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BACKGROUND ART
A sensor is a device that receives signals of various types, for example
15  electromagnetic signals such as heat or radio signals, or signals such as
sound waves. There are passive sensors that only receive signals, and active
sensors that send out a signal that is reflected against an object and
thereafter returns to the sensor where the signal is read off. An active sensor
can calculate distance and bearing of an object, for example by measuring
20 the time it takes for a pulse signal to return and by using a directional
antenna. The passive or active sensor 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 intensity, 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 targets 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.



background art refers principally to radar, but as other sensors can al so
be wused, the termsensor is used instead of radar. WO 03/014763

PCT/ SE02/W038814783 A sensor's measuremnment characteristics RCE/SEHL/E1363

descri bed as a nunber of perfornmance paraneters: pfa = the probability of
false alarns per scan in a particular partigl area, 5 pss = detection
probability per scan (the subscript ss refers to single scan) for targets
with a particular target area, R = neasurenent accuracy, here expressed as
a covariance matrix, and T = detection time for the sensor's search area.

10 From thesq paksyral PedstiethaiftthafadiediREaMe dRASHESIRY b huriber of
effective neasurenent rate), T , can be calculated as T = SS The first

t hree par aneperformphee ppednetess:R, often vary across the sensor's search
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val ue, the sensor's detection characteristics can be shown graphically by
neans of ged#rgets vithaparticulantarget 382m of circles or parts of circles
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geonetric figures is often called the sensor's range. Certain existing

pl anning tools (analysis tools) for sensors are based on 25 ranges of the
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The first three parameters, prn, 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 the probability of
detection is 0.5. This distance is often called Rsoss. By means of this value,
the sensor's detection characteristics can be shown graphically by means of
geometric figures in the form of circles or parts of circles where the value
Rsoss is scaled in such a way that the scaled value of Rsgss 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 planning tools (analysis tools) for sensors are based on
25 ranges of the type described above and, in addition, can sometimes take into
account topography and calculate restrictions in the range due to

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



30 as for the said detection characteristics, with a range R50aq gi ven that
a target WO 03/014763 PCT/ SE02/ 01363 3 approaches the sensor radially at a
parti cul awogpmeedds3 This is described in Reference 1. ProblPERSENIIS63 when

t he performance of a systemof sensors is tqQ be 5 calculated. The
difficulty consists of obtaining an idea of 3t he systenmls characteristics,
in particular wwth respect to the tracking, when the sensors have greatly

varying characteristics, not only with regard to the. r es hut .also with
regard to ot I?@P"@‘Fi'&eéc%@r %%fl'%%gaél?m« agsa ﬁ%&ﬁ%‘%&ﬁ?e‘#-a?ﬁ,% 'srﬁﬁ%q.'ﬂb@ﬂeﬂ
accuracy and ggabspcal@arnms. 10 For tracking of targets neasured by a

plurality of sensors, the filtering of target data is already known. The
two nost comon techniques are: 1. The sensors track the target separately

fracking 11 fapbRes Robeaviey BBChertatiae ML, TRRM M Shiedere tiRRLS™

met hods r gl atcaidufatédsiToR efifficiatya coRsistalof Sylstaiimg drutideanof thersystemise

al so be applied for certain analysis analysis. 20 The filtering of target
dat a accor di fatasteisties, I pafistlasawith Kasraat dethei ki, avhen JhkSeRSPHS t er
often a Kal [ - i S he
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| abori ous calatsd awitlonsegandit tor estber echaracteristicsd sguehc @sacnegswaechenbkmate, 25
long tinme. A further BLobI emis qtirgif?lt ir fusion of tracking data, the degree
of correl at MBPABECRERHACHEALK ANGAR/EE HAMPot known, which is not possible
to calcypate in real systens. In an analysis it should, however, be
possible to calculate the correlations, but these cal culati ons woul d add
to the al readior tracking of targets measured by a plurality of sensors, the filtering of

target data is already known. The two most common techniques are:

1. The sensors track the target separately and the result is thereafter fused.
15 2. The measurements are fused and a tracking filter is thereafter used on the

resulting measurement.

These methods relate to fusion of data in real systems, but can in principle
also be applied for certain analysis analysis.

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



| aborious cal cul ations. 30 WO 03/ 014763 PCT/ SE02/ 01363 4 In filtering
target data according to point 2, a plurality of variants can arise, two
of whi ch weriBan7ss (2a and 2b) will be illustrated in greatP€m/Sier/eisbs bel ow.
This is also described in Reference 3. 5 For, fusion according to 2a, the
fusion consists in the actual case of the feasurenent data bei ng processed
i n the chronological order in which they are received, that is the

contributions fromthe different sens rsa recei v different. tinmes
and are pr oci@ghﬂ gy tgrggtgﬁgqjapgqrpg}g oripi %s a ﬂ'&v@&épf %%thtfs ‘g%l gh%%’l ein
the anal yti cqloGHSAhiA velishts E2h aMal At lilustratet Prgrealdt estall etmnce is
to be carried out. Actual nmeasurenent values are then not avail able, but

only the gendiis isoHse deseribes indReferencec3.measur ement val ues as descri bed
above. A fusion of these characteristics is to be carried out, but there
are problens relating to randomess. 15 For fusion according to 2b, the
nmeasur enept s Far fubiepedcdortimgetd I2@y tlae! 6fuspﬂs®tﬂd;i$thrmu@le acthah«:hfseg)ff fhet er.
This can be carried out in two
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measurements are carri'e e same nmonent for all the 20 sensors in
t he syst em arad diffexent tirees and eare @rmhassad ibyres cmmmdtefllta;al'blsemwe\reﬂ aot

detection charagteristics or or_ di st nce to t asur.ere ect.
For use of aa(ppf? PN ﬁgaﬁoqaﬁfa ShoV Blav%n ?\@iueﬁ) e%#séerﬁlg# t he
di ff er enypsenzpotmante \f@lt@fyeeélarr“busm AEid) nEasuBisat h@masl gl themehbiods in
whi ch the accuracy of the weighted values, that is the variance, is 25

cal cul ated aeveiablagbutooniiidhe geaeralcharactgrigtiss i theimeasurement 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 méasurements that are being fused. By simultaneity is meant
here that the measurements are carried out at the same moment for all the

20 sensors in the system and that there are no deviations in the measurement
rate, detection characteristics or angle or distance to the 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. = R
;=12

(7-1)



RR E 1=J (7-1) WD 03/014763 PCT/ SE02/ 01363 5 This equation applies,
however, only if the sinmultaneity described above is fulfilled, which in
practi ce woan®147biat t here are no devi ations in nmeasur enenPCTISEDE(13dEt ect i on
characteristics or angle or distance to the_neasurenent object. The
probability of these criteria being fulfillad for a system of sensors 5
that are tracking a nobile neasurenent object is very snall, alnost
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In this casefyffiled, wHichrRPSiacEEE Mean@rithat thnete ansnedetiations irf meastreseastor s
are added to a vector in sequence, with the result that a |arge neasurenent

matrix i s obtatenedetastiar chgraﬁé%nstwse%|amlez:aqrcdlstaar10@n@ fthe @gRsUIeRReMy t he
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that a neasu 0°a covarl ance

mat ri x of 5n2 tigdtezieent fackingrua t amneymeasmﬁeradersto objepti isederyr srhall,2bEnastse,
with the problens nmentioned above in the discussion concerning 2bl. Sone
further di sad®ArRd3f€8Lof existing technol ogy are that only an idea of the
nmeasurenent characteristics of the sensor(s) is obtained in the formof 20
range and measurenent accuracy. This is often conbined with map dat abases
in order to diovdusioniadeardifg toh2b2, dhgmeﬂswﬁ@eebmflwr isyisereased ninstead ofor m of
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tracki ng19harn%‘ésﬁfréﬁubh?éoﬁtﬁ@&ﬁoﬁ?@ﬁmeemferﬁ hheefscatesshddsd eaa mtor 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 technology 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 combined 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 measurement characteristics can be

25 expected to provide.

There is a requirement to be able to carry out an analysis of sensor
performance for a system of sensors, for planning the positioning of sensors
in a particular area to be monitored. Sensor performance 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 carry out an
anal ysis of sensor performance for a system of sensors, for planning the
positi oniw@ odb14ehsors in a particular area to be nonit oPERSEBENSEF
performance is normally 30 cal cul ated and descri bed during design and
purchasing. There is in addition an i ncr ea$ ng need: WO 03/014763

P|CT/ SE02/ 01363 6 - to eval uate necessary sensor resources (or
alternatively,,K how exi stin resources are best to,.be uti]ised), in.
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reactive searching, - to evaluate the effect of possible or proposed
measur es/ charapesofsoare tadweptisete sensors, both as automatic and manual
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t hi ngs the problfem o cal culat1 ng analytica e syst s perfornmance
parameters, anal ytical perfornmance paraneters, that can provide

neasur enment char.acteristics and tracki.n efformance a h ' ' 20
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t he abovenenti pe is a radar, but the use of the nmethod according to
known analysis methods.

DISCLOSURE OF INVENTION
The invention aims to solve the problems/disadvantages that are described
15 above and aims to provide an analysis tool for analysis of sensor
performance in a system of sensors. The invention thus solves among other
things the problem of “calculating analytically” the system’s performance
parameters, analytical performance parameters, that can provide
measurement characteristics and tracking performance at each point in a
20 given geographical area for a system of sensors, that is when several
sensors “measure” the same target. A typical sensor in a sensor system of
the abovementioned type is a radar, but the use of the method according to
the invention for calculating analytical 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 for a

sensor system can al so be used for other types of sensor. The term sensor
will 25 wbaeseisse be used in the follow ng instead of theCTSEM/eE6dAr. By
"cal culating analytically" is neant cal cul atj ng expected perfornmance using
mat hemati cal nmethods on the basis of known characteristics of the sensors
and the neasurenent objects, in contrast to cal culating the performance of

a 30 real system.in a situyation re actual pea ts are carri out .
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char act eri st igHeches f\aiu@ns ecatdaterC aBmgy feraiutgsl wisiah uaremprésented iMChe

03/ 014763 PCT/ SE02/ 01363 7 variations around the effective val ues are

cal cul at ed arfallgwingdextywhergsthecguhseript/@” stands frstheseitentive Rararmetey:- f or mul ae
whi ch are presented in the follow ng text, where the subscript "e" stands
for the effective paraneter. 5 The probl em of sensor systens according to

previ ousl § Knghan protstémobiogansot aysterhs aoaotding ¢ provobslgtkridvat tedimokegysor s
can have varying. measurengnt chaﬁac eristics, and partly of calcul atjng
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met hod conpri Ees anal ﬁtic | cal cul atti on of a sensor systemnm s neasurenent
char act eri st itRat the SCOSELSYIPTS (9 JOVIRE pur poses of cal cul ation, however, a

raster ofjgpoints is 15 selected in practice) in a given geographical area.
The nethog conprises obtaining performance paranmeters from NS sensors that
are in the syEweinventior thws soasisiscelr alimgthed fonani analygis &eplifer analysis et i zed
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analytical calculation of a sensor system’s measurement characteristics at
each point (for the purposes of calculation, however, a raster of points is

15 selected in practice) in a given geographical area. The method comprises
obtaining performance parameters from Ns sensors that are in the system.
The method according to the invention is characterized in that:
- a set of analytical performance parameters for the system is calculated by
the performance parameters being fused irrespective of the different
20 measurement characteristics of the sensors in the system with regard to the
given performance parameters and in that:
- the analytical parameters are used in the analysis of the performance of the

sensor system.

25 Obtaining performance parameters comprises obtaining performance
parameters comprising:
- pss; = 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 N;s

=1
30 - R = measurement accuracy expressed as a covariance matrix for the
sensor Ng = i;

- T; = detection time for the search area of the sensor Ns =i, and



t he performance paraneters being fused irrespective of the different 20
measur enment characteristics of the sensors in the systemwth regard to the
gi ven perwormg@anges paraneters and in that: - the anal yti calPCpsEazet3ey s are
used in the analysis of the performance of the sensor system 25 Qobtaining
per f or mance par anet ers conprises obtaining performance paraneters
conprising: - pss i detection probability per scan (the subscript ss

refers to sin an i argets with a particular
target area f a’t‘h s%ﬂgﬁp""&éﬁ%lgk%v%ﬁ{ﬂgg rgenﬁgasarernsnt accuracy
expressed as a covariance matrix for the sensor NS =1; - T, detection
time for the search area of the sensor Ns =i, and WD 03/014763
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where T;, Ti Pssj Mi, Rj and pgj are the analytical performance parameters,

=l

10

where Ng 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 difference 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



Cartesi an coordi nate system The resulting first covariance matrix, R/, for
15 neasurenent errors for the sensor systemis cal cul ated using a nethod

t hat di f fwWO930t4063 known net hods, with the difference that PRESEIZINIZE t O t he
i nvention the contribution of the individual sensors is to be wei-ghted by
N;, see equation (7-6). 20 The anal yti cal {)%rarreter pi refers to a

wei ghting neasurenent for the contribution to the system of each sensor in
the system consisting of the WD 03014763 PCT/ SE02/ 01363 10 effective

nmeasur enent reffeetivd medstirernBat £Resor, or thd serdsoiriys diivbdied dividedey fhei 1
anal ytical parameter "effective medsurenent rate for the systent,-. The Tel
wei ghting by pi neans that the cal cul ations of the anal ytical performance

par amet er's T ofnghiigaP p st CetiddRCHEaSLrMedtatadoN e Lstentl LS THa he

5 nmeasurement proces e sensors In the system for”exanplg pss,i
which is the detection probability per scan for targets with a particul ar
target area vﬁe)?hﬂir’fga byemsmeahs that thed lcalcutations eofetite aatlytidaloperférenarcteual
geonetric i relationship of the measurenen bj,ect tq the respectiye
Sensor . Thi s PREAMEISTE Hat e SYSIRRRIATs dROFRRNASHY i dhe elrloarlions in the
anal yti cal y rfadditbftehl Brockls8ebf RIS R thd SYRIRMoPExaRBROAS, Which

di fferent neasurenent characteristics with regard to the given performance
par anet ers. Théhe detantiongyebabilityapen snan for targess adth apastieulaciasget awmsma
speci fied anal ytical purposes. In the descripti gﬂ of previously known

t echnol ogy, ifer s seRBbE pned it hieé rhdadurenwimt abtd he BRaRdr Bt geametricdi ng
to 2b and equation (7-1) are applicable provided;that the conditions for
simultaneity are fulfilled, which is . . .
relationship of the measurement object to the respective sensor. This means
that the invention has solved the problem of analytically calculating
10 performance for a system of sensors with different measurement
characteristics with regard to the given performance 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 unrealistic, for which reason such methods are not applicable for
calculating the performance of the sensor system according to the invention.
According to the above, p; 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
performance of a sensor system. When there is simultaneity, in certain
cases, p;= 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.



Itself unrealistic, for which reason such nethods are not applicable for

cal cul ating the performance of the sensor systemaccording to the

i nvent i ortvO 080¢sdi ng to the above, N is used in the equRCISROYI3F) in
order to weight the 20 contribution of the sensors and nake possi bl e fusion
and cal cul ation of the performance of a sehdor system When there is
sinmultaneity, in certain cases, p, = 1 and the equation (7 1) will be

i cabl e, added. t hat .t h ly b
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det ection chageaghfy it 34 peSsible REAbAR tAE sENSbA GeedsuréMentoalsds dyesdch
obj ect. The only way to achieve this in the case of a target that is in

the vi ci ni ty ssinsphe detentionstime, Tio bping diMigedeuns bite Nt eqlﬂﬂﬂé'r@%l‘?@n}ﬂﬂnﬁﬂt% t h

w0 0/ 014763 ‘Bt sepspilsatle TaBsedEhrRy, BASRYE®, b, (RRae AR SERPUC-

the positison méaméﬁwmanescéretdmbm@@aotm comorpoestdd monsertowbiine t he
sensors' mneasurenent val ues by each sensor's detection tine, Ti bgi ng

di vi ded up i feb the  BegaCoMPRECBEMION EME sWakhiabh YBragsd it HRbtaipgd ufas
equally, Whi QLIRS dr'eBkn!sahisdr, WiftvHh GiErBhsd m%sva}\ra%cs%fwspﬁds@é agf},e

common creat moment’s o I me” conponent s

average i s obteaulhe8yf orednise of thbasaidumetiiodk athie peolsiem qﬁnsslmtdtanentbcraa'w;e in
t he variance of Bls i.n sSize as result. By neans of the said nethod, the
probl em of siMICOEHES E{tk‘?”dﬁavogéﬂchroni sation is avoided. 10 The neasurenent
charact eyigsti cs of the sensor systemare estimted by readi ng off all the
anal ytical performance paraneters calculated for the system T,

Ps.,,/, Pi, Rhemeddusgment charedberisticst ofothed senser systeoyare te§tlmeéed by

reading off all the analytical performance parameters calculated for the
system, T, Tl Pssjy My Rj and pg; It can be mentioned that through its

o
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 tracking
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.



different elenents in the matrix, the covariance matrix, R/, corresponds to
the 15 neasurenent error in, for exanple, the position of a target or
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systemis preferably a Cartesian coordinate_system but can al so be

anot her systemthat is suitable for the pu?%ose. 20 The anal yti cal
paraneter pssi = detection probability per scan for targets with a
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anal ytically imul'taneity condition was fulfilled. The
I nvention5can be used to calculate either the systenmis "stationary"
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each point over the area, that is identical neasurenents are carried out
over a peri odhefinventionuthe isyatem’s tdynaic chacactesisticy age aibdaingd diyaparallel

stationary state, i s att.ained at th ing_i.n o . . em s
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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 for calculating the measurement characteristics
of the sensor system and the analytical performance parameters are used for
calculating tracking performance for the sensor system in order to calculate
with a filter 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,



illustrate the systemis ability to track under the prevailing conditions. A
suitable filter for the invention is a Kalman filter, but there can be

ot her filwerg/o147baat are suitable for the invention. 15 Th®&CI®EM/613637ul ae
are used for calculating the measurenent chagracteristics of the sensor
system and the anal ytical perfornmance par arri ers are used for calculating
tracki ng performance for the sensor systemin order to calculate wth a

filter the sensor stem s _tr.ackin erf C . acki ng. u 20
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cal culating trac ormance for a sensor system according to the
above, WD 03/014763 PCT/ SE02/ 01363 13 is that the sensor system s

measur enent aracteristigs are def.ined.at each oi_nt..in_the The
tracking charatt &FPEPi @i ﬁlﬁ ?ﬁ%wagPeﬁfCi{}? tﬁ%r}s‘gﬁy sgéterr&gl Btﬁa}'@'g%%ﬁfy“ usi ng
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previ ously known technol o in which a filter for each sensor is 5 used. As

t he measur emegmenth hatcafieq gthﬁctia@ﬁng ipsocedyserby Hie utitirationy ok acealgulated

1
measurement rate, T the detection probability, pss; and the probability of
j

false alarms py for the sensor system together with Markov analysis. The
calculated measurement rate, —71_— 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 target, it is 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. All 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.



together (all the measurenments are used) an idea is also obtained in this
way of the possible perfornmance of the sensor system By neans of the
descri pt iwo 00/0147h& sensor systemnm s nmeasurenment 10 char acPEMiSENY/EIS6RS
above, it is possible to cal cul ate probabil i%i es for various events that
affect the tracking procedure by the uti |isdtion of a cal cul ated
nmeasurenent rate, T , the detection probability, pss,j and the probability

of false alayms pfa. i, for the_ sens t t.he ' OVo:
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order to know when tracking is to 20 comrence. The detection critierion
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criterion is , and corresponding termnation criteria, that is
wher e and whda thedommula KV +&). The detedtiontprababyility, phestbeodmpomesnequeal 16 1
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utilise the measur enent characteristics in calculating a
BEHE Pt DBlE,

filter for t acteristics of the sensor system For
calculating a filter for tracking characteristics, the cal cul ated
effective nmeasurenent rate, 1 , for .
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 performance 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 filter, can also be used to evaluate the risk of
tracking being confused with false alarms or other targets. In order to
describe the 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 target 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



Tje 5 the systemis utilised, which effective neasurenent rate is a form of
averagi ng of the neasurenent rates of the sensors in the system according
to the fowmeB@i4763 3). The detection probability, pass, thecTis€enmse equal
to 1 for the system The effective neasurepent rate is used to elimnate
random errors in the system that is differences in neasurenent rate,
detection 10 characteristics (detection probability, etc) or angle or
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certain target s are on s ral
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t he tracking 30 characteristics are cal cul at ed t hat E\re i nt ended to, be
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dependent upon rection o get pat relation to
divided between different tasks, for example the sensor's search frequency

can be changed. According to the invention, a system of such sensors, or
15 system of sensors in which such sensors are included, 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 used and for ensuring that
the two “sensor models” according to point 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



measuring sensors. 2. Dependent upon the requirenments and/or the
application, the tracking 5 characteristics can now be selected to be
repr esentWo B914763 ee- di nensi onal graphs (where the hei ghPCTsEpZIVIZEE €
represents the value of the characteri stic)I of the selected area, with

"l evel curves" marking the areas where the @haracteristics fulfil certain
conditions or with a single nuneric value by the characteristics being
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above according to i.nv o] As an,  exanple, it can be nentioned that
nmore sensor r%@s&mc‘@E'C@dﬁ“g'@tt ﬁﬂt?%aptﬂ'a' éready establ i shed targets, which

initself involves control of the sensor's resources depending upon
requirement. 25 2. In addition, each adaptive sensor is described by a
function for 4dEheimenitiog isovarticdadyssitable fosshovdes the erformange«d ammd f or
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systeni s qgonbi ned adaptive capabilities can be anal ysed by the systens
measur enent characteristics being determned in the way that was described

above. |n theThamnveRtion £ant aisobe used éohéﬁ%‘tv!nget%ﬁ@%‘rts of Rl tergelstis Ip
03/014763 PCTér%EOEé R&?b@\?en a particular tracking quality, given that a particular target

density is specified.

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 measurement 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
geometries 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, muitiple 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 performance if we move a sensor from one position to another?”

or “Which sensor resources are required at a particular position within the



16 of a selected distribution between the sensor system s searching and
tracki ng "tasks" can now be shown. In addition, it can, according to the

i nvent i orwohewelsy3 be shown how t he resources can be divi dedTis&02e863 t he
sensors in a suitable way. This is nmade possible by the invention nmaking 5
possi ble a sinple cal culation of the charac?Zristics of the whol e sensor
system which is what is to be optimsed. 4. The invention is particularly

sui table for show ng,the performnce of .an _adaptjve _senso .glven
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for show ng tdpRftyactte ?if/eﬁldcaitiahg’ets in an area being given a particular
tracking quality, given that a particular target density is specified. 15

For so-call ed passive sensors, where the target's di stance cannot be

nmeasured, the i S iwed. ] r i ;
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geonetries the cfescn ption of neasurenent errors by a covariance matrix as
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techni ques descrjbed in Reference.2, with, fqr e I | tipl mn 25
filters or ext eﬁoKQIenﬁﬁd'f?qei? r ﬁe&ntoexﬁﬁ%qzﬁerﬁ ﬁ‘?en%ewgﬁt §§%§Jnor? t he
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make forecasts of a sensor systemis performance and respond to queries

such as, for exanple, "What happens to 30 the systenis performance if we
flove a sensorRé{eggac%nq: RESAHAR Tt.ﬁ.,a"é%trvheqﬁgnce 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., “Comparison of 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.



or "Which sensor resources are required at a particular position within the
WO 03/014763 PCT/ SE02/ 01363 17 range of the systemin order for the system
to have aweuwBbiesEntly high capacity at the given | ocati @aT/'SE02wIG6her
exanpl e of how the invention can be used is en there are nobile 5
sensors in the system which, on account of 1Bhei r nobi lity, affect the
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other sensors. In,this cas t,he i nvention p e ‘
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attached drawings, in which: Figure 1 shows a flow chart of a method
according to an enbodi nent of the invention. 30 Figure 2 shows a device

for the uge OALPERRIATIVEFBODIMENTSt he invention. WO 03/014763
PCT/ SEO2/ 01363 18
Figure 1 shows a flow chart for a method according to an embodiment of the
invention. The 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 performance parameters 1, 2, 3 from Ns sensors that are in the
20 system. In order to facilitate the description of the invention, Figure 1 shows
performance parameters 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



Figure 3 shows a sketch of range and target path according to previously
known technol ogy for an exenplary sensor system conprising three sensors,

i =1, 2,3, WOtob/odi7b3 erent nmeasurenent rates. 5 Figure 4 shorE€T&EA/@Goam of
effective searching tines, Tei, for three i1§di vi dual sensors according to
Figure 3, and effective searching tinmes, Tej; according to the invention
for the sensor systemat different tinmes for a target defined in the
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to be used widiscwsednalgysater dewil etuw. 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
more general g enRing RISRF is ARnPERcoRBIARS SCtnEbdrbmERkt efdifietdatt, 2The
met hod conprises anal ytical calculation o a sensor system s nmeasurenent
char act er isst i 3,0fdhe eesgectioé sensorsdyghneens ofjealgulatipheal area, whi ch net hod
conprises: - obtaining performance paraneters 1, 2, 3 from NS sensors that
are in the 20 system In order to facilitate the description of the

i nvention, Fi-pyg Bedofhaee pA@hice eNce anaebripiisé; 2, 3 being obtai ned
fromthree sensors 11, 12, 13 that are in the system but the systemis,
of course, notpdsi Aidetertion priebebiitynberr scass fos dargetss Wil PABICHGE target area
characteri zedfi th%il: - a_§et of anal ytical performance paraneters 5 for
the systemi SOLHI%Y %0«5(5\/56_ '25 by the performance paraneters 1, 2, 3, being
fused 7 ifor espRE: inveastireibAt ackurhey erpressas asasovatiante neattie forsthecsensdr t he
sensors in the systemwith regard to the given performance paraneters and
inthat: - th¥s&dalytical paraneters are used for analysis 8 of the sensor

system s perfprnggeninddime for the search area for the sensor Ns = i, and:

- pra,i = the probability of false alarms for a sensor.
15 The calculation of the analytical performance parameters 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= S
joE
(7-2)
20

L s
—= 3 T

¢ i=1 *

(7-3)



The result fromthe analysis 8 is presented 9 to a user in a suitable way,
for exanple via a display or a printout. The anal ysis depends, in

addi ti on,wor3Ma768/ 014763 PCT/ SE02/ 01363 19 whi ch type ofPCars&by/6i363 t he
user requires. A couple of different analysgé will be discussed in greater
detail below By "being fused" is neant the<conbining of the performance
paraneters 1, 2, 5 3, of the respective sensors by neans of cal cul ati ons.

The performance parameters 1, 2, 3, each conprise: - pss,i = detection
probability per scan for targets th a particular target area for the
sensor Ns =i; 10 - R asuLQnent accuracy expressed as covari ance
matrix for the sensor T, searching tine for the search area for
the sensor Ns =i, and: - p a, i jrthe probability of false alarnms for a
sensor. 15 The calculatlon of the &hal ytical performance rameters 5

conprises calculations on the basis of the perfornmance pa a ters 1, 2, 3,
whi ch cal cul ations fuse the performance paraneters 1, 2, 3, by use of the
formulae: NS T (7-2) 20 NStss,. fie. 1=1 T (7-3) WO 03/014763

PCT/ SE02/ 01363

} . l)x&i
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o i Mt
10 (7-7)

N
< P rai
.= — T
P fa,j 2. T, |

i =] i

(7-8)



20 -rS7 r 3 1 (7-4) Pss,i Tei Ti (7-5) 5 (7-6) NK=,u~K r=1 10 (7-7)
rus r~ Jcl,t .]" Pfail _j | rr (7-8) WO 03/014763 PCT/ SEO2/ 01363 21
where T, WOIB/01463 R and pfaj conprise the anal ytical pePCoSEaIEB63 Tel
paranmeters, where Ns stands for the nunber Qf sensors in the system (here
Ns = 3) and where the subscript j stands fo?1"joi nt", that is resulting. 5
The anal ytical paranmeters can be used for analysis of probabilities for
different events that goncern the tracking procedure and are cal cul ated by

using a cal cuypéed Treasur paenjy, Rt and Tpy, cbmpriskethe analytiodlapeHoiriangess/
and 1 the probabil ftﬂ'e,ofpggl se Igl arns, a'jpf a,/, for the sensor system

together with Markov anal ysis.
parameters, where Ns stands for the number of sensors in the system (here

Ns = 3) and where the subscript j stands for “joint”, that is resulting.

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, Tl the detection probability, pss; and

i
the probability of false alarms, prj, 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

1
calculated effective measurement rate, —, for the system.

G

15 The said formulae are used to calculate 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
- the filter for the system gives a covariant matrix, P, which is read off as a
covariance matrix that gives the tracking accuracy of the sensor system at

20 each pointin a given area.

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



10 The anal ytical paraneters can be used for analysis of the system's
tracking characteristics by a filter for the sensor system being

cal cul at saolwg/ousvshg the cal cul ated effective neasurenent PCatSE)2/013¢3 f or t he
system Tei 15 The said fornul ae are used ?2 cal cul ate the sensor systems
measurenent characteristics in order to caftulate with a filter the sensor
system s tracking performance for tracking neasured objects, and in order

that - the fi r r ' luank: patrd ' | read
off as a cov%érsleégnég p%?%lj&ﬁ}eZ{B egb%l/g)z %ﬁ%ﬁlg?g\}é% %’g‘:}lggc\;cdtljg%scﬁf gp@?ﬂga 'Lognsor
system at 2Gcraséd, whaithicalcalatiogialem campeised-thet $uid famadlgsi s of t he sensor
system can be carried out by the sensor systenis stationary

characteristics being calculated by a filter's stationary state being

cal cul at ed atpgafdyifMatadi4fta ak\'[ﬁ@fﬁb%d WeESHRirR 1S Uhat infBntickd UsfigR! | ses

the said formulae. Further analysis of the sensor system can be carried out
by the semsorfusepnstodnperfdynantec paramatersr iast iabsveefarg caldutatingt enalyfical
filter being carl(cul ated WO 03/014763 PCT/ SEQ2/,01363 2t§ based on I 1 el
target paths REMCIMaRCGePaGMalers {Alna \SYSIRID '8f°§tﬁ'g1&§l i ¢ }vge:seﬁﬁ#r%h

cal cul ation ad4h 6OWRIChTRh B fegeriied berabémsor it dAh iadaplivédeasdragm of
the nmethod according to the invention using 5 fusion of performnce

par anet er s asthupdve regarded asiiseverd) diffargnitisensorpederanding near awt &1 f or

a systemis o I d LI D Lye sensors, each of which can be regarded
as a sensor s@i%é'&g%ﬁﬁgéglgp veéeé'ensor can thus be regarded as several

di fferent{igsensors, dependi ng upon how the adaptive sensor is adjusted. 10
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 example, a computer, which is also used to display the
sensor system’s performance graphically to a user of the analysis tool with
15 regard to required information, for example the system’'s detection and

tracking probabilities.

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
parameters in the form of measurement characteristics from the respective
said sensors 21, 22, 23. In order for the performance parameters to be able
to be transmitted from the respective sensor to the device 20, a means 25 is
used that is suitable for the purpose, for example an interface, that is a
25 device that converts signals, for example from analog to digital, in order to
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.



The nethod 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 dwoiiseigen be, for exanple, a conputer, which is ZCIGENFEE6I 0

di splay the sensor systenis performance gr?ghi cally to a user of the

anal ysis tool with 15 regard to required i nformation, for exanple the
systeml s detection and tracki ng probabilities. Figure 2 shows a device 20

Consr Ssvnt o BAIAE A5e Bembledd) RERGS" T TTor Fisidylcof, e pemafis © the

sensor syste rrses ensors e device
conpri ses rrema%térerb)cwdjghitinggthmmgarsmenpaoambuaoss iof thberespeaotivef

nmeasurenment characteristics from res ective, said senso
In order for S SEBEPSr Atnee %%r‘é{h’ége‘ij%‘” @ CRERIiSeE m?%”sbgs’ {oér@#iw?%g@ from
the respectivg RaRsP ekerrﬁgfgcréigmﬁ 8fs 16t theasknstr §y§ten‘1‘s\‘ﬁlﬁlc§1hﬁbah§ 27

suitabl e for the purpose xarrp e an interface, 'that 1s a 25 device
t hat convért dosi galatlafing o:anebyacmll epdrfosmanael cpgrametarg| fer then systéen i

make possibl e d t ess The ne ns, 25 ¢ al so consi st of a
ovi o thar aoeadent S b ERt Skanhmehl gRdeS 57 dndl S Thhl e ans
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exanpl e an additional computer unit, an interface or a suitable al gorlthm

in an existi rﬂJDCOUﬁt)Lﬂfeme WeiglHinu £f sthePrasneetive 03aid 3senspryh aeasweaent so

e’ moasur ek aioR; S0 Fhahss7 [oteRala i Mol PEAGEREhGe BYMGR.  00

whi ch devigce fepnipei sefsdreapsted’ domprisis; uamongg ottarathings;aimezist @8rdoce
paraneters for the sensor system which neans 27 5 for cal cul ating
anal yti cal &ﬁ%ﬁméc%@wg or the systemis independent of the
di fferent neasurenent values of the sensors in the system for exanple
random vari ations and different nmeasurenent rates, on

The device comprises means 29 for calculating a filter's stationary state at

each point over a given area.

15
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 of speed and course.

20 The device also comprises means 31 for presentation of analysis 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.

25
According 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 least one of the

30 sensors in the sensor system is an adaptive sensor.
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advant ages of the present invention, an 5 exanple wll be

of how the analysis tool increases a user's ability to an
Bt ZPRHE R FARTPEIRE, BrbBRE Gfoc et aRkbiig R prelid,
ekriowiy) eechndidgyr foeta Seridoragystericognprising évieeusansors, 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 searching time, T;, for the search area of the sensor N
=1 Aconcerns a complete revolution. Another way of indicating how a radar

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

value of the time between the measurements, that is 71_—
i

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
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
target with one measurement, that is the circles show Rspss. The first sensor
31 has a searching time T;=5s, the second sensor 32 has a searching time

T>=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
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
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10 known technol ogy for a sensor system conprising three sensors, i =
1,2,3, wth different neasurenent rates. In this case, the sensors concern
three rawero30ni7s3 t hat sweep 360 degrees, that is a conplPETSEPBVGbUL | ON
per sweep, which neans that the searching fine, Ti, for the search area of
the sensor N = 1 concerns a conpl ete revol fiti on. Another way of indicating
how a radar 15 sweeps is to specify the neasurenent rate, which neans the

reci procal value of the ti et ' , { LSLaFhgure 3
hove o coor dtteRest B beffedh HEdroy SRR RREENE AT, (mbachelc)
and Y km (t hergtwah 3hé finidset=aK s aind. t=Thes fat Ggrandsthevsecond mahosevred42 20
31, a second sensor 32 and a third sensor 33. The origin in the coordinate
system has bdegapiesceut hetwenr thetimes to6Qhand 2ils alel¥sor 32. The figure

al so shows the probabilities for detection of a target with one neasurenent
(one sweep) by circles 311, 321, 331 having been drawn for the sensors 31,
32, 33 re$pedigur § showskprirgipaily lmw desersior sy5@v0’'s pebfbinbinty intvaleatas i ng

the 25 t t wth hat . i ' h h
st sensor uskd REVG RO EenholeoT s e BisFenCades 933 Aad o

sear ching ti mxq (FAthdicat8 RphhalvBiednSEHAMRT atBahdstetprofiondfMBe rhige 1B3=25.
Figure 3 also shows a target path 34 for a target wwth a particul ar target

area 30 and cartied automtheabasis péthe ggographigakextentofithegiclgsat h consi sts of
a continuous line consisting of three straight paths with three target WO
03/ 014763 PCT/ SE02/ 01363 25 manoeuvres in between. The first target
nmanoeuvr 034 IFijgrecardhiont 8Udiagheh \ut effethive tsershing liddess, angd 41,205, ar13g and
t he second manoeuvre 342 is carried out between the tinmes t=260s_ and

t=2805 at 19. T, 43hpete trenindividualiseaspis Abwia Fbraspectyaly arperding to
r ; i i
Tt orent of rapde MG Jor R ehslf RYGRUTIGERAVE SCEFEY Bites. 15, WY ALt 00

i nt er pret ati diffedfent imesdoge target defined in the sensor area. The effective searching

times, T, are calculated as pT’ -. The searching time Te[s] is shown on the y-

15 axis and the target path’s time 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 times, Teq, 411, To, 421, T3, 431, when the detection
probability for each sensor, pss; is equal to one, that is the broken parallel
lines 412, 422, 432 indicate the searching time of the respective sensor.

20
Figure 4 shows clearly how the individual sensors’ effective searching times,
Te1, 411, Te2, 421 and To3, 431 differ from the sensor system’s effective
searching times, Ty, 441. As the effective searching time is dependent upon
the reciprocal value of the detection probability, the diagram is to be

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 t=280 (the second
target manoeuvre 342 in Figure 3) where the first sensor's 31 effective
searching time, T, 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, T, 421 approaches infinity (not shown,



carried out on the basis of the geographical extent of the circles. 10
Figure 4 shows a diagram of effective searching tinmes, Tel, 411, Tee, 421,
Te3, 431,wbos/0141€3 t hree i ndi vi dual sensors 31, 32, 33 reSPETISEVRINB63
according to Figure 3, and for the sensor stem s effective searching
times, Tej, 441, at different tinmes for a érget defined in the sensor
area. The effective searching tinmes, Ti, eare calculated as-L-. The

searching ti Te[ s] .is,sh Gun,_on t he SS,. .| e

path's tine rWO["%ﬂJ% iR i e nut- oy <! EPS[PI% o SsBE, W BRNGC

paral | el broka?jbrbk.ff@fewlzao 2 réRfoh et theriarallet Kiree 4225 pekichvmarkes facti ve
searching tines, Tel, 411  Tee, 421, Tea, 431, when the det ectlon

probability fdatectigrhprobabiity apereaching zegoder the sareNdiseRsor.santhwhsre the _
! 20 FiUiy Sbsafieds dgcBIatAnh Ning 70 HaaddrEBls Ity IpBEC! ' Ve

sensor. 20 Figure ows cl ear e I ndi ¢ Sensors
sear chi ngsti rmfbwn Tewevet,lin fl‘fef-Jflgtsirél bahdnhea, smnlydmémgrcui‘m)matrm'\cmator

systenis effecti ti Tel hi
tine is depemiaéxen 5081 A0S} s rpPDRaI O e e e e e B BBED A 1 1 .
the di agram igy @t. dmtgréﬁﬁ ﬁ&ﬁ Z2OoPahé NAlrd asehisBh vﬁéttpetea.dme

it
y-axi s neans a dgt ectio ity. The detection probabil
di m ni shes V\nprbbalhlbtydlssaarmenticrrmﬂ pieyiousbhta megsurdmentedfsihe, pr\@babﬂitmﬁ be

seen, for examle t=2 t he..sec 4 3
where the fir gtg}%grtagg ]‘.N'&} AIYEY garggggpea‘i%hg’ﬁa&%ﬁ%fp& g %TQQ}I %e%utr:leos)e
to the papal l1ght ilsltﬁﬁoﬂelgeamfrmgbrem@mwgtﬁ& tﬁets%@bh@manye@mdeuwe 84R%e to
one for the first sensor, and where the second sensor's 32 effective

sear chi ng t i rearriqeeut sutsideheitsles 3at.i 331 yor s rangasnior e cecond s
oL 02 L g SR BNE R o Dokl i 08, hgRoBDEPlY o e e
whi ch mar ks awithin the circle 31 for the range for the first sensor. Figure 4 also shows that
for the second target manoeuvre 342 in Figure 3 the sensor system’s
15 effective searching times, T;, 441 are approximately the same as for the first
sensor's 31 effective searching times, T, 411, but it should be mentioned,
however, that the sensor system’s effective searching times, Tg, 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, T4, 411 and the third sensor's 33
effective searching time, Te3, 431 increase and approach infinity respectively,
but that the second sensor's 32 effective searching time, Te, 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,
Te2, 421 has its minimum at a distance from the parallel line 422, which is a

consequence of the target’s distance from the second sensor 32.

30 The sensor system's effective searching time, T,, 441 at t=400 differs,
however, from the second sensor’'s 32 effective searching time, Te2, 421, and

is, in addition, lower. As the sensor system’s effective searching time, T,



detection probability approaching zero for the second sensor, and where the
third sensor's 33 effective searching tinme, Tea, 431 approaches infinity
(not 5 shwar3/ohgekver, in the figure, but only a sharply PCIiSEg/ewsd/e t hat
ends at approximately 430s) in relation to,the parallel line 432, which
marks a detection probability approaching 2&ro for the third sensor. The
detection probability is, as nentioned previously, a nmeasurenent of the

2 "atngl e voatt! SEHAHLBIpRef Halfineltichrl ki< 34 RRLRIT Sotficel BhdTce Y
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Fi gure 3 the sensor ective sear tinmes, Tej, 441 are
appr oxi matel ysdnserss entheaysteon, thakisfaquatly geed ©o highes Hetddtiootpirokalilityr chi ng
times, Tel, 411, but it should be nentioned, however, that the sensor
systenis effective searching tinmes, Tej, 441 are always strictly less than

the effectivergeanehidthd tHRStHeOEehdtt SPASH hhSdetied périsraifdecirametic i N
effective searching tines. 20 At a second point in Figure 4, for exanple at

t =400, it carindividsiségensers attertain peints isniseportang infermatien Jor & eseenf the

times, Tei, 411.and.th [ r' f ] ' ' Tea,
431 increase sal%eaf‘gpl&pgﬁt{g?ie%g f“i)?‘?;"%r %3296’2@??58? aﬁﬁwﬁﬁ%ﬁpﬁfﬁﬁé@ﬂ%o&%%ﬁeﬂ?
sensor' s 132 effd et Ly tn BRITQBI diyet mBBargees sufdde 25 MR itsreghed 0 thetum
which is a consequence of the target's distance fromthe respective

sensor. The sdaieel %@F@Qﬁbiﬁysgré’f’h%@tﬂ\%sgﬁ%ﬁréh?rﬁgtq infe set fpeln gpdernies s
mni mum at a gj I | 2 m?&ﬁ‘ [ ; nce
of the targetéasr&%ﬁg?genééqﬁér%m ﬁ%{%}éég l'c'i'%@ﬁrs]téf @2. ffh%l E\ghsorl f/lgfem S
ef fecti ve seadatbction protmbilifejin al particular gy rdphitalr sectiomolsg \tbe ,usker ofrthiche
second sensor's 32 e fectti ve sear chiﬂ‘% tinme,, Tee, 421, and

synergy effects that arise when sensor’s ranges oveérlap 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 invention,

for example tracking accuracies can be calculated for individual sensors and

for the sensor system respectively, and tracking probabilities for the target in

20 question for individual 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 association slots can be
obtained with varying filter dimensioning. Association slots relate to the
25 volume that applies for a target. In addition, the tracking probabilities over the
surface can be calculated analytically 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



is, in addition, lower. As the sensor system s effective searching tine,
Tej, WD 03/014763 PCT/ SE02/ 01363 27 441 at t=400 is | ower than the second
sensor' s 8D 030i46ii ve searching tine, TO 421, the sensoPCIBEVHM363
detection probability, pssj, is higher than,that of the closest sensor,
which is the second sensor 32. Thus the sengBr system has an equally good
or better effective searching tine than the individual 5 sensors in the

chowl stige 1 haAonsREs i G6h 0L slek BT panBl Tphite, Baes i huph Sthsors

i ndi vi dual sexeachadd, visich 8ensgreidne dased onEoundwavesf or mation for a user of
the system It can, for exanple, be used when planni 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 to be set up
in order to concentrate on neeting certain requirenents, for exanple 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 paraneters cal cul ated using the nethod
according to the invention, for exanple tracking accuracies can be

cal cul ated 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
di mensi oni ng. Association slots relate to the 25 volune that applies for a
target. In addition, the tracking probabilities over the surface can be
cal cul ated analytically on the basis of the anal ytical paraneters.



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 enbodinments within
the franwamskiebtdthe patent clainms, for exanple the inveRCireRIZé@IIche used
for WD 03/014763 PCT/ SE02/ 01363 28 sensors éhat are not of electromagnetic
nature. Exanples of such sensors are sonarg whi ch sensors are based on
sound waves. WO 03/014763 PCT/ SE02/01363 29 CLAIM5S 1. Method for an

anal ysi s tooICLerM§naI ysis of sensor performance for a system of sensors,
whi ch net hod €onprises analytical calculation of a 5 sensor systenis
nmeasurenent characteristics at each point in a given geographical area,

whi ch nmet hod conpri ses: obt ai ni n er f.or ypnce par.anet ers 1 3) f Ns
sensors (11, 1%, gg 21M9t§10§3or3a11 an@%? tPﬂQF ’??Y%S ﬁé%‘?g Bﬁﬁbrr%anc[eom
characteri zedg} § dR@dm of s%n%SFs Whu&?ﬂ&ﬁb&%bnﬁﬁfsfegra?ﬁ'ﬂﬁi%apééléﬂﬁhéﬁ Sof(a§5) for

the systemis calculated 10 (6) he performance paraneters (1,
bei ng fusé&d (SBnsor rsystarotsi vmaaurement ghafagtersticee at (gashe Poind hify £ct9évarst i cs

of the sensor 1,12 13: 212 ) in the systemw th regard to
the given perqecﬂ%’rﬂ 8“&5?3#@["8 @fdf%gp%g%g in that: - the analytical
perf or mance Dﬁbéféiﬁlﬂgspéﬁdnﬁérﬁ:eum‘ﬂam@fer@ﬂ@ ,3) Srdrd) Naf séhsors 18 15€2987
systerﬂs performance. 2. Method according to claim 1, characterized in that

obtai ning pett.82.28hdd 3[3a33ﬁﬁrb@feﬁf§ ip thesyster fhatastarizestinitiatiy per f or mance
par et e GnPho AP Mot gar P BPrameicAE Gl e RUBRRPIY bR scan
10 (6) by the performance parameters (1,2,3) belng 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 parameters (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 =1i;
- T: = searching time for the search area for the sensor Ns = i, and:

25 - pr,i = 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:



- R = measurenent accuracy expressed as covariance matrix for the sensor
Ns=i; - Ti = searching tinme for the search area for the sensor Ns =i, and:
25 - pfa,wo83mwhgeprobability of false alarns for a sensor PCI/SENMF01363
according to claim?2, characterized in that éhe calculation (6) of the
anal ytical performance paraneters (5) corrpri3 es calculations on the basis
of the performance paraneters (1,2,3), which calculations conprise 30 the
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15 WO 03/014763 PCT/ SE02/01363 31 N-1 S _ i=l rr (7-7) PA Pfa, |j T
= (7-8 5 where T;, T, pssj, pi, R and pfai conprise the anal ytical

per f or marwe 03@147par anet ers (5), where Ns stands for the nkEISEZI136ENSOr S
in the system and where the subscript | stg[]]ds 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 cul ated by wusing the cal cul ated neasurenent rate, - , the detection
probability, pss,; Ti and t pr obabi | ryl of false alarnms, pfaj, for the
sensor systemtogether with gkov gnf ysis. 15 5. Method according to
claim 3, characterized Fh tZ? pi,Rt_e for the sensor systemis

cal cul ated by using the dalc }g_tied’effe tive measurenent rate, - , for the
system 1 Tel - (7-7)
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where T, 71— Pssj M, R; and pg; comprise the analytical performance

6
parameters (5), where Ns 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 different events that concern the tracking procedure are calculated by
using the calculated measurement rate, Ti the detection probability, pss,

i
and the probability of false alarms, pr, for the sensor system together with
Markov analysis.

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

rate, Tl for the system.

&

20 6. Method according to claim 5, characterized in that:
- the said formulae are used to calculate 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



20 6. Method according to claimb5, characterized in that: - the said
formul ae are used to cal cul ate the sensor systeni s neasurenent

char act erwetBos47sh order to calculate with a filter the s@QIGEIBYS6EM S
tracking performance for tracking neasured_gbjects, and in order that WO
03/ 014763 PCT/ SE02/ 01363 32 - the filter f%? t he system gi ves a covari ant
matrix, P, which is read off as a covariance matrix that gives the

tracki ng accuracy. of .the sensor s . i gt hb.a. g 5 7.
Vet hod acor di 5 1T 4pae GRS 8t SlanafRilie' OruhBerisde 8RR o
stationary chajafbREé Fhathis thategives ahé ataetingy aécuraty of the SeatboBystEns bt €
bei ng cal cul ated at each point over a given area, which cal cul ation

conprises trRachapaintiprangiveRarad 8. Met hod according to claim5,
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 @i thy.gi ven vallethwdohcapdivd wndlaimodyr slearavterized dal that dhé cenabso

conprises the said fornulae: 15 9. Method according to any one of th

b ebedi ng cl SYHEM SCHANAEAN: ChEERSTFICRATe £7IHUPIBY Hhen LAY SAIBNARGARd as
a sensor SYStlf‘élh%églch%éfd sﬁeéa%om%vwgw%h%bapﬁhféw@ﬂdmﬂi&ﬁéorﬁgr@e§ensor
systemls performance conprising Ns sensors (11,12,13; 21, 22,23; 31,32, 33),
whi ch 20 devhesagbfopmutaes neans (24) for conbining performance paraneters

(1,2,3) in the formof neasurenent characteristics fromthe respective said
sensors (11,12, 13; 21,22,23; 31,32,33), characterized in that the device

conprisegg meg@ns (24, Mbthotioacddtgingntaotlaimes petdracirized ipathatehersencdr 2, 3)
by weighting of the nmeasurenent contributions of the respective said

sensors, whi csystBNgedynamic sinaraciesstinsaare caleylatest byaA flipaPeiy edlaviptetal
performance atﬁ egim&té j{a?al(el‘:l’)taigcgt ddifis B UrglY WithGiveA! HluES8P$pk8Y and

cal cul ati ng
course, which calculation also comprises the said formulae:

15 0. Method according to any one of the preceding claims,

characterized in that an adaptive sensor is regarded as a sensor system.

10. Device (20) for analytical calculation (6) of a sensor system'’s
performance comprising Ns sensors (11,12,13; 21,22,23; 31,32,33), which
20 device comprises means (24) for combining performance parameters (1,2,3)
in the form of measurement characteristics from the respective said sensors
(11,12,13; 21,22,23; 31,32,33), characterized in that the device comprises
means (24, 26) for fusion of the performance parameters (1,2,3) by weighting
of the measurement contributions of the respective said sensors, which
25 device comprises means (27) for calculating analytical performance
parameters (5) for the sensor system, which means for calculating analytical
performance parameters (5) for the sensor system is independent of the
different measurement characteristics of the sensors in the system on
account of the weighting of the measurement contribution of the respective

30 said sensors.



performance paraneters (5) for the sensor systemis independent of the

di fferent neasurenent characteristics of the sensors in the systemon
account owotoB@14e3 ghti ng of the neasurenment contribution ®CTISEe2/B6Pecti ve
30 said sensors. WD 03/014763 PCT/ SE02/0136§ 33 11. Device according to
claim 10, characterized in that the device éorrpri ses neans (29) for
calculating a filter's stationary state at each point over a given area. 5

compr ses meahG (30) 1 1 Bhenirig BRI “bablifte B Rse on

the basis ofcdmp ﬁééseﬂnebaé%eg) ﬂﬁtdwcmmngaatfm@ggtstaﬁddarglsme atadaebspdint
speed and course. 10 13 vi ce according to any one of clainms 10-12,

char act eri zedovef a giveR aga.| 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 in 15 that at |east one of the
sensors (51, 1#2.13; 21,Deviés;acsdrdidg 36)clah|m Ubecherwbenzedyst thatitbe adevamd i ve

sensor. 15. Device accordi one o | ai 10-1 cterized in
that at | eastCURRISEHS 'ﬂ‘ﬁé”%gg@ofpé C?‘\éﬂ'ai'ﬁgl%f“ g’%‘%“: é@"%‘g CSi‘PPf'?F‘e
sensor 20 s [ ¢aRedi 3P sheednepne of
clains 10- 15y§§ ar ai’tai@fegggﬁétv‘?‘fﬁiﬁ? tlaé%gt%éﬁ%‘rﬁt he sensoS?)se(lln 12, 13;
21,22,23; 31,8ur88) in the sensor systemis a radar unit. 25 17. Use of a

met hod accor di ng to clains 1-9 and a device according to clains 10-16 for
a sensor system conprising at | east one sensor.

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 system is 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 system comprising at least one sensor.



