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BACKGROUND ART
A sensor Is a device that recelves 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.
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A radar is a typical sensor as above, intended to d

_ _ , etect targets and track
30 targets using el ectromagnetic waves. The follow ng description of the
background art refers principally to radar, but as other sensors can al so

be used, {BesbhakHey Sensor |Is used instead of radar. i-~rr
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03/ 014763 2 PCT/ SE02/ 01363 A sensor's neasurenent characteristics are often

descri bed as a nunber of performance paranters: pre = the probability of
false alarns per scan in a particular partial area, 5 pa = 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 Bpgddshr's Mehsufernetedpadienstics re biten idescritmtas asusnieralf ar ea.
10 From these paraneters the sensor's average neasurenent rate (or
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together with a map of the area in question. The area that is described by

the geonetric figures is often called ,the se '
, nsor's r , .
10 From these parameters the sensor's average measurerient Fate (or effective

measurement rate), l, can be calculated as iy
T, T, T
The first three parameters, pa, 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 Rsoaq given that a target
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tracking characteristics can be described in a corresponding way 30 as for
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in particular with respect to the tracking, when the sensors have greatly
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a Kal man.filter, for gach sensor. For fusion of these values, the val ues
inthe filt@r's covariance matrix are to be fused, which

For 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



I nvol ves | aborious calculations that require a |ot of data capacity and
take a 25 long tine. A further problemis that in fusion of tracking data,
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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.
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obj ect. For use of a filter according to point 2b2 above, the neasurenents
for the different sensors are weighted, fused, using known nathemati cal
nmet hods i n which the accuracy of the weighted values, that is the variance
s 25 calwolpgpgedszaccording to the equation (7-1) bel ow KCT#SE))2/M@5:03/01476§
5 PCT/ SE02/ 01363 This equation applies, however, only if the simltaneity
described above is fulfilled, which in practice nmeans that there are no
deviations in neasurenent rate, detection characteristics or angle or
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i sadvant ages [o¥ TIPA ped PR bR S TS PpBne Wierord8 esoatip o of

di sadvant ages CI N bgy are at only an idea of the
measur ement clhae anessurement valiies eingeweighted and esrokineddin thig gase.othd of 20

range and measurement accuracy. Thics 1 '
o der (8 giveasomaRLctoions i Tae Byftror LeDRER, A1E telto Hnectorie JETE
t opogr aphi cal ggpleRcawiti the rebifethal bdagemaeasasmeot matrixgswbtained whidkence

for the Sensorgi\?gsStir%nnSSe aca‘l’\c/:rtljcl)alti%’nsffcc;F c% c%w;n(a {hré Erggkl;\é’ rfﬂi’ep.f 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:
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The invention aduptive sensurs abmngsautmnatlctandfggnw édegigipn é%ﬂ?ﬂ"ts'cal cul ati ng
anal ytically" the systenls performance paraneters, analytical performance
paranmeters, that can provide neasurenent characteristics and tracking
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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



t he abovenentioned type is a radar, but the use of the nethod according to
the invention for cal culating anal ytical perfornmance paraneters for a
sensor system can al so be used for other types of sensor. The term sensor

will 25 tReyshpsses be used in the followi ng Instead of thewsmmvnsdar. By
"cal culating analytically" Is neant cal cul ati ng expected perfornmance using
mat hemati cal nethods on the basis of known dharacteristics of the sensors
and the neasurenent objects, in contrast to calculating the performance of

a 30 real systemin a situation e ac I t rmhed out.
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characteristics at each point (for the purposes of calculation, however, a
raster of Pdints is 15 selected in practice) in a given geographical area.

The method: Comphi $nie e bosIRSof of Metree foneanaialysis focdforanalysis of s ( hat
are in the system he nmethod according to the inven on S, %Qﬁ{ﬁg&@“ zed
in that: sensor performance for a systemi of sensors, which metho p
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 Iin 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 Obtalning 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 Ns
= i;

30 - R, = measurement accuracy expressed as a covariance matrix for the
sensor Ns = |,
- T, = detection time for the search area of the sensor Ns =i, and



- a set of analytical performance paraneters for the systemis cal cul ated
by the performance paraneters being fused irrespective of the different
20 neasurenment characteristics of the sensors in the systemwth regard to
the givenypesbhapgance paraneters and in that: - the analpgriseed/olper anet er s
are used in the analysis of the performance_of the sensor system 25

bt ai ni ng perfornmance paraneters conprises 8bt ai ni ng perfornmance

parameters conprising: - pS,! = detection probability per scan (the
subscript ss refers to sin ) i al; point for targets with
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(7-8) where T1, 1, No P1, Rl and pfe | are the analytical performance
paranmeters, Tei 10 where Ns stands for the nunmber of sensors in the system
and wher e Wwhsosgbscript j stands for "joint", that is reoissneseiThe
measurenent error covariances are described_here in a conmon Cartesian
coordi nate system The resulting first covaPi ance matrix, R, for 15
measurenent errors for the sensor systemis cal cul ated using a nmethod that
differs fromknown methods, with_the difference that according to the
i nvention the contribution of theg individual sensors is to be weighted by
pi, see equation (7-6). 20 The amhl ytical paraneter Ni refers to a
wei ghti ng neasurenent for e~=contri bution to the system of each sensor in
the system consisting of the ]ﬂ‘

el

(7-6)
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(7-7)
5
N
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where Tj, ?1—, Pss;» Mi, Ry and pr; are the analytical performance parameters,
o

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 difference that according to the
invention the contribution of the individual sensors is to be weighted by
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
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the cal cul ghiggesref the anal ytical performance paranet errCTiSE02/01363 Syst em
are independent of the actual variations in the 5 neasurenent--proeesses of
the sensors in the system for exanple pss,1,0 which I's the detection
probability per scan for targets with a particular target area for the
sensor Ns =1, the neasurenent rate, T or the actual geonetric relationship
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description of previously known technol o It '
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(7-1) will be applicable, however it should be added that the equati on
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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, y; 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, ;= 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.



case of a target that is in the vicinity of the sensors i

sensors at the sane point wth the sarrg performance, whi zhtionpgﬁi;g?pl e

I nvol ves the wuse of one sensor. WO 03/014763 11 PCT/ SE02/ 01363 Accordi ng
to the i nvgalgsPiu7ed I respective of the position or perfor ronwsEoDé136he
sensors It Is possible to conbine the sensors' neasurenent val ues by each
sensor's detection tinme, T1, being divided b into NS equal time components
whi ch spread the neasurenents equally, which nmeans that the 5 nmeasurenent

val ues are conbi ned at
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| e
cal cul at ed ?or&’ﬁﬁﬂl rgg)rés)%d;mﬂ{él' H’é‘%s, Js C@huﬁgfqvmamcmmsanﬂaaermbe
ment i oned tHhat mebswentent valueg age ammb@eémt ﬂ'@ =oizlitey qrﬁgtﬁaé'“?l'ﬁ tF’)P?n X
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exanple, the p or rreasu enent ject, in
rel at
sel ect ed syst epehdvitir of each sehsat, wuhtaerimrsagﬂ m%\ea@ﬂ?m%ot@[ﬁﬂfb§'ﬁaﬁlsoan o

coordi nate sys ut can aI t

ur pose. 20" ThissHltalt misans ol T cealt Hhelibe” i BRAGH of Smiretyldd of Ln°
for targets wi Eﬁhch?o;ﬂgéttohqglbemdé@,rget area at a particular point in the
sensor system The invention also consists of a nethod for cal cul ating

tracki ng p&@formance for the sensor s
ystem both for given target paths
and al so gener gL V@¥&irefieft characteristics of the sensor system are estimated by

reading off all the analytical performance parameters calculated for the

TL' Pssj My Ry and pry It can be mentioned that through its
o

system, T},
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, uniess 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 sald formulae.



25 whol e given area. The cal cul ati on descri bed above of the [
performance for a sensor is already known, but it has not prgL?gE;P3 been
possible to calculate the tracking performance for a system of sensors
anal yti calwg.o3pizess the sinultaneity condition was fulfirdrestoz/dibes
invention can be used to calculate either fhe systents "stationary”
characteristics or the 30 system s "dynam characteristics using the
said formul ae. WO 03/014763 12 PCT/ SE02/ 01363 By the systenlis "stationary"”
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particul ar targgfioriahfStatel s aft@inad bt heoirt in 4aestioi ng to the invention, the
systemls dynam c characteristics are obtained by parallel target paths

bei ng generfated over the area and a filter being applied to these 10 target

paths. The saigl fild Cydiamsde dinaRin®! Unarackerrstcsi r it
concer ni ng theg{nanoeuv}'ll ng cha act('eri stics of theﬁ?arggpai ﬁm(;rgygte?masts
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other 111 ters heriavertief, bR B, dihefiE nembidrelits Bro Baiieathy parflel>
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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,



read off as a covariance matrix that indicates the sensor systenis tracking
accuracy at each point in a given area. The elenments in the said second
covariance matrix, P, refer to variances, for exanple variances of

posi tions,wo988f@& and accel erations. 25 30 Based on the
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obt ai ned by neans of the tracking performance described above, a nunber of
characteristics for the systemcan now be thscribed, such as, for exanpl e
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systemcan th i g e c or the
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sensor system I'C ers from previously known technol ' '
filter for Seacisesie Asdheimezsuremgnt %@39"@‘PF@ri%&fr@wsﬁrﬁa?rgéagﬁylsgpg gp ? he

sensors are i d@gé{hﬁggélﬂﬁg%eatsgg&{]gﬁ% Tag.etakg.éedg% iag?%@ggmaﬁneam thigavly an

ldea is also o I'n-thi's way ossi b

e performance of the
sensor systemoﬂ?.henessible(ﬁeribhaamﬁscfrthptsmwrcﬂyslelﬂé sensor systen s
nmeasurenent 10 characteristics as above, it is possible to calculate
probabilities for various events that affect the tracking procedure by the

utilisation ofga adapll af cthe rdessuptomerdf the esens : 1
Ssi and the proga Ky eserisor heystemactmeasysemgabi | ity,

Fogetner i h shRgprates) 95 aboverilt s pSratde 30 JidHlh profihifods fBE Vafeusy st e
consi sts of thg,dfRsitR4tOsMdct tA YRacRingt precedure by the utilisation of a calculated
measurement rate, % the detection probability, pss; and the probability of
false alarms pry, for the sensor system together with Markov analysis. The
calculated measurement rate, -7—1_1— 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.
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, , o the searching tine for the
search area of the sensor systemat a particular given poi n'?. Thi s net hod
can be wused to determ ne the detection range, that is where along a
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tracking a target, it is also inportant to know the detection criterion in
order to know when tracking is to 20 commente. The detection criterion
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in the system that is differences in nmeasurenment rate, detection 10
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The tracking characteristics are then calculated on the basis of these
measurement characteristics for the system of sensors. This can be carried

16 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 a filter, 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



nmeasur enent object. The tracking characteristics are then cal culated on the
basis of these neasurement characteristics for the systemof sensors. This
can be carried 15 out according to the invention both for given targei
paths and wb9%ofse¢s describing characteristics within a peTisEe1363 area (or
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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 Wwhich 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
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sui table wa This is nade possible by the invention making 5 possible a
si npl e cal Tl ation of the characteristics of the whole sensor system
which is what iTRelsvantoR ahraisete used for showing the effects of all targets in an

area being given 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, 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 performance if we move a sensor from one position to another?”
or "Which sensor resources are required at a particular position within the
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5 sensors in the system which, on account of their nmobility, affect the
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., “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.



performance of the system depending upon their position in relation to
other sensors. In this case, the invention can respond to whether the
nobi | e sensor can be allowed to nove in the required way, or whether the
nobi | e seng@ro3niy@exds to be redirected in order to strengtitarsevhessensor
systenm's 10 characteristics at a particular point or in a particular
geogr aphi cal area. Reference 1. Kronhamm T.®8, "Surveillance Perfornance"
Radar '95, IEEE International Radar Conference, 1995, Washi ngton, USA 15
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defined in theppaRs9ishawsa 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



10 ALTERNATI VE EMBODI MENTS Figure 1 shows a flow chart for a nethod
according to an enbodi nent of the invention. The nethod is Intended to be
used with an analysis tool for analysis of sensor performance for a system
of sensorswobigi47gf hod is preferably Intended to be usecddmsEcf/edes , but
can al so be used for other types 15 of sensgl:)r, for which reason the nore
general term "sensor" has been selected in Phe fol | ow ng text. The nethod
conprises anal ytical calculation of a sensor systenis nmeasurenent

h teristics, ' ' ' i t hod
conpr 1 ses. - ON0Eh WHRO AN A BebiatEter 2 BOAE! GiforcH S ¥oU M UL 00
are in the 20gisatisedin froatsrdistaittseléwci | itate the description of the

invention, Figure 1 shows performance paraneters 1, 2, 3 being obtai ned
fromthree sensors 11, 12, 13 that are in the system but the systemis,

of course, notg i'sqiﬁffhsbe" slth&antyhié esmbimlingsefithe perfoifhancespdrameters 1, 2,
characterized 1h that: - a set of analytical r@é)rmance paraneters 5 for
the systembs aeofctmmsev@c%ve%\ssgﬁ%@eaeﬁpgwgﬁe araneters 1, 2, 3, being
fused 7 irrespective of the different measurenment characteristics of the
sensors in the systemwith regard to the given perfornmance paraneters and
in that: - theThepbsoimancerarametess 3, 2rd €350 GOMPFIS&nal ysis 8 of the sensor

systems per f 0nTenCfyocin HiSoddiRy bhr SEAOr t8rgaatR apdhidutamtarghiuied] O (o

a user in a sufP#pr e via a display or a printout. The
anal ysi s depengti the semsddiNsi=oip, on WO 03/ 014763 19 PCT/ SE02/ 01363 which

type of analysis the user requires. A coO (o) b §snst ! | be
di scussed 1& gr é_"afé?leé’f%’f‘ng%quch@(p%%%Bhgsf%gghéﬁﬁﬁ%ggﬁf?ﬁk%z conbi ni ng
of the perfornmues; paraneters 1, 2,

- 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 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
;[
J li=1
(7-2)
20
LN,
= T 0
Iej i"..'..'] I

(7-3)



5 3, of the respecti Ve sensors by neans of cal cul ations. The perfornmance
paraneters 1, 2, 3, each conprise: - pss j = detection probability per scan
for targets with a particular target area for the sensor Ns = i; 10 - R
= nmeasur erpplosafussy acy expressed as covarlance matrix fecTiSeez/@eesor Ns
i; - T, searching time for the search area for the sensor Ns =1 , and: -
pf.,j = the probability of false alarns for2® sensor. 15 The cal cul ation of
t he anal ytical perfornmance paranmeters 5 conprises calculations on the
basi s of the performance parameters 1, 2, 3, which calculations fuse the
performance paraneters 1, 2, 3, by Use of the formulae: T NS T-1 | i
(7-2) 20 (7-3) VO 03/ 0147 PCTLSEO2/ 2/ 01363 20 71 pul - 1 T ei | Pss,i Tee

15 55,J ” !
[;j
(7-4)
1 - pss,i
I, 1
(7-5)
5
_Ly
M = T
ei
(7-6)
Ny -
Rj= Y ,U,-R;
i=1
10 (7-7)

(7-8)



A 10 (7-4) WD 03/014763 21 PCT/ SE02/ 01363 where Tj [ '

: : J, 1., pw, pi, and
PraJ conprise the analytical performance TBl par ametersl,o Wnelroe N? st ands
for the nunber of sensors in the system (here Ns = 3) and where the

subscri pt wolbengs for "joint", that is resultin 5 The mTHEEYLA
paranmeters can be used for analysis of probabi Iitgi es for di fE?Ief‘rng?t events
that concern the tracking procedure and are2tal cul ated by using a

cal cul ated nmeasurenent rate, T, the detection probability, PSSJ and the
probability of false al1arms, predJ, for the sensor systemtogether with

Mar kov anal ysigherbO 7The-ansl yti,CR} apdr pgptemprisauthbeanayital perfaraanes s of
the system s tracking Tgharacteristics by a filter for the sensor system

bei ng cal cul ated by using the cal.cuyl ated effective nme

fsortt?ne syst enparagigtars, wheresis ataneﬁzﬁzrﬁ'és W%s"ic‘?e[‘%”éj’ﬁ?‘[ﬁegfsgé’{“@gg"enio’r
ystem s ”easufvea_ﬁé}t ndWHHEr8 theslECHEE stéhd¥ faeTjoin® ith a fil

t he sensor systgm atrackl ng p%rfo?njance for J?lbabfiagguﬁggg%grmed ogj el:tts?r

and In order that - the filter for the systemgives a covariant matrix, P

which is read f as,a. | t g a ' i '

9 .
of the sensor ib§t%?ﬂ|§{°af;%éﬁéed§€‘%&gglgﬁt Bél’?éaelagro\;e?\Hﬁ?%gh&FBfoﬁﬁgpmgsnglgflgirSC)c/)f
t he sensor sysiifferentreventscthat cencerntth® frackingsprasedure Ak aie calgylatedoar y

characteristics being calculated by a filtgr's stationary state being

calculated at ggp§ aPGdlfilaedahedsgement mt@a?,vmemtem%omraba?hility. pss; and
/

the probability of false alarms, pr,, 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

calculated effective measurement rate, —T1—. for the system.
o

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 point in 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



25 conprises the said fornulae. Further analysis of the sensor

be carried out by the sensor systenis dynam’yc characteristics Egﬁlgm =
calculated by a filter being cal cul ated WO 03/014763 22 PCT/ SE02/ 01363
based on pgbabbAhet arget paths of a target with given valrgaseofoisgeed and
course, which calculation also conprises t said formul ae. An additi onal
advant age of the nethod according to the | ntion using 5 fusion of

per formance paraneters as above for cal cul ating anal ytical performance

paraneters for y i ' L e i
can be regardé’c?%gg @gg}r\alsuglr %gé/%té%ﬁs %r'\tagtéagt %gngé\n%gﬂgfagg% o ? Eﬁgd lc)a:,;dv\hl e
regarded as sesourss, whidlf ealeutationealsocemprisgscthaisatyl fopoulaRow the  adapti ve
sensor is adjusted. 10 The nethod for an analysis tool according to the
above is used preferably by a device for analytical calculation of the

zgg;g; efysaﬁmﬁn %fdg‘bggﬁade%ntfg@gpf ta?daethr?d acoordiag tootheejnweplien using
ter, used to dis t he .

gr aphi cal | yp t Juglons &t Eﬁ”qrﬁ‘@"ﬁ?lapﬁféﬁ??%aoPsmﬁsﬁ&]eigfgf Zﬁ#@%@ Eagféfl | l&gﬁnce
i nformati on, fﬁ%{o‘?ﬁ@ﬁ@é Srirfefeys fehSsydemas i dbtainad with adkpihe sensors,

probabilities gure 2 shows a device 20 for use of a method according to

an enbodi ment eagh eftwhich¢ganbrdrgared as a BRNSOE S¥BIEM: A} RIARINRSENEULCA r e
sensors, 21, éﬁpgﬁb& Feharfled 4s"So Yl BffeRATIENSEHS, TEAPBRAAG L HOWDHIR ng

per f or mance orm of neasurenent characteristi

respective saadbptieasensordd adjpsted23. In order for the performattncgS fromthe
parameters_to be able to be transmtted fromthe respective sensor to the
device 20, "a means 25 is wused that is suitable for the purpose, for

exanpl e an i nteré arghod fortani analysStodbatooeding & theoahovetis used aeaferablydby

exanple from ag %Ie?n%etfgr graaciiyttlc%‘ i‘.alitzlr}laﬁ(gr(\]I of thteosensor 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.



make possible digital data processing. The nmeans 25 can al so consist of a
device that is used as a sumation point of digital signals. Al the neans
mentioned in the text refer to devices suitable for the purpose, 30 for
exanpl e anyadgbisrgnal conputer unit, an interface or a SwCTSEIE01aé3gorithm
In an existing conputer. WO 03/014763 23 PQJ{ SE02/ 01363 The device al so
conpri ses neans 26 for fusion of the perforftance paraneters by wei ghting
t he neasurenent contributions of the respective said sensors 21, 22, 23,

whi ch devi ce ri n ; | 54 i oal vt i thal pBAsinsdritence
par anet ers fo?ﬁﬁié’eggzﬁsgfsgs§g&§%£8%h'ﬁ§%1ﬁ§ne§15fag7fug|61ﬁprt cal CB| ati n%_
anal yti cal perfarametere byaweighting $hd oneasueeragnit eantrilutions qfplbRd@sPedive: he

di fferent nmeasurenment valu t S Lo t f |l e
Fandom var at S SERRPTH 1t @2eat WARECTIGH, BoiBitalf mehs lor e ot
wei ghting of tdipiytieapgsfirranseipgirarastecs Or the zensensystemc wihich meend27 The
means 27 for cal cul ating analytical perforpance [ r §.al t he
sensor systlemfebneRlipwating a?l’iﬂbd'céf h%?*quaﬂﬁé, pﬁ@ﬁﬁ%e%g%bgrﬁ‘ecgﬁy%ﬁ%t F]ng a
covari ance matiphdoentient ¥ HEVAifiGrene TReasieemeRtanalus® dfothec sbnsoratinnthea
filter's stationary state at each pojnt over I ven area. The device

conpri ses nearsysEanior examelel randery veriafipnsand diflerenti measyieingpt @eE Qs on
the'basi s of pgralelort @EORRIGATAoff M Fedclfs shid fseblyien mambusemont  specd

and course. devi ce a nmprises means 31 for (gresent ation of
anal ysi s resul ¢enttitian. Tsemeapa @ far ealewiatinganaiylical periimange PargiRetersy; sp| ay

or a printgf. o?nh%cgélqéoqgs§sqer¢lncgﬂ%ﬂgég,mgﬁloﬂb biter ! ARyl | MBansit2d g8t one

of the sensSors
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 comprises means 30 for calculating a fiter'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 restults 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.



t he sensor systemis a passive sensor. According to a secon [

the invention, at |east one of the sensors in ?he sensor Sssfgﬁsggnggt °
active sensor. According to yet another enbodi ment of the invention, at

| east one wb obHA76330 sensors in the sensor systemis an em:eqslr:bz/(ﬁssehsor WO
03/ 014763 24 PCT/ SE02/ 01363 According to y anot her enbodi nent of the -
invention, at |east one of the sensors ineé‘he sensor systemis a radar
unit. In order toillustrate further the advantages of the present

e on o LAGoRIRTRG et ehbinBP sfibbRingtR SHNg! infiétitioh &t 6 \hiesofl B

i ncreases a u oana se the systenmi's performan

concerns the aehbysiis the sensoraysjem lpatrad@!‘rm%/ﬁ s ill ugt r at e(rzlmvmc'?h -rrgt?e(ra)éﬁggl ©
to Figures 3 and 4. Figure 3 shows a sketch of the range and target path
according to previously 10 known technology for a sensor system conprising
t hree sensors,|niorded 1@, ifustistd Hurthdrf thecadvantagas: ofréing preserd . inventioni @ncase,

Compl ot o r 8| eI il 5 ol ooyt o, el Lo ReieEbt ATRer} Bl 3, °

for the searcqoaé safthé l3gsters érfé\*mancé The examplescarmeniscthe analysiaof
Anot her way of n%lﬁlcatl ng 9 how apradar 15 sweeq ps to,specify the et on.
&l

nmeasur enent raatﬁrgwﬂaﬂhaﬁééﬁdﬁuﬁtf?éeqé’!fhﬁ%ﬁ%ce Q}Ee%? af‘ﬁe ‘ti me between the
nmeasurenents, that is T . Figure 3 shows a coordinate systemfor an area of
X km (the x-axis In the sketch) and Y km (the y-axis in the sketch). The
figure shows aFifuresd sbmsersketn:h@lthearam@cﬁm taeaes patheacearding 19 ﬁfer"&’ sor

33. Theor |n|nte ord|
t he second enlértﬂwfh 8g¥|f§ua§§en§§'r3§3%[%] "ﬁﬁgn‘é’ ﬁgﬂ‘%r&egﬁ-q@me °
detection of awhipidiffsrent ﬁhasmmmasameerrknthls (caae. theeeey)sos coneinelbres 1,
321, 331 having been d a senso Blete &
mar ki ng t he bofadaF ugits gbﬁgtepge[ {p%t e? goy ﬁlet f’%\fo‘ﬁﬁﬁﬁcﬁér‘ﬁ ebp,

whlch means that the searching 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 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
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 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
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



25 target with one neasurenent, that is the circl [

_ nt, es show R50ss. The first
sensor %1 has a searching tinme T1=5s, the second sensor 32 has a searching
time T2=1 s and the third sensor 33 has a searching tinme T3=2s. Figure 3

al so showsywg ob@{@&f path 34 for a tar i [

: get with a parti cul acTiszogeBezar ea
and with a constant speed of 250 m's. The tgrget path consi stsgof a >0
continuous line consisting of three strai ghfgpaths with three target WO
03/ 014763 25 PCT/ SE02/ 01363 manoeuvres in between. The first target

manoeuvre 341 |Is carried t {T88a diet
and t he second“ﬂ'ﬁ%{ﬁﬁré"%gwegf iﬁgﬁrw?%rg{a betr{\/\?_eeégl’%sr?gqt Esrrgémt%gsoatts 2gd
t=280s at 1 g. be‘ine@meethaesmmsmnmt:naas lat 3p @nddhe sesond mpspeuyre 342

performance is ev Si r evi.o [ [

Gi 1 or ont i rob Eaedput bowisenife ek 2780y T B2A0B BE M2, 0% conar awn 'and an
interpretation of the range is carried out on the basis of the
geographi cal extent of the circles. 10 Figure a_di aqr

ef fective éeariﬁgﬂr@g3 shews pringipally haw argens ﬁﬂstemrsége Qrglanqeg§ %m@a{%
i vi dual - senghe prebigulfy kriclh GEHIRIGYE Iy WARROI diffelemt cﬁclgsnaa1332a;r1§ef or

t he sensor sy ve searching tines di fferent

times for at asigbthatlmdloaéejl?soas bave beans@iavwsy and a"l'l'f{ie’é’l"?téﬁ?" gtthedapas i,
times, Te,, are cal Sﬂ@‘ﬁ% ge'slortpﬂagg?l%ﬁgfcgh?ﬂ?nttdfqﬁe diegigs. is shovvln gn t he

y- pss, 15 am%ag I'S shown
: on the x-axi
Figure 4 also shows three parallel broken |lines 412, 422, 432 that >

di
R i R e

to one, that ip,thg1HoplRithRas Mbiviual sersess 81232,
searching tine B the respective s:r?s 5 3 respeqtnwewmmq;ngm

i ndi vi dual senEiguge 3eﬁﬂ@(§@" the soe@éPE?ng%f“tsl (%{_‘esctlg Saéhﬁ-\rbomegl figdan, Bpw the

different times for a target defined in the sensor area. The effective searching

times, T, are calculated as—I— The searching time To[s] is shown on the y-

Pss, |

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, Te1, 411, Te2, 421, Te3, 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,
Tor, 411, Tez, 421 and Te3, 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, Te1, 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, Te2, 421 approaches infinity (not shown,



‘Sl'g!ii ;1_11, T02, 421 and Tea, 431 differ fromthe sensor system s effective
r chi Rg times, Tel, 441. As the effective searching time is dependent
upon the reciprocal value of the detection probability, the diagramis to

be 25 int egp8hfdsrS showi ng that a hi
gh val ue on the POTHE
get ection probability. The detection probability dim %I shes \I/]\nﬂ?ﬁ&t ﬁel W
tlgt ance fromthe centre of the sensor, w#&h can be seen, for exanpl e, at
80 (the second target manoeuvre 342 in Fi gure 3) where the first ’

sensor's 31 effective hi
he 413, whi diowayeke in 158" FRVBLBUSnSHy o RaBpATPl, il SURRF et enes AL 2, L
Zensor and v%ﬁo,g,h\gtéyecgm@) i6 attiva 02 thed fpemliewineedﬂ;hwhg:ht magks Bee, 421
pproaches infinity (not shown, WO 03/014763, 6 26 PCT/ 0 ﬁ@% Ia in
ggg figure, buleteetiop rrobability appreaghing Z&1p Jor thg secand Sgﬁ%( éppr OX| rrai el y
s) in relatdqng éeﬂswssaéf@b{.@é sbaramnéaanewmschsnwpbeoaheslmnfmw(ont

probablllty approaching zero he second senso and ird

sensor's 3% ef shemn, \mwar,dmthg ﬁgwﬁa buteonly 2 aé‘ﬂ}ﬂr'@ﬁ@n%%”?ﬁﬁ?%??‘gﬁ E t 5
shoun,  Nowever . L kel f41F.nHatRR o e hedlel Ires o wmoremam %aa(r)lds at

apprOX|nater ron to paraIIeI | ine 43
det ection pr obedtettidry pegimbiliac lapprpaching 250 fondhe {iird 5§8F’%ror eTH%teﬁ{é‘?%ct i on

probability is nti oned %

of detecting B’Ogépﬂl 118, A% Hn%{ﬁ@‘ﬁ%??'fﬂné(usl ar eagg ﬂ.tsﬁ?gﬂ%ﬁwwﬁ?r lrnLJItZ
scan”, 10 that gsacling anarget aith flgg/lmetargatmandaﬂstame B @oTRindle 687
nanoeuvre 342 is carried out_out 4

for the set@ndthabis by ane GC%rFéWQS%Q‘O‘%@?'P&E et%gog eﬁa’%n{)ﬂ"wé Jaziignoes

mano
sensg‘rﬂ” gl 'gﬁ r g@éfrlbﬁ Ll{]utsuab tthé Rirtles 321; aBe fBﬁttfeDrartges fon tioge semnot aedf i rst

Flgure 3 t he othisbsonsars i, 31 seemerla e S At Fen e Rede Baparigg Me, "
. Pﬁ{agx' _rlpglt 1e| y %ﬂﬁg\u@gﬁgr@@ épforﬁﬁberd;ﬂgb%ro tRSQ‘WQ@en%oBF@fréacalso'ehmatha’u ng
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, Te1, 411, but it should be mentioned,
however, that the sensor system's effective searching times, Te, 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, Tea, 431 increase and approach infinity respectively,
but that the second sensors 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,
T2, 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, Ty, 441 at t=400 differs,
however, from the second sensor's 32 effective searching time, Tez, 421, and
is, in addition, lower. As the sensor system's effective searching time, Tg



however, that the sensor systenm s effectiv [ [

, e searching tines, Tef, 441 are
always strictly less than the effective searching times for the sensor that
is located closest in effective searching tinmes. 20 At a second point in

Fi gure 4, Wwelhssuadpl e at t=400, it can be seen that '

4, : _ : t he PblI‘I‘SEDZ/lHQG’ISOI‘ s 31
effective searching times, Tel, 411 and the,jhird sensor's 33 effective
searching tinme, Tea, 431 I ncrease and appro%lch infinity respectively, but
that the second sensor's 32 effective searching tine, Tee, 421 25

appr oaches | LS, gl gy Wy (YAl than e SERRAMSINES T 22! difecid Sgirching!trhance

fromthe respe he secon sensor fect
ve search
time, TO 42 1T,,9,a421| tise semsomsystam’ sadetesh!(ahp@bﬁbﬂjm pm l@alg@pr than thﬁbéfzzz

which is a seﬂuen e of th ar get

30 The sensor tE %ﬂ%oé'c\ﬁ’ﬁ@@ ég”éer z‘s?sﬁ°g'8 %&QSFS%. Q‘% %BP%OSQ‘F? 1[ e?g
gg\é\evfg, T :]Ogdlgélsflagﬁédmlagym@rabdctﬂ Behtﬁa? affettied isearchigy tmnertgamthe individuali 21,
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time, Tef, 5D SERORInde SYStpy) % 5oad ¥F hBReCagstfat bRl cn ( ne
second sensor's 32 effective searchl ng tine, Te2| 421, the sensor system s

detection probability, pSSj, is higher than
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that the sensosymmnahafsrbmmﬁﬁ b%ﬂﬁ@ﬁWﬁﬁ@@'Wﬁlg wh@re Wcﬂ'ﬁéfe nsors

at certain
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e o e ™
or
detection probabili \ mj%r V\:hm sfatie aenpussiiol B &t 36t WydR OTHY the
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detection probability in a particular geographical saection 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 invention,
for example tracking accuracles 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



detection probability in a particul ar geographi cal section by the use of
the synergy effects that arise when the sensor's ranges overlap each

ot her. 15 Further anal yses of a target path can be carried out on the basis
of the angdysw@eds paraneters cal cul ated using the net ho#CaSE®dsaig to the
I nvention, for exanple tracking accuracies,gcan be cal cul ated for

i ndi vidual sensors and for the sensor syst%%1respectively, and tracking
probabilities for the target in 20 question for individual sensors and for
the systemrespectively. F f , ! out
over an area nEeE @gﬁgfﬁ %@9@? Ig%]ﬂ%ggﬁ%%gﬁn%ué&r?s S Ing otf lagrggg{%re ?gﬁ?usi on

i n associ at i orarélseharscwhichesenstrisaire bdsed oh soand/wayes.i | t er di nensi oni ng.
Associ ation 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 analytical paranmeters. 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 framework of
the patent clains, for exanple the invention can be used for WO 03/014763
PCT/ SE02/ 01363 28 sensors that are not of electromagnetic nature. Exanples
of such sensors are sonars, which sensors are based on sound waves. WO
03/ 014763 29 CLAI M5 PCT/ SE02/ 01363 1. Method for an anal ysis tool for

anal ysis of sensor performance for a system of sensors, which nethod
conprises analytical calculation of a 5 sensor system s neasurenent
characteristics at each point in a given geographical area, which nethod
conpri ses:



- obtaining performance paraneters (1,2,3) fromNs sensors (11,12, 13;

21,22,23; 31,32,33) that are In the system characterized i §1 t1hat; -1a set
of anal ytical performance paraneters (5) for the systemls calculated 10
(6) by theypesbhfanésance paraneters (1,2,3) being fused (7)crsEesqnssti ve of

the different neasurenent characteristics t he sensors (11 ;

_ , 12, 13;
21,22,23; 31,32,33) in the systemwth re d to the given performance
paranmeters (1,2,3) and in that: - the analytical perfornmance paraneters

(5) are used fqr lysis (8) of the 15 sensor s

_ _ ystem s performance. 2.
Met hod accordl%@@acl aim1l, characterized in that obtaining perfornmance
paraneters (1,2,3) conprises obtaining performance paraneters (1,2,3)

conprising: 20 - pss,-,= detection pr L4 ; i
parti cal ar taret " ar eaMatid farcart aBuie RRbLo} SnBls i Ybrisdf pbASRREAY 7 U
expressed as qgy aldyaRae offBéndoxs, flich Ineetisech somprises analytical calsulationiofg t i ne

for the search area for the sens = j : - i, =
probabi ity ofsqngprs@yaqem'%mﬁﬁurgﬁ@’éfgaﬁlfd%ﬁ'%ﬁ régea%@{ﬂ%ﬁtng‘ Eag%(i: m 2,

characteri zed : ' ic@k- '
A nast or S (S)dé&g}%cg Q%&?Jrﬂdﬂ mktHed cotfpriseé: the anal ytical performance

parameter's (1.2 Oblainng, RAFIQTRRO0A ATBREIATS 14 Sk Tog) o engh Rl Lol o
21992 B5 14559 35P3b are ihine bystem, 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 parameters (1,2,3) comprises obtaining performance
parameters (1,2,3) comprising:

20 - pss; = 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, = 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:
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WO 03/014763 PCT/SE02/01363
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where Tj, 1, pss/, pi, R and Pei conPrise the analytical performance TO
paraneters (5), where Ns stands for the nunmber of sensors in the system
and where the subscript j stands for "joint", i.e. resulting. 10 4. Method
accordi ng we oshages 3, characterized in that probabilitie®cTisEo2/eaBésf er ent
events that concern the tracking procedure {)e cal cul ated by wusing the

cal cul at ed neasurenent rate, T , the detectYbn probability, pssj | and the
probability of false alarns, pfs |, for the sensor systemtogether with
Mar kov anal ysis. 15 5. Method accordi ng tg claim 3, characterized in that a
filter for the sensor syste Ns cal culyred by using the cal cul ated
effective neasurenent rate, {1 s for t system TO 20 6. Method according
to claim5, characterizeR i=4that . Rt said fornulae are used to

cal cul ate the sensor systém ,—r;_eqsdrérre t characteristics in order to
calculate with a filter the nsor system s tracking per{myyance for

tracki ng nmeasured objects, and in order that WO 03/014763 32 PCT/ SE02/ 01363
- the filter for the systemgives a covariant matrix, P, which is read off
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 ﬁyii’e s stationary characteristics are
calculated by a filter's stationgmgh Stsat bei ng cal cul ated at each point
over a given area, Wwhi chl?:ﬂ,)cjjl“éti% go ¥ses the said fornul ae:

!

(7-8)

il

where T, —TJ—, Pss; My Ry and pry comprise the analytical performance
o

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, 7_1— the detection probability, pss;

J
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, —1—, for the system.
Ty

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



10 8. Method according to claimb5, characterized in that the sensor
systemls dynam c characteristics are calculated by a filter being

cal cul ated based on parallel target paths of a target with given val ues of
speed and wg@slhHgss Whi ch cal cul ation al so conprises the sairtebnosasl ae: 15
9. Method according to any one of the preceding clains, characterized in
that an adaptive sensor is regarded as a setfsor system 10. Device (20) for
anal ytical calculation (6) of a sensor systenmis performance conprising Ns

sensors (11,12,13;,..21,.22 23: 31 ' : [ ' ns
(24 For \ condi-HRGUBEIT nsakeBdved s ENpft el By uifif RTBRULIPasEa
measur enent chgyvagamid Aatristhat glves the teckingt accaracyi of thersanser systemiat 13;
21,22,23; 31,32,33), characterized in that the device conprises neans (24,

26) for fusiorfash Roid InaIENARIRBe paraneters (1,2,3) by weighting of the
measur enent contributions of the respective said sensors, which 25 device

conpri ses ne 27) f | cul ati | ytical f 5
For L he- SerforT.syat m Nathah apeaiding s Ch i aarsesad Tt T4 8 SBERS Tmnce.
par amet er s (S)QIPQC -gg?atﬁ,ﬂ(g@p%@?ﬁbﬁmds%rb%wm@@ay aofilteirB &statidnbhestate

measur enent ch eristl e sensors in the system on account of the
wei ghting of teingealsulateteatieachpointioyer a given ared whichealcvighion sgmpLpep
sensors. WO 03{ 014%&% 33I g,CT/ SE02/ 01363 11. Device according to claim 10,
characteri zed g SHEPTHE®evi ce conprises nmeans (29) for calculating a
filter's stationary state at each point over a given area. 5 12. Device

according to claim 10, cgharacterized.in,.t L& i bS§hsBEANS

(30) for cHcuBating a '\ﬁ?(?'? rCCq %ﬁﬁt%%ﬁ@?%c%%ﬁ?%gﬁ%@(%qt ﬂe l:'.basi s of

parall el targefydiahfasafriimié charagedristics largicalenlated by fiber beieg galonlated our se.
based on parallel target paths of a target with given values of speed and
course, which calculation also comprises the said formulae:

165 9. 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 sald sensors.



10 13. Device

at | east one of the sensors (11, 12,13; 21,22,23; 31, 32,33)

according to any one of clainms 10-12, characterized in

systemis a passive sensor. 14. Device according to any one of clai
10- 12, chagpGbMisdresed in 15 that at |east one 019 t he sgnmmm()ﬂm;mslrzmla
21,22,23; 31,32,33) in the sensor systemis an active sensor. 15. Devi ce
according to any one of clains 10-12, chara®ierized in that at |east one
of the sensors (11,12,13; 21,22,23; 31,32,33) in the sensor 20 systemis

haracter | sed Th i hat BPFRAEcoRD Bt Sk 02 aRkRripa fhHang ke,

_ ' Thearss/ (299 for caleulatindpa filtei's statibnary. statscatogach paibhod
according to clainms 1-9 and a device according to clainms 10-16 for aO

31,32,33) Int

sensor system

10

15

20

25

Q@M ea: | east one sensor.

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.

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
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
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.

17. Use of a method according to claims 1-8 and a device according
to claims 10-16 for a sensor system comprising at least one sensor.

t hat

in the sensor



