SRFdA oo,
fusi on of pechdomsepnbizhrcriculatiar slsaconirisesfithe said fammaldaeng anal yti cal

performance paraneters for a systemis obtained with adaptive sensors,
each of which can be regarded as a sensor system An adaptive sensor- can

thus be r egansiedagtioRs idntdhs @ i nRAAAA! SccdiGRE"E Mo URRIBANSH

adaptive sensor IS a Juste for an ysli's too accogdl ng
to the abBvefusionsed pariefmaabé yphsametetevas ealbave aloal gzalculaitmgalanalyacalon of

the sensor system s performance. Such a devi r .exanple, a
Comput or - whPEHOTaSHS BaTABRIES Tal & PUsforhes DLEEH i et S s sorance
graphi cal Iy éscﬁlowwcrpéaﬁ B8 ragardeel &5 %%@nsl% Sstbm, rmaagpﬁ@e &Y T
information, for exanple the system s detectioh and tracking

probabi l i ti ethUSFbgun’e@aEieds laswseverak diftaread skosonss alapiendingspod oy othéi ng to
an enbodi nent , of the mveaél on,, where the sensor system conprises three

sensors, 21, agﬁptl%sez}?or% Fﬁt@ddevi ce conprises nmeans 24. for conbi ni ng
per f or neqge - - : ‘

The method for an analysis tool according to the above is used preferably by

a device for analytical calculation of the sensor system’s performance. Such

" a device can be, for éxample, a computer, which is also used to display the

- Sensor éystem's perfofmance graphically to a user of the analysis tool with

15 regard to required mformatlon for example the system s detectlon and
' tracking probablhtles

Figure 2. shows a device 20 for use of a method according to an embodiment
of the invention, where the sensor system comprises three sensors, 21, 22,

20 23, and the -device comprises means 24 for combining performance
paramete_rs in the form of measurement characteristics from the respective
said sensors 21, 22, 23. In order for the perform'anbe parameters to be able

to bé transmitted from the respective sensor to the device 20, a means 25 is

used that is suitable fof the purpose, for eXampie an interface, that is a-

25 device that converts signals, for example from analog to digital, in order 1o
make possible digital data processing. The means 25 can also consist of a
device that is used as a summation point of digital signals. -

All the means mentioned in the text refer to devices suitable for the purpose,
30 for example an additional computer unit, an interface or a suitable algorithm
in an existing computer.




paraneters in the formof neasurenment characteristics from tthé ?@%hﬁﬁﬁive
said sensors 21, 22, 23. In order for the performance paraneters to be able
~to be transmitted fromthe respective sensor to the device 20, a nmeans 25
is wused that is suitable for the purpose, for exanple an interface, that
is a, 25 device that converts signals, for exanple fromanalog to digital
in order to make possible digital data pr@&Bessing. The neans 25 can al so
consist of a device that is used as a summati on point of digital signals.
Al'l the neans nentioned in the, text refer to devices suitable for the

pur pose, .30 h%rd@&@rm'éoaﬁoﬁéﬂﬁﬁ omgang oRfufar fusipn, ohthenperfoEBane? a

suitabl e al gprlhafre! By iRl 18 MRS Fory Sohfbublbnd 09023 e iy o

al so conpri on O ormance parane

wei ghting tfmdr@@ag«bmnt 22,023, whidh d@ﬁc@fcotrﬂsmnsreesmeehsw fcﬁ—amicl,ﬂathsg)rs 21,
22, 23, which device conprises neans 27 for calculating analytical
per f or mance aiaidies| Qfagfoqfraan@q]@agamgtﬂrs dorsthenpengar sysimnwhich meags 27

cal cul at gng 1B {;%&h%ﬁbgp%rnfa Ieerp%réu%e]té?hféﬁ’%%mé tem, s

I ndependéent eren urene val'ueS- 0 e sensors 1n the

system for indeperident apidtve \chffereht ansasundrrding fvaliged - aietheusemm imities, on
account of the weightin f thc? respective azrﬂiﬁ sensors' neasurenent

cont ri but i orSYSHHB. R £¥e 3 Q!al"@u'laél@”%@“ Sent H1e35LF¢IHERARIES, on
par amet ef S ]% cb@ht (dtethe %a?é‘igmfncgsﬁtﬁi@ ?Qéﬁl%dtt%% saif R8s A5 NeheddlirBfnt TEANS
28 for ating a covarrance matrix e

vi ce conprises neans 29 for
cal cul at | ng contiibution. ThetracaenT jorstatdating aeaighchmerformaace aagameterar ea.

1.5 The devige #OMREHSSS JEans Sompiites, 2afbng. ol thing$  méarts A" Br

-calculating a covariance matrix.

The device comprises means 29 for calculating a filter's stationary state at
each point over a given area. | '
15 ‘ ,
The device compnses means 30 for calculatmg a filter's. dynamic
characteristlcs on the baS|s of paral!el target paths for a target with given
~values of speed and course.

20 The device also comprises means 31 for presentatlon of ana!ysus results to a
user. Such a means 31 can, for example, be a display or a printer.

According to an embodiment of the invention, at least one of the sensors in _
the sensor system is a passive sensor. '
- 925 . : '
,Accordlng to a second embodiment of the-invention, at least one of the

sensors in the sensor system is an active sensor.

According to yet another embodiment of the invention, at ieast one of the

30 sensors in the sensor system is an adaptive sensor.




characteristics on the basis of parallel target paths for a t@rgﬁ@w,&]&l :
given values of speed and course. 20 The device al so conpri sés dhs

for presentation of analysis results to a user. Such a neans 31 can, for
exanple, be a display or a printer. According to an enbodi nent of the

I nvention, at |east one of the sensors in the sensor systemis a passive
sensor. 25 According to a second enbodi nemt4 of the invention, at. | east
one of the sensors in the sensor systemis an active sensor. According to
yet anot her enbodi ment of the invention, at |east one of the 30 sensors in
t he sensor sksdordingstoapeiadapihier @rsisodiorent 24 tHANhatidh, At deasti one b thet

anot her enbodi nent, o%l the invention, at. |least one of the sensors In the
sensor syst eHNSOrSINRGHCNSAT BYSIEM I§rtadaf YnIty | ustrate further the

advant ages of the present. invention, an 5 exanple will be given bel ow of
how t he anal ysis tool increases a user's ability to analyse the systems
per f or mance.inTordesxtaniblustraten furtivey  thee admahtpgies off then preseydt inpanfiorgnani s

illust d with ref. t ' d A . Fi 3 sh tch of
the rang8 artamRan badver Bebu ptfiay b Btbsisliol fredatng detn Ay | or

a Sensor sysbheRahAEEHeSERYernlY BETSPASIES The exammeontbidts Ml 441805 of

nmeasurenent rates. In this case, the sensors concern three radar units
that sweep 3btargeigpatband: ipdiustrated withgeterencaioofigurem3 pad 4weep, which
means that the searching tinme, T,, for the search area of the sensor N =1
concerns a conplete revolution. Another way of indicating how a radar 15

sweeps is t Figared kholvee SN 0f RN Farigr! &xd Mr'ﬁéhpémmordlﬁg S preiOGaY
val ue of the tinme between the neasurenents, that is .

“10 known technology for a sensor system comprising three sensors, i = 1,2,3,
with different measurement rates. In this case, the sensors concern three
radar units that sweep 360 degrees, that is a complete revolution per sweep,
which means that the searchingr time, T;, for the search area of the sensor N
= 1 concerns a complete revolution. Another way of indicating how a radar

15 sweeps is to specify the measurement rate, which means the reciprocal

value of the time between the measurements, that is 7_—

Figure 3 shows a coordinate system for an area of X km (the x-axis in the
~ sketch) and Y km (the y-axis in the sketch). The figure shows a first sensor
20 31, a second sensor 32 and a third sensor 33. The origin in the coordinate
system has been placed in the centre of the second sensor 32. The figure
also shows the probabilities for detection of a target with one measurement
(one sweep) by circles 311, 321, 331 having been drawn for the sensors 31,
32, 33 respectively, marking the border of a 50% probability of detecting the. -
25 target with -one measurement, that is the circles show Rsgss. The first sensor
31 has a searching time Ty=5s, the second sensor 32 has a searching time
T2=1s and the third sensor 33 has a searching time T3=2s,

Figure 3 also shows a target path 34 for a target with a particular target area
30 and with a constant speed of 250 m/s. The target path consists of a
continuous line consisting of three straight paths with three target




T Figure 3 shows a coordinate systemfor an area of X km (the dading Fidst he
sketch) and .Y km (the y-axis in the sketch). The figure shows a first

. sensor 20 31, a second sensor 32 and a third sensor 33. The origin in the
coordi nate system has been placed in the centre of the second. sensor 32.
The figure also shows the probabilities for detection of a target with one
measur enent (one sweep) by circles 311, 326 331 having been drawn for the
sensors 31, 32, 33, respectively, marking the border of a 50% probability
of detectin the. 25 tar w th_one _neasurenent, that is the circles show
R50ss. The ?m@g?e%%om %giwﬁ% dheclifst Hiergptt masopyyey 341his sagiafll.olensor

32. has a se BA thb nes sho ?ﬁlftl1%sté1't%£a§§q eégng?ﬁarﬁ)e%ﬁgﬁbng

time T3=2s. Figure 3 a ar get for atar

particul ar tiacgeiecoetbetd@eartte iimds 1&2609$3hdrtt=28©£aﬂ19f 250 m's. The target
path consists of a continuous |ine consisting of three straight paths with
three target ' JA TN 2 006 25 nmanoeuvres in between. The first target,

e e Lt e R

t he second nanoeuvre 342 is c etmeen t
t=280s at 1gisifg Iar@uoesls mt@hnnmgyallmywmdwthesbﬁmm sirsiesdkt, 321,

f i L uat | which th
B or ot i3 RIS Res AePlel St et Fmislsion A
i nt er pr et at icried oLhen tHEBEsisOf tﬁ@gébgﬁég%al BRtrBf R?e%.?c(!é?é the

geogr aphi cal extent of the circles ure 4 shows a di agram of
effective searching tinmes, Te,, 411, Te2, 421, Te3i 431, for the three

i ndivid 3 spe er ac ordln [ nd for
t he senggr ﬁ@ﬁ%ﬂ?s%‘w étﬁﬂégrasrﬁ cﬁ Efcﬁer?év?lsfﬂc "?%It'rg%irl?-ﬂafﬁ*d%ﬁ%e
itimes for a Tar4®t, fdetiatttet mditiguarssoraneas2 s reéé@ﬁ%weac%w:ﬁglt@g -
Figure 3, and for the sensor system'’s effective searching times, T, 441, at
- different times for a target defined in the sensor area. The effective searching

tlmes Te,, are calculated as . The Séarching time Te[s] is shown on the y-

Pss i
15 axis and the target path's time t [s] is shown on the x-axis. Figure 4 also
shows three paréllellr broken lines 412, 422, 432 that i'ndicate the respective
effective searching times, Te1, 411, Top, 421, Tos, 431, when the detection
probability for each sensor, pss; is equal to one, that is the brokén parallel
lines 412, 422, 432 indicate the searching time of the respective sensor.
20 o | \ .

- -+ Figure 4 shows clearly how the mdlwdual Sensors’ effectlve searching times,
To1, 411, Ta, 421 and T3, 431 differ from the sensor. systems effective
searchmg times, Tq,-441. As the effectlve_,searchmg time is -dependent upon
the reciprocal value of the detection probability, the diagram is to be o

25 interpreted as showing that a high value on the y-axis means a low detection |
probability. The detection probability diminishes with the distance from the
centre of the sensor, which can be seen, for example, at =280 (the second

target manoeuvre 342 .in Figure 3) where the. first- sensor's 31 effective
searching time, T.4, 411 lies close to the parallel line 412, which marks a

30 detection probability close to one for the first sensor, and where the second

sensor's 32 effective searching time, Tz, 421 approaches infinity (not shown,




times, To, are calculated as T. . The searching tine Te[s] igi%hthzgm t he
y- PSS, 15. axis and the target path's tine t [s] is shown on the x-axis.
Figure 4 also shows three parallel broken lines 412, 422, 432 that
indicate the respective effective searching tines,. Tel, 411, Tee, 421,
Tea, 431, when the detection probability for each sensor, per,, is equal
to one, that is the broken parallel [lines 442, 422, 432 indicate the
searching tine of the respective sensor. 20 Figure 4 shows clearly how the
i ndi vi dual sensors',. effective searching tines, Tea, 411, Tee, 421 and

T,13,. 431 dhoweved,r MthEefigems obus \sHE N SsiedrbBClrisHy B9 CtHabJehddest Tol,
441. As the effective searching time is dependent upon the reciprocal
val ue of the2RRICEERRlG HEBhANI ralgtion te teageeatel dineo4B83. avhichtwapseRed as

Shor o ect SEreBI8 pYhfind honhtadiAd Z8rd Tt Yol FEREGH aid SRR, o' )
the sensor, thirdcsersan'shed sfeotivé gearshimplime, a3t #428&pprductrecianfity (Rstget .

manoeuvre 342. in Ei ure 3) where the. first. sensor's 31 effective
sear chi nS% t | ROWThOWgYen I jthe figusa.ebiloonlyea shamly sising parverthat wdsratmar ks

a 30 detecti Wi l:9s r e st nsqlr: re the
second sens%ﬁbrg&ggﬂgwf gtgpfgéﬁs%éét&]r?% thgng%@gla,hh%ﬁgg'p%%%ﬁggr% inity
(not shown, d&&tehtior\probabifityt Bppfaaghing, zént fanthe thishsepsor. rTss degtantione t hat
ends at appro igﬁgel 33%%%‘,in relat.i or] to the parallel line 422  which
marks a det@@ﬁ? '%F%l?ébi tigned previewsiiga Jueasursment of $be rebakiily#f  and
where the tdugetingasurge Wit of beh! tiyetomes Mgl Eg%e"sﬂ?% apphoaches
infinity (not 5 shown, however, i n the figure, but only shar ?y rising
curve t Hé& dhatisdby capsceni higuet B siede) that theebegdrahtargett manpemakl 342 isi ne

ggﬁso\r’\’h' {':I'E e%lﬁégfqtggﬁtgﬁtei e & gs? @2'1{ t3%1a0;|grtﬁgcrginags grr ﬂ'ner gécér?cf atngi rd
third sensors 32, 33 respectiveiy, and that the manoeuvre is carried out
within the circie 31 for the range for the ﬁrst‘sensor. Figure 4 also shows that
for the second target manoleuvre 342 in Figure 3 the sensor system's
15 effective searching times, T, 441 are 'approxi_rhately the same as for the first
sensor's 31 effective searching times, T.1, 411, but it should be mentioned,
however, that the sensor system’s effective searching times, Ty, 441 are
" always strictly less than the effective searching times for the ‘sensor that is
located closest in effective searching times. |
20 | | |
At a second point in Figure 4, for example at t=400, it can be seen that the
first sensor's 31 effective searching times, T.1, 411 and the third sensor's 33
effective searching time, T3, 431 increase and approach infinity respectively,
but that the second sensor's 32 effective searching time, T.p, 421
25 approaches its minimum, which is a consequence of the target's distance
“from the respective sensor. The second sensor's 32 effective searching time,
Tez, 421 has its minirum at a distance from the paréllel line 422, which is a
consequence of the target’s distance from the second sensor 32.

30 The sensor system's- effective searching time, Te, 441 at t=400 differs,
however, from the second sensor's 32 effective searching time, T, 421, and

is, in addition, lower. As the sensor system’s effective searching time, Ty,




probability is, as mentioned previously, a measurenent of thé&pbqbq%rilty
of detectlng a target with a given target area and di stance by a gle
scan", 10 that is by one scan. Figure 3 shows that the second target

nhnoeuvre 342 is carried out outside the circles 321, 331 for the ranges

- for the second and third sensors 32, 33 respectively, and that the

manoeuvre is carried out wthin the circle 31 for the range for the first
sensor. Figure 4 also shows that for the 3«:7 cond target nanoeuvre 342. in
Figure. 3 the sensor systenis 15 effective earch| ng times, Tej, 441 are
approximately the same as for the first sensor's 31 effectlve searchi ng

times, Tei 1V I OMEV, "

systeni s eff‘é1 P\tlg %Dedarc p‘% tﬁ?ﬁgg%%(})'%ggﬁs 'hs gﬁa‘ﬁ/%ﬂgg’ ?Hﬁﬁiﬂ ss t han
the effectivE,s421 Cﬂmer@risbﬁeystfeﬁ’fsUb@cﬂ@ﬁ%ﬁbbémm bs,» i digHerdhat teesf in
effective searching tinmes. 20 At a second point 1n Figure 4, for exarrpl e at

t=400, it c aferdosest sapsat, whish '$|t|'r‘%t5e§@if§§f3"%0f3@_2 ST they serses syRiam
times, Tel, gﬂng% @Cg&& brSERER effactv Ivea{r@t?hb\éﬁpéteﬁéﬁ%ﬁgmﬁhﬁ@alTea

431 |ncrease an infrnity reéspec e second

sensor' s 532 sdrfsecs inthessyatarh| theit 19 eam:all?@od@h@&ﬂmemhpmbabmtyﬂ ni mum
which is a consequence of the target's distance fromthe respective
sensor. The second sensor's 32 effective searching tine, Te2, 421 has its

m ni mum at  argll RRF&ddd QI?z?tt fife RBh&HS %k%}leh%a%%t&a\hggh% markce QR4S §RAENCE

of the target's distance omthe seco sensor e sensor systens
effective seadwiduag senaers ateckriatd poirds i importahtfihfmmatiohdoeaarser fof dhe t he
second sensor 32 effe tive s archlgé;%t me, Tez

2ddi thon | cwsTeralt Cahefor eBpHTa 7 LARL WheP iAo e PR sebiirs e dp . 2 4
~S] Qgr (Z;g?ﬁ §2t7| lﬁn%éeﬁ&ptlrrﬁ%r'  ¢VRTas! Bt & RRirfaBe UpSsIsIerwith Fey?d t6Ghe Ve
-' detection probab:hty. or where the sensors are to be set up in order to
concentrate on meeting certain requwements, for example by increasing the
detection probability in a particular geographical section by the use of the
synergy effects that arise when the sensor's ranges overlap each other.
15 | -
Further analyses of a target path can be carried out on the basis of the
analytical parameters calculated using the method according to the ihventidn,
- for example tracking 'accurac.ies, can be calculated for individual sensors and
for the sensor system respectively, and tracking probabilities for the target in

20 question for individua! sensors and for the system respectively.

Further analyses can, of course, be carried out over .an area of the sensor
system, for example risks of target confusion in aséociatioh slots can be
obtained with varying filter dimensioning. Ass.ociatioh slots relate to the

25 volume that applies for a target. In addition, the tracking probabilities over the
surface can be calculated anélytically on the basis of the analytical
parameters. '

The invention is not to-be regarded as being restricted by the embodiments
30 and examples described, but can occur in additional embodiments within the

framework of the patent claims, for example the invention can be used for




Tee, 421, the sensor systems detection probability, pssf, Kélhe@er than
that of the closest sensor, which is the second sensor 32. Thus the sensor
system has an equally good or better effective searching tine than the
individual 5 sensors in the system that is equally good or higher
detection probability. The know edge that the sensor system has better
performance than the individual sensors at certain points is inportant
information for a user of the system It @an, for exanple, be used when

pl anni ng where the sensors are to 10 be set up in order to cover as large a
surface as possible with regard to the detection probability, or where the
sensors are gansoes $eat atlm hot of érsctromagheticemituas. eExamplestafnglohesérdars

requi renents, for exanp |ncreasin8 the detection probability in a
particul ar @Ggfi%ﬁ? d’!ﬂ?'cgééﬁﬁ%rﬁ 19 baged esnd Wavesyner gy effects t hat

ari se when the sensor's ranges overlap each other. 15 Further anal yses of a
target path can be carried out on the basis of the analytical paraneters
cal cul ated using the method according to the invention, for exanple
tracki ng accuracies. can be calculated for individual sensors and for the
sensor systemrespectively, and tracking probabilities for the target in

20 question for individual sensors and for the systemrespectively. Further
anal yses can, of course, be carried out over an area of the sensor system
for exanple risks of target confusion in association slots can be obtained
with varying filter dinensioning. Association slots relate to the 25 vol une
that applies for a target. In addition, ‘the tracki ng probabilities over the
surface can be cal cul ated analytically on the basis of the analytical
parameters. The invention is not to be, regarded as being restricted by the
enbodi nents 30 and exanpl es descri bed, but can occur .in additional

enbodi nrents within the framework of the patent clainms, for exanple the

i nvention can be used for B )




243 A"l 2006 28 sensors that are not of eIectronagnetiz4nd¢ﬂkéMMExanples
of such sensors are sonars, which sensors are based on sound waves. 29
CLAIMS 1. Method for an analysis too[ for analysis of sensor performance
for a system of sensors, which nethod conprises anal ytical calculation of a
. 5 sensor systenis measurenment characteristics at each point in a given

geogr aphi cal area, which nethod conprises: - obtaining perfornance
parameters (1,2,3) fromNs sensors (11,12,13; 21,22,23; 31,32,33) that are
in the system characterized in that: - a & of anal ytical -performance

parameters (5) for the systemis calculated 10 (6) by the performance
paraneters (é %@% being fused (7) irrespective of the different

measur enent ha} teristics of the sensors (11,12, 13; 21,22,23; 31,32, 33)
in the systemwith regard to the given performance paraneters (1,2,3) and
in that: - the analytical performance paraneters (5) are used for analysis
(8) of the 15 sensorM%CEfﬁfsam@ﬂﬁbﬁimtﬂoé.fOQan%Sihmf sensor diestproanceai m 1,

characteriz i.n i_Ni nerf nce paranmeters (1 . conprises
bt ai i ng. pell & e AR SnBF SN G N A iV s befulysrsPs' o
detecti o predrmor| systely meadureflent adtErhstenblids atPaadt paial ik aa Jgivenr ea
for the sensor Ns = i; = neasurenent accuracy expressed as covari ance

. - RS .
matrix for t9ROKABABISAIangg, which methodseasmemsesy tine for the search area for

the sensor NS pdining"Performance parameters (1,2,3) from Ns sensors (11,12,13;

21,22,23; 31,32,33) that are in the system, characterized in that:

- a set of analytical performance parameters (5) for the system is calculated
10 (6) by the performance parameters (1,2,3) being fused (7) irrespective of the

different measurement characteristics of the sensors (11,12,13; 21,22,23;

31,32,33) in the system with regard to the given performance parameters

(1,2,3}and in that: | '

- the analytical performance parameters (5) are used for analysis (8) of the
15 sensor system’s performance.

2. Method according to claim 1, characterized in that obtaining
performance paréméters (1,2,3) comprises obtaining performance
parameters (1,2,3) comprising:

20 - pssi = detection probability per scan for targets with a particular target area
for the sensor Ns = i
- R; = measurement accuracy expressed as covariance matrix for the sensor

Ns=i; _

- T; = searching time for the search area for the sensor Ns = i, and:

L

25 - ps; = the probability of false alarms for a sensor.

3. Method according to claim 2, characterized in that the calculation

(6) of the analytical performance parameters ('5) comprises calculations on

the basis of the performance parameters (1,2,3), which calculations comprise
30 the formulae:




25 - pfa,r = the probability of false alarms for a sensor.23, Jyet Ggs
according to claim2, characterized in that the calculation (6) of the
anal ytical performance paraneters (5) conprises calculations on the basis
of the performance-paraneters (1,2,3), which calculations conprise 30 the

formul ae: 2 4 JAN 2006 1 30 (7-2) (7-3) 510 7 " Psi, j Tli i (7-4) (7-5)
(7-6) 15 2 4 JAN 2006 31 5 where Ti, (7-7) (7-8)
- 30
-1 ‘
N
(7-2)
I NS P
—= ¥ T
g § =1 i
(7-3)
5

ef
- (7-4)
i = p 5.0
T, T, .
10 _ (7-5)
1
Hi = 7
el
(7-6)

15




pss,1, ,u;, RL and pfa,1 conprise the anal ytical performafce AANTHEH0
paraneters (5), where Ns stands for the nunber of sensors in the system
and where the subscript j stands for "joint", i.e. resulting. 10 4. Method
according to claim3, characterized in that probabilities for different
events that concern the tracking procedure are cal culated by using the
cal cul ated neasurenent rate, T -, the detection probability, pssl i and
the. probability of false alarnms, pfa,1l, fd¥l the sensor systemtogether
with Markov analysis. 15 5. Method according to claim 3, characterized in
that a filter for the sensor systemis calculated by using the calculated
effective neasurenent rate, (T for thg system ej 20 6. Method accor di ng

to claimb, characterized i t: - t e said fornul ae are used to
cal cul ate the sensor s 2? nt characteristics in order to
calculate with a filte hes i Systfem s tracking performance for

t racki ng nmeasured obj ects rlld=| n orderf that 2 4 JAN, 2006 32 - the filter
for the systemgives a covariant matrix, P, which is read(dff) as a
covariance matrix that gives the tracking accuracy of the sensor system at
each point in a given area. 5 7. Method according to claimb5, characterized
in that the sensor

) |
< P g

= = VT

Praj =127 [0

(7-8)

where T 7 Pssp My R; and prsj comprise the analytical performance

e
parameters (5), whereNs stands for the number of sensors in the system
and where the subscript j stands for “joint”, i.e. resulting.

10 4. " Method according to claim 3, characterized in that probabilities
_for d|fferent events that concern the tracking procedure are calculated by
usrng the calculated measurement rate, Ti the cletectron probabrlrty, Dss

,- , prot

and the. probabihty of false alarms Praj ) for the sensor system together with
Markov analys:s

15
5. " Method according to claim 3, characterized in that a filter for the
sensor system is calculated by usrng the calculated effective measurement

rate 7:' ,for the system.

o

20 6. Method according-to claim 5, characterized in that:
- the said formulae are used to calcuiate the sensor system’s measurement
characteristics in order to calculate with a filter the sensor system'’s tracking
performance for tracking measured objects, and in order that




system s stationary characteristics are calcul ated by a f2l4ekh) %88ti onary
state being calcul ated at each point over a given area, which cal culation
conprises the said fornulae: 10 8. Method according to claimb5,
characterized in that the sensor system s dynam c characteristics are
calculated by a filter being cal culated based on parallel target paths of
a target with given values of speed and course, which cal culation also
conprises the said fornmulae: 15 9. Method aggording to any one of the
preceding clains, characterized in that an adaptive sensor is regarded as
a sensor system 10. Device (20) for analytical calculation (6) of a sensor

system s per the filerchordhemystmgivds aeavariant mbtrb2, A 3vhidh, i82e3d:0fBds 32, 33) ,
whi ch 20 devi ce conprises neans (24) for conbi ning perfornmance paraneters

(1,2,3) in FREMBCR Balhealrdvesthe Hackibgcacaraeys of tharsensor sysheret alve

sai d sensor sgaéH doihtint 3 qi 23; 31,32,33), characterized in that the
devi ce corrpr?sesﬁorregﬁggz%g%' for fusion of the performance paraneters

(1,2,3) by weighting of the neasurenent contributions of the respective
sai d sensors, which 2 evice copprises nmeans (27) for calcul ating
anal ytic p_E'r f or mamcE/_I‘a‘?"p‘)‘?f:I é‘r?@?@ﬂgg (t@)‘ﬁ?'&‘ & Hehasarisdred ya ithal thehseRsereans
for cal cul at sngenabistivhaty cf%ﬁ&@?i%ﬁr@@élﬁﬂ%&@& By (a%tér%r?ttaﬁ@n v e
systemis independent of the I TTerent neasurenent characteristrcs of the
sensors i n theingyslatated at gacbpointafver hegiven ghda, which chlvalatieasongisets
contri butionthf t('rl\r? reﬁge,ctive 30 said sensors. 2 -JAN NNO6 33 11. Device
according to ki o_eru fraracteri zed in that the device conpri ses neans
(29) for calculating a filter's stationary state at each point. over a
gi ven area. _
10 8. Method according to claim 5, characterized in that the sensor
system's dynamic characteristics are calculated by a filter being calculated
based on parallel target paths of a target with given values of speed and

course, which calculation also comprises the said formulae:

15 9. - Method :acco:_'ding to any one of the preceding claims,
characterized in that an adaptive sensor is regarded as a sensor system..

10.  Device 7(2‘0) fof analytical calculation (6) .of a'sensor-system’s
performance comprising Ns Sensors (11,12,13; 21,22,23; 31,32,33), which
- 20 device comprise_s means (24) for combining pérformance paraméters (1,2,3)
in the form of measurement charactéfiStics from the resbectiyé s_aid sensors
(11,12,13; 21,22,23; 31,32,33), characterized in that the device comprises
means (24, 26) for fusionrof the performance parameters (1,2,3) by weighting
of the measu?ement contribuﬁ_bhs of the réSpectiv_é‘ said sensors, which
25 device comprises means (2-77) for. calculétihg -:anéiytical pérformance
parameters (5) for the sensor system, which means for cé}culating analytical
performance parameters (5) for the sensor system is indépendent of the
different measurement characteristics of the sensors in the system on
account of the weighting of the measurement cohtribution of thé réspective

30 said sensors.




5 12. Device according to claim 10, characterized in that the devikgesnng

. conprises neans (30) for calculating a filter's dynam c characteristics on
the basis of parallel target paths for a target with given val ues for
speed and course. 10 13. Device according to any one of clainms 10-12,
characteri-zed in -that at |east one of the sensors (11,12,13; 21,22, 23;
+31,32,33) in the sensor systemis a passive sensor. 14. Device according
to any one of clainms 10-12, characterized 33 15 that at |east one of the
sensors (11,12,13; 21,22,23; 31,32,33) in the sensor systemis an active
sensor. 15. Device according to any one of clains 10-12, characterized in
that at |easti.one of tDwiceascsdinglic tRim310,2dhact2lzed in 3Ra38ke devitae
sensor 20 systemis an agggtive Sensor. lﬁ. Devi ce accarding to an%1one of
clai ns 10- 150TeRAReScIORNS ddY) for Gaalating peliar soptatiofay etk 8Reh PoiINt12, 13;
21,22,23; 3 , ' e sensor systemis a radar unit. 25 17. Use of a
nmet hod acco%ﬁ%ﬁéﬁgge%%g%ﬂs 1-9 and a device according to clains 10-16 for
a sensor system conprising at | east one sensor.

5 12 Device according to claim 10, characterized in that the device
comprises means (30) for calculating a filter's dynamic characteristics on the
basis of parallel target paths for a target with given values for speed and

course.

10 13. Device according to any one of claims 10-12, characterized in
“that at least one of the sensors (11,12,13; 21,22,23; 31,32,33) in the sensor

system is a passive sensor.

14. - Device according to any one of claims 10-12, characterized in
15 that at least one of the sensors (11,12,13; 21,22,23; 31,32,33} in the sensor

system is an active sensor.

15. Device according to any one of claims 10-12, characterized in
that at least one of the sensors (11,12,13; 21,22,23; 31,32,33) in the sensor
20 systemis an adaptive sensor.

16. Device according to any one of claims 10-15, characterized in
that at least one of the sensors {11,12,13; 21,22,23; 31,32,33) in the sensor
system is a radar unit. ' _

25 | ,
17. Use of a method according to claims 1-9 and a device according

to claims 10-16 for a sensor systern comprising at least one sensor.




