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ANALYTICAL ESTIMATION OF PERFORMANCE 
OF A SENSOR SYSTEM 

TECHNICAL FIELD 

[0001] Method for an analysis tool for analysis of the 
sensor performance of a system of sensors, Which method 
comprises analytical calculation of a sensor system’s mea 
surement characteristics at each point in a given geographi 
cal area. The method comprises obtaining performance 
parameters from Ns sensors that are in the system. The 
invention also relates to a device for use of the method and 
to the use of the method and the device. 

BACKGROUND ART 

[0002] A sensor is a device that receives signals of various 
types, for example 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 re?ected 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 the time it takes for a pulse 
signal to return and by using a directional antenna. The 
passive or active sensor has predetermined speci?c charac 
teristics. 

[0003] A further type of sensor is an adaptive sensor, 
Which can be caused to 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. 

[0004] A radar is a typical sensor as above, intended to 
detect targets and track 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. 

[0005] A sensor’s measurement characteristics are often 
described as a number of performance parameters: 

[0006] pfa=the probability of false alarms per scan in a 
particular partial area, 

[0007] pss=detection probability per scan (the subscript 
ss refers to single scan) for targets With a particular 
target area, 

[0008] R=measurement accuracy, here expressed as a 
covariance matrix, and 

[0009] T=detection time for the sensors search area. 

[0010] From these parameters the sensor’s average mea 
surement rate (or effective measurement rate), 

[0011] can be calculated as 
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[0012] The ?rst three parameters, pfa, p55 and R, often vary 
across the sensor’s search area. The detection ability of the 
sensor can, for example, be given a value by calculating the 
distance from the sensor Where the probability of detection 
is 0.5. This distance is often called R5055. By means of this 
value, the sensor’s detection characteristics can be shoWn 
graphically by means of geometric ?gures in the form of 
circles or parts of circles Where the value R505s is scaled in 
such a Way that the scaled value of R505s constitutes the 
radius of the said ?gures, preferably together With a map of 
the area in question. The area that is described by the 
geometric ?gures is often called the sensor’s range. 

[0013] Certain existing planning tools (analysis tools) for 
sensors are based on 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. 

[0014] Asensor’s tracking characteristics can be described 
in a corresponding Way as for the said detection character 
istics, With a range R505s given that a target approaches the 
sensor radially at a particular speed. This is described in 
Reference 1. 

[0015] Problems arise When the performance of a system 
of sensors is to be calculated. The difficulty consists of 
obtaining an idea of the system’s characteristics, in particu 
lar With respect to the tracking, When the sensors have 
greatly varying characteristics, not only With regard to the 
ranges but also With regard to other characteristics such as 
measurement rate, measurement accuracy and false alarms. 

[0016] For tracking of targets measured by a plurality of 
sensors, the ?ltering of target data is already knoWn. The tWo 
most common techniques are: 

[0017] 1. The sensors track the target separately and 
the result is thereafter fused. 

[0018] 2. The measurements are fused and a tracking 
?lter is thereafter used on the resulting measurement. 

[0019] These methods relate to fusion of data in real 
systems, but can in principle also be applied for certain 
analysis analysis. 
[0020] The ?ltering of target data according to point 1 
comprises the calculation of a tracking ?lter, often a Kalman 
?lter, for each sensor. For fusion of these values, the values 
in the ?lter’s covariance matrix are to be fused, Which 
involves laborious calculations that require a lot of data 
capacity and take a 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. 

[0021] In ?ltering target data according to point 2, a 
plurality of variants can arise, tWo of Which variants (2a and 
2b) Will be illustrated in greater detail beloW. This is also 
described in Reference 3. 

[0022] For fusion according to 2a, the fusion consists in 
the actual case of the measurement data being processed in 
the chronological order in Which they are received, that is 
the contributions from the different sensors are received at 
different times and are processed by a common ?lter. This is, 
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however, not applicable in the analytical case in Which an 
evaluation of a system’s performance is to be carried out. 
Actual measurement values are then not available, but only 
the general characteristics of the measurement values as 
described above. A fusion of these characteristics is to be 
carried out, but there are problems relating to randomness. 

[0023] For fusion according to 2b, the measurements are 
fused before they are passed through a tracking ?lter. This 
can be carried out in tWo Ways (2b1 and 2b2). In order to be 
able to utilise a ?lter according to 2b1, simultaneity is 
required for the measurements that are being fused. By 
simultaneity is meant here that the measurements are carried 
out at the same moment for all the sensors in the system and 
that there are no deviations in the measurement rate, detec 
tion characteristics or angle or distance to the measurement 
object. For use of a ?lter 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 calculated 
according to the equation (7-1) beloW. 

[0024] This equation applies, however, only if the simul 
taneity described above is ful?lled, Which in practice means 
that there are no deviations in measurement rate, detection 
characteristics or angle or distance to the measurement 
object. The probability of these criteria being ful?lled for a 
system of sensors that are tracking a mobile measurement 
object is very small, almost non-existent. 

[0025] For fusion according to 2b2, the measurement 
vector is increased, instead of the measurement values being 
Weighted and combined. In this case, the measurement 
contributions of the different sensors are added to a vector in 
sequence, With the result that a large measurement matriX is 
obtained Which gives intensive calculations for calculating 
the tracking ?lter. In order to illustrate the problem, it can be 
mentioned that a measurement vector With n elements gives 
rise to a covariance matriX of n2 elements. Simultaneity is 
also required in the 2b2 case, With the problems mentioned 
above in the discussion concerning 2b1. 

[0026] 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 range and measure 
ment 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 eXpected to pro 
vide. 

[0027] 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 calculated and 
described during design and purchasing. There is in addition 
an increasing need: 
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[0028] to evaluate necessary sensor resources (or 
alternatively, hoW eXisting resources are best to be 
utilised), in planning an assignment in Which sensors 
are to be used, 

[0029] to match the sensor resources to the situation 
in question in real time; so called reactive searching, 

[0030] to evaluate the effect of possible or proposed 
measures/changes for adaptive sensors, both as auto 
matic and manual “decision supports”. 

[0031] Further disadvantages of previously knoWn tech 
nology are that the requirements that are described above 
cannot be ful?lled by previously knoWn analysis methods. 

DISCLOSURE OF INVENTION 

[0032] The invention aims to solve the problems/disad 
vantages that are described 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 perfor 
mance parameters, analytical performance parameters, that 
can provide measurement characteristics and tracking per 
formance at each point in a 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 perfor 
mance parameters for a sensor system can also be used for 
other types of sensor. The term sensor Will therefore be used 
in the folloWing instead of the term radar. 

[0033] By “calculating analytically” is meant calculating 
eXpected performance using mathematical methods on the 
basis of knoWn characteristics of the sensors and the mea 
surement objects, in contrast to calculating the performance 
of a real system in a situation Where actual measurements are 
carried out. In cases Where there are random phenomena, 
?rstly effective values for characteristics/performance and 
secondly spread measurements for variations around the 
effective values are calculated analytically. The effective 
value is calculated using formulae Which are presented in the 
folloWing teXt, Where the subscript “e” stands for the effec 
tive parameter. 

[0034] The problem of sensor systems according to pre 
viously knoWn technology consists partly of the fact that the 
sensors can have varying measurement characteristics, and 
partly of calculating tracking performance not only for a 
given target path, but also calculating performance over the 
surface (volume) that the sensor system is to monitor. 

[0035] The invention thus consists of a method for an 
analysis tool for analysis of sensor performance for a system 
of sensors, Which method comprises analytical calculation 
of a sensor system’s measurement characteristics at each 

point (for the purposes of calculation, hoWever, a raster of 
points is selected in practice) in a given geographical area. 
The method comprises obtaining performance parameters 
from N5 sensors that are in the system. The method accord 
ing to the invention is characteriZed in that: 

[0036] a set of analytical performance parameters for 
the system is calculated by the performance param 
eters being fused irrespective of the different mea 
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surement characteristics of the sensors in the system 
With regard to the given performance parameters and 
in that: 

[0037] the analytical parameters are used in the 
analysis of the performance of the sensor system. 

[0038] Obtaining performance parameters comprises 
obtaining performance parameters comprising: 

[0039] pssi=detection probability per scan (the sub 
script ss refers to single scan) at a particular point for 
targets With a particular target area for the sensor 

Ns=i; 
[0040] Ri=measurement accuracy expressed as a 

covariance matrix for the sensor Ns=i; 

[0041] Ti=detection time for the search area of the 
sensor Ns=i, and 

[0042] pfai=the probability of false alarms for a sen 
sor Ns=i. 

[0043] The calculation of the analytical performance 
parameters comprises calculations based on selected perfor 
mance parameters, Which calculations comprise the formu 
lae: 

NS *1 (7-7) 

R7 = MIRFI 
[:1 

[0044] Where 

1, , TE] 

[0045] p55], pi, RJ- and pfa)j are the analytical performance 
parameters, Where NS stands for the number of sensors in the 
system and Where the subscript j stands for “joint”, that is 
resulting. 
[0046] The measurement error covariances. are described 
here in a common Cartesian coordinate system. The result 
ing ?rst covariance matriX, Rj, for measurement errors for 
the sensor system is calculated using a method that differs 
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from knoWn methods, With the difference that according to 
the invention the contribution of the individual sensors is to 
be Weighted by pi, see equation (7-6). 

[0047] The analytical parameter pi refers to a Weighting 
measurement for the contribution to the system of each 
sensor in the system, consisting of the effective measure 
ment rate, 

[0048] for the sensor Ns=i, being divided by the analytical 
parameter “effective measurement rate for the system”, 

1 

TE] 

[0049] The Weighting by pi means that the calculations of 
the analytical performance parameters for the system are 
independent of the actual variations in the measurement 
processes of the sensors in the system, for eXample ps5)i 
Which is the detection probability per scan for targets With 
a particular target area for the sensor Ns=i, the measurement 
rate 

1 

Ti 

[0050] or the actual geometric relationship of the mea 
surement object to the respective sensor. This means that the 
invention has solved the problem of analytically calculating 
performance for a system of sensors With different measure 
ment characteristics With regard to the given performance 
parameters. The sensor system can thus be regarded as one 
sensor for speci?ed analytical purposes. 

[0051] In the description of previously knoWn technology, 
it Was mentioned that fusion of the measurements according 
to 2b and equation (7-1) are applicable provided that the 
conditions for simultaneity are ful?lled, Which is itself 
unrealistic, for Which reason such methods are not appli 
cable for calculating the performance of the sensor system 
according to the invention. According to the above, pi is used 
in the equation (7-7) in order to Weight the contribution of 
the sensors and make possible fusion and calculation of the 
performance of a sensor system. When there is simultaneity, 
in certain cases, pi=1 and the equation (7-1) Will be appli 
cable, 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 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. 

[0052] According to the invention, irrespective of the 
position or performance of the sensors it is possible to 
combine the sensors’ measurement values by each sensor’s 



US 2004/0243344 A1 

detection time, Ti, being divided up into NS equal time 
components Which spread the measurements equally, Which 
means that the measurement values are combined at the 
common created moments of time for the time components. 
In this Way, an average is obtained for the behaviour of each 
sensor, With an increase in the variance of N5 in siZe as a 
result. By means of the said method, the problem of simul 
taneity and synchronisation is avoided. 

[0053] The measurement characteristics of the sensor sys 
tem are estimated by reading off all the analytical perfor 
mance parameters calculated for the system, 

[0054] p55], pi, RJ- and pfaj. It can be mentioned that 
through its different elements in the matriX, the covariance 
matriX, Rj, corresponds to the 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. 

[0055] The analytical parameter pSS)]-=detection probabil 
ity per scan for targets With a particular target area at a 
particular point in the sensor system. 

[0056] The invention also consists of a method for calcu 
lating tracking performance for the sensor system, both for 
given target paths and also generally over the Whole given 
area. The calculation described above of the tracking per 
formance for a sensor is already knoWn, but it has not 
previously been possible to calculate the tracking perfor 
mance for a system of sensors analytically, unless the 
simultaneity condition Was ful?lled. The invention can be 
used to calculate either the system’s “stationary” character 
istics or the system’s “dynamic” characteristics using the 
said formulae. 

[0057] By the system’s “stationary” characteristics is 
meant that a ?lter’s stationary state is calculated at each 
point over the area, that is identical measurements are 
carried out over a period of time until a ?ctitious stationary 
state, a quasi-stationary state, is attained at the point in 
question. 

[0058] By the system’s “dynamic” characteristics is meant 
the system’s characteristics given particular target speed and 
target course. According to the invention, the system’s 
dynamic characteristics are obtained by parallel target paths 
being generated over the area and a ?lter being applied to 
these target paths. The said ?lter can be dimensioned accord 
ing to various forecasts concerning the manoeuvring char 
acteristics of the target in order to illustrate the system’s 
ability to track under the prevailing conditions. A suitable 
?lter for the invention is a Kalman ?lter, but there can be 
other ?lters that are suitable for the invention. 

[0059] 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 ?lter the sensor system’s tracking perfor 
mance for tracking measured objects. The ?lter for the 
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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. 

[0060] 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 con?ict With other 
targets or false alarms, the number of targets that can be 
tracked, etc. 

[0061] A great advantage of the method according to the 
invention of analytically calculating tracking performance 
for a sensor system according to the above, is that the sensor 
system’s measurement characteristics are de?ned at each 
point in the space. The tracking characteristics for the 
system can thereby be calculated by using only one tracking 
?lter for the sensor system, Which differs from previously 
knoWn technology in Which a ?lter for each sensor is used. 
As the measurement characteristics of the sensors are ideally 
stored together (all the measurements are used) an idea is 
also obtained in this Way of the possible performance of the 
sensor system. 

[0062] By means of the description of the sensor system’s 
measurement characteristics as above, it is possible to cal 
culate probabilities for various events that affect the tracking 
procedure by the utilisation of a calculated measurement 
rate, 

1 

Tj, 

[0063] the detection probability, ps5]- and the probability of 
false alarms pfaj, for the sensor system together With 
Markov analysis. The calculated measurement rate, 

[0064] consists of the reciprocal value of the analytical 
parameter, Tj, 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 ?rst time. When tracking a target, it is also 
important to knoW the detection criterion in order to knoW 
When tracking is to 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 ful?lled, and corre 
sponding termination criteria, that is Where and When the 
tracking is terminated. All these cases can be 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. 

[0065] As mentioned above, it is also possible according 
to the invention to utilise the sensor system’s measurement 
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characteristics in calculating a ?lter for the tracking char 
acteristics of the sensor system. For calculating a ?lter for 
tracking characteristics, the calculated effective measure 
ment rate, 

[0066] for the system is utilised, Which effective measure 
ment rate is a form of averaging of the measurement rates of 
the sensors in the system according to the formula (7-3). The 
detection probability, piss, then becomes equal to 1 for the 
system. The effective measurement rate is used to eliminate 
random errors in the system, that is differences in measure 
ment rate, detection characteristics (detection probability, 
etc) or angle or distance to the measurement object. 

[0067] The tracking characteristics are then calculated on 
the basis of these measurement characteristics for the system 
of sensors. This can be carried out according to the invention 
both for given target paths and also for describing charac 
teristics Within a particular area (or volume). 

[0068] 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) of a ?lter, for 
eXample a Kalman ?lter, 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 character 
istics in an area, the folloWing steps are carried out accord 
ing to the invention: 

[0069] 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 character 
istics 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 characteristics are calculated 
that are intended to be illustrated. Methods for carrying this 
out can be read in Reference 1. Certain tracking character 
istics are dependent upon the direction of the target path in 
relation to the measuring sensors. 

[0070] 2. Dependent upon the requirements and/or the 
application, the tracking characteristics can noW be selected 
to be represented by three-dimensional graphs (Where the 
height coordinate represents the value of the characteristic) 
of the selected area, With “level curves” marking the areas 
Where the characteristics ful?l certain conditions or With a 
single numeric value by the characteristics being integrated 
over the selected area. 

[0071] For adaptive sensors, the measurement rate is not 
knoWn in advance, but depends upon the number of targets 
and upon hoW the sensor’s time is divided betWeen different 
tasks, for eXample the sensor’s search frequency can be 
changed. According to the invention, a system of such 
sensors, or system of sensors in Which such sensors are 
included, can be analysed/described as folloWs: 

[0072] 1. Measurements of the search function and track 
ing function are de?ned as separate “sensors”, as above, and 
they are combined according to the technique described 
above according to the invention. As an eXample, it can be 
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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. 

[0073] 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. 

[0074] 3. A sensor system’s combined adaptive capabili 
ties can be analysed by the system’s measurement charac 
teristics being determined in the Way that Was described 
above. In the same Way as for a single adaptive sensor, the 
effects of a selected distribution betWeen the sensor system’s 
searching and tracking “tasks” can noW be shoWn. In addi 
tion, it can, according to the invention, hereby be shoWn hoW 
the resources can be divided betWeen the sensors in a 

suitable Way. This is made possible by the invention making 
possible a simple calculation of the characteristics of the 
Whole sensor system, Which is What is to be optimised. 

[0075] 4. The invention is particularly suitable for shoW 
ing the performance of an adaptive sensor system, given that 
certain target paths are generated. 

[0076] The invention can also be used for shoWing the 
effects of all targets in an area being given a particular 
tracking quality, given that a particular target density is 
speci?ed. 

[0077] 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 character 
istics of the sensor system, the measurement characteristics 
are 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 mea 
surement errors by a covariance matriX as above is not 
suf?cient. The invention is thereby Well suited for use of 
techniques described in Reference 2, With, for eXample, 
multiple Kalman ?lters or eXtended Kalman ?lters. 

[0078] As an eXample of the advantages of the invention, 
it can be mentioned that a management centre can continu 
ally make forecasts of a sensor system’s performance and 
respond to queries such as, for example, “What happens to 
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 range of the 
system in order for the system to have a suf?ciently high 
capacity at the given location?”. 

[0079] Another eXample of hoW the invention can be used 
is When there are mobile sensors in the system, Which, on 
account of their mobility, affect the performance of the 
system depending upon their position in relation to other 
sensors. In this case, the invention can respond to Whether 
the mobile sensor can be alloWed to move in the required 
Way, or Whether the mobile sensor needs to be redirected in 
order to strengthen the sensor system’s characteristics at a 
particular point or in a particular geographical area. 

[0080] Reference 1: Kronhamn T. R., “Surveillance Per 
formance”, Radar ’95, IEEE International Radar Confer 
ence, 1995, Washington, USA. 
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[0081] Reference 2: Kronhamn T. R., “Target Range Esti 
mation With Cooperating Airborne Passive Sensors”, Radar 
’97, IEEE International Radar Conference, Edinburgh, UK, 
1997. 

[0082] Reference 3: Gan Q., Harris J. C., “Comparison of 
TWo Measurement Fusion Methods for Kalman-?lter Based 
Multisensor Data Fusion”, IEEE Trans. on AES, Vol. 37, No. 
1, pp 273-280, January 2001. 

DESCRIPTION OF DRAWINGS 

[0083] The invention Will be described beloW in greater 
detail, using examples of embodiments and With reference to 
the attached draWings, in Which: 

[0084] FIG. 1 shoWs a How chart of a method according 
to an embodiment of the invention. 

[0085] FIG. 2 shoWs a device for the use of a method 
according to the invention. 

[0086] FIG. 3 shoWs a sketch of range and target path 
according to previously knoWn technology for an exemplary 
sensor system comprising three sensors, i=1,2,3, With dif 
ferent measurement rates. 

[0087] FIG. 4 shoWs a diagram of effective searching 
times, Tei, for three individual sensors according to FIG. 3, 
and effective searching times, Tej, according to the invention 
for the sensor system at different times for a target de?ned 
in the sensor area. 

ALTERNATIVE EMBODIMENTS 

[0088] FIG. 1 shoWs a How 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 prefer 
ably intended to be used for radar, but can also be used for 
other types 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 sys 
tem’s measurement characteristics at each point in a given 
geographical area, Which method comprises: 

[0089] obtaining performance parameters 1, 2, 3 
from N5 sensors that are in the system. In order to 
facilitate the description of the invention, FIG. 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: 

[0090] a set of analytical performance parameters 5 
for the system is calculated 6 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: 

[0091] the analytical parameters are used for analysis 
8 of the sensor system’s performance. 

[0092] 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 Which type of 
analysis the user requires. Acouple of different analyses Will 
be discussed in greater detail beloW. 
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[0093] By “being fused” is meant the combining of the 
performance parameters 1, 2, 3, of the respective sensors by 
means of calculations. 

[0094] The performance parameters 1, 2, 3, each com 
prise: 

[0095] pssi=detection probability per scan for targets 
With a particular target area for the sensor Ns=i; 

[0096] Ri=measurement accuracy expressed as cova 
riance matriX for the sensor Ns=i; 

[0097] Ti=searching time for the search area for the 
sensor Ns=i, and: 

[0098] pfai=the probability of false alarms for a sen 
sor. 

[0099] 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: 

NS *1 (7-2) 

Tj : TF1] 

l 

1- TE] 

[0101] p55], pi, RJ- and pfad- comprise the analytical perfor 
mance 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. 

[0102] 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 measure 

ment rate, 
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[0103] the detection probability, ps5]- and the probability of 
false alarms, pfaj, for the sensor system together With 
Markov analysis. 

[0104] The analytical parameters can be used for analysis 
of the system’s tracking characteristics by a ?lter for the 
sensor system being calculated by using the calculated 
effective measurement rate, 

[0105] for the system. 

[0106] The said formulae are used to calculate the sensor 
system’s measurement characteristics in order to calculate 
With a ?lter the sensor system’s tracking performance for 
tracking measured objects, and in order that 

[0107] the ?lter 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. each point in a given area. 

[0108] Further analysis of the sensor system can be carried 
out by the sensor system’s stationary characteristics being 
calculated by a ?lter’s stationary state being calculated at 
each point over a given area, Which calculation comprises 
the said formulae. 

[0109] Further analysis of the sensor system can be carried 
out by the sensor system’s dynamic characteristics being 
calculated by a ?lter being calculated based on parallel target 
paths of a target With given values of speed and course, 
Which calculation also comprises the said formulae. 

[0110] An additional advantage of the method according 
to the invention using fusion. of performance parameters as 
above for calculating analytical performance parameters for 
a system is obtained With adaptive sensors, each of Which 
can be regarded as a sensor system. An adaptive sensor can 
thus be regarded as several different sensors, depending 
upon hoW the adaptive sensor is adjusted. 

[0111] The method for an analysis tool according to the 
above is used preferably by a device for analytical calcula 
tion 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 regard to required information, for 
eXample the system’s detection and tracking probabilities. 

[0112] FIG. 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, 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 
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that is suitable for the purpose, for eXample an interface, that 
is a 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. 

[0113] All the means mentioned in the teXt refer to devices 
suitable for the purpose, for eXample an additional computer 
unit, an interface or a suitable algorithm in an eXisting 
computer. 

[0114] The device also comprises means 26 for fusion of 
the performance parameters by Weighting the measurement 
contributions of the respective said sensors 21, 22, 23, Which 
device comprises means 27 for calculating analytical per 
formance parameters for the sensor system, Which means 27 
for calculating analytical performance parameters for the 
system is independent of the different measurement values 
of the sensors in the system, for eXample random variations 
and different measurement rates, on account of the Weight 
ing of the respective said sensors’ measurement contribu 
tion. The means 27 for calculating analytical performance 
parameters for the sensor system comprises, among other 
things, means 28 for calculating a covariance matriX. 

[0115] The device comprises means 29 for calculating a 
?lter’s stationary state at each point over a given area. 

[0116] The device comprises means 30 for calculating a 
?lter’s dynamic characteristics on the basis of parallel target 
paths for a target With given values of speed and course. 

[0117] The device also comprises means 31 for presenta 
tion of analysis results to a user. Such a means 31 can, for 
eXample, be a display or a printer. 

[0118] According to an embodiment of the invention, at 
least one of the sensors in the sensor system is a passive 
sensor. 

[0119] According to a second embodiment of the inven 
tion, at least one of the sensors in the sensor system is an 
active sensor. 

[0120] According to yet another embodiment of the inven 
tion, at least one of the sensors in the sensor system is an 
adaptive sensor. 

[0121] According to yet another embodiment of the inven 
tion, at least one of the sensors in the sensor system is a radar 
unit. 

[0122] In order to illustrate further the advantages of the 
present invention, an eXample Will be given beloW of hoW 
the analysis tool increases a user’s ability to analyse the 
system’s performance. The eXample concerns the analysis of 
a target path and is illustrated With reference to FIGS. 3 and 
4. 

[0123] FIG. 3 shoWs a sketch of the range and target path 
according to previously knoWn technology for a sensor 
system comprising three sensors, i=1,2,3, With different 
measurement rates. In this case, the sensors concern three 
radar units that sWeep 360 degrees, that is a complete 
revolution per sWeep, Which means that the searching time, 
Ti, for the search area of the sensor N=1 concerns 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 
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[0124] FIG. 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 ?gure shows a ?rst 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 
?gure 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 R5055. 
The ?rst sensor 31 has a searching time T1=5s, the second 
sensor 32 has a searching time T2=1s and the third sensor 33 
has a searching time T3=2s. 

[0125] FIG. 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 manoeuvres in betWeen. 
The ?rst target manoeuvre 341 is carried out betWeen the 
times t=110s and t=120s at 3 g and the second manoeuvre 
342 is carried out betWeen the times t=260s and t=280s at 1 
g. 

[0126] FIG. 3 shoWs principally hoW a sensor system’s 
performance is evaluated using previously knoWn technol 
ogy, in Which the different circles 311, 321, 331 that indicate 
R505s have been draWn and an interpretation of the range is 
carried out on the basis of the geographical extent of the 
circles. 

[0127] FIG. 4 shoWs a diagram of effective searching 
times, Tel, 411, T62, 421, T63, 431, for the three individual 
sensors 31, 32, 33 respectively according to FIG. 3, and for 
the sensor system’s effective searching times, Tej, 441, at 
different times for a target de?ned in the sensor area. The 
effective searching times, Tei, are calculated as 

[0128] The searching time Te[s] is shoWn on the y-axis 
and the target path’s time t [s] is shoWn on the x-axis. FIG. 
4 also shoWs three parallel broken lines 412, 422, 432 that 
indicate the respective effective searching times, Tel, 411, 
T62, 421, T63, 431, When the detection probability for each 
sensor, ps5)i is equal to one, that is the broken parallel lines 
412, 422, 432 indicate the searching time of the respective 
sensor. 

[0129] FIG. 4 shoWs clearly hoW the individual sensors’ 
effective searching times, Tel, 411, T62, 421 and T63, 431 
differ from the sensor system’s effective searching times, 
Tej, 441. As the effective searching time is dependent upon 
the reciprocal value of the detection probability, the diagram 
is to be 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 
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manoeuvre 342 in FIG. 3) Where the ?rst sensor’s 31 
effective searching time, Tel, 411 lies close to the parallel 
line 412, Which marks a detection probability close to one 
for the ?rst sensor, and Where the second sensor’s 32 
effective searching time, T62, 421 approaches in?nity (not 
shoWn, hoWever, in the ?gure, but only a sharply rising 
curve that ends at approximately 330s) in relation to the 
parallel line 422, Which marks a detection probability 
approaching Zero for the second sensor, and Where the third 
sensor’s 33 effective searching time, T63, 431 approaches 
in?nity (not shoWn, hoWever, in the ?gure, but only a 
sharply rising curve that ends at approximately 430s) in 
relation to the parallel line 432, Which marks a detection 
probability approaching Zero for the third sensor. The detec 
tion probability is, as mentioned previously, a measurement 
of the probability of detecting a target With a given target 
area and distance by a “single scan”, that is by one scan. 
FIG. 3 shoWs that the second target manoeuvre 342 is 
carried out outside the circles 321, 331 for the ranges for the 
second and third sensors 32, 33, respectively, and that the 
manoeuvre is carried out Within the circle 31 for the range 
for the ?rst sensor. FIG. 4 also shoWs that for the second 
target manoeuvre 342 in FIG. 3 the sensor system’s effec 
tive searching times, Tej, 441 are approximately the same as 
for the ?rst sensor’s 31 effective. searching times, Tel, 411, 
but it should be mentioned, hoWever, that the sensor sys 
tem’s effective searching times, Tej, 441 are alWays strictly 
less than the effective searching times for the sensor that is 
located closest in effective searching times. 

[0130] At a second point in FIG. 4, for example at t=400, 
it can be seen that the ?rst sensor’s 31 effective searching 
times, Tel, 411 and the third sensor’s 33 effective searching 
time, T63, 431 increase and approach in?nity respectively, 
but that the second sensor’s 32 effective searching time, T62, 
421 approaches its minimum, Which is a consequence of the 
target’s distance from the respective sensor. The second 
sensor’s 32 effective searching time, T62, 421 has its mini 
mum at a distance from the parallel line 422, Which is a 
consequence of the target’s distance from the second sensor 
32. 

[0131] The sensor system’s effective searching time, Tej, 
441 at t=400 differs, hoWever, from the second sensor’s 32 
effective searching time, T62, 421, and is, in addition, loWer. 
As the sensor system’s effective searching time, Tej, 441 at 
t=400 is loWer than the second sensor’s 32 effective search 
ing time, T62, 421, the sensor system’s detection probability, 
p55], is higher than that of the closest sensor, Which is the 
second sensor 32. Thus the sensor system has an equally 
good or better effective searching time than the individual 
sensors in the system, that is equally good or higher detec 
tion probability. 

[0132] The knoWledge that the sensor system has better 
performance than the individual sensors at certain points is 
important information for a user of the system. It can, for 
example, be used When planning Where the sensors are to 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 meeting certain 
requirements, for example by increasing the detection prob 
ability in a particular geographical section by the use of the 
synergy effects that arise When the sensor’s ranges overlap 
each other. 



US 2004/0243344 A1 

[0133] 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 question for individual sensors and for the 
system respectively. 

[0134] 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 
?lter dimensioning. Association slots relate to the volume 
that applies for a target. In addition, the tracking probabili 
ties over the surface can be calculated analytically on the 
basis of the analytical parameters. 

[0135] The invention is not to be regarded as being 
restricted by the embodiments and examples described, but 
can occur in additional embodiments Within the frameWork 
of the patent claims, for example the invention can be used 
for sensors that are not of electromagnetic nature. Examples 
of such sensors are sonars, Which sensors are based on sound 

Waves. 

1. Method for an analysis tool for analysis of sensor 
performance for a system of sensors, Which method com 
prises analytical calculation of a sensor system’s measure 
ment characteristics at each point in a given geographical 
area, Which method comprises: 

obtaining performance parameters from N5 sensors that 
are in the system, characteriZed in that: 

a set of analytical performance parameters for the system 
is calculated by the performance parameters being 
fused irrespective of the different measurement char 
acteristics of the sensors in the system With regard to 
the given performance parameters and in that: 

the analytical performance parameters are used for analy 
sis of the sensor system’s performance. 

2. Method according to claim 1, characteriZed in that 
obtaining performance parameters comprises obtaining per 
formance parameters comprising: 

pssi=detection probability per scan for targets With a 
particular target area for the sensor Ns=i; 

Ri=measurement accuracy expressed as covariance 
matrix for the sensor Ns=i; 

Ti=searching time for the search area for the sensor Ns=i, 
and: 

pfa)i=the probability of false alarms for a sensor. 
3. Method according to claim 2, characteriZed in that the 

calculation of the analytical performance parameters com 
prises calculations on the basis of the performance param 
eters Which calculations comprise the formulae: 

NS *1 (7-2) 

Tj : TF1] 

NS (7-3) 
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-continued 
T - 7-4 

Pm, j = T—j_, ( ) 
E1 

1 _ (7-5) 
TE; _ Ti 

#7‘ = (7-6) 

NS *1 (7-7) 

R7 = ZMIRFI 
[:1 

NS PM; (7'8) 
PM] = T T] 

[:1 ‘ 

Where 

T l 
1, Tel, 

pssj, pi, RJ- and pfad- comprise the analytical performance 
parameters Where NS stands for the number of sensors in the 
system and Where the subscript j stands for “joint”, i.e. 
resulting. 

4. Method according to claim 3, characteriZed in that 
probabilities for different events that concern the tracking 
procedure are calculated by using the calculated measure 
ment rate, 

l 

T], 

the detection probability, ps5]- and the probability of false 
alarms, pm, for the sensor system together With Markov 
analysis. 

5. Method according to claim 3, characteriZed in that a 
?lter for the sensor system is calculated by using the 
calculated effective measurement rate, 

for the system. 
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 ?lter the sensor system’s tracking performance for 
tracking measured objects, and in order that 

the ?lter 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 each point in a given 
area. 

7. Method according to claim 5, characteriZed in that the 
sensor system’s stationary characteristics are calculated by a 
?lter’s stationary state being calculated at each point over a 
given area, Which calculation comprises the said formulae: 
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8. Method according to claim 5, characterized in that the 
sensor system’s dynamic characteristics are calculated by a 
?lter being calculated based on parallel target paths of a 
target With given values of speed and course, Which calcu 
lation also comprises the said formulae: 

9. Method according to claim 1, characteriZed in that an 
adaptive sensor is regarded as a sensor system. 

10. Device for analytical calculation of a sensor system’s 
performance comprising NS sensors, Which device com 
prises means for combining performance parameters in the 
form of measurement characteristics from the respective 
said sensors characteriZed in that the device comprises 
means for fusion of the performance parameters by Weight 
ing of the measurement contributions of the respective said 
sensors, Which device comprises means for calculating ana 
lytical performance parameters for the sensor system, Which 
means for calculating analytical performance parameters for 
the sensor system is independent of the different measure 
ment characteristics of the sensors in the system on account 
of the Weighting of the measurement contribution of the 
respective said sensors. 
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11. Device according to claim 10, characteriZed in that the 
device comprises means for calculating a ?lter’s stationary 
state at each point over a given area. 

12. Device according to claim 10, characteriZed in that the 
device comprises means for calculating a ?lter’s dynamic 
characteristics on the basis of parallel target paths for a target 
With given values for speed and course. 

13. Device according to claim 10, characteriZed in that at 
least one of the sensors in the sensor system is a passive 
sensor. 

14. Device according to claim 10, characteriZed in that at 
least one of the sensors in the sensor system is an active 
sensor. 

15. Device according to claim 10, characteriZed in that at 
least one of the sensors in the sensor system is an adaptive 
sensor. 

16. Device according to claim 10, characteriZed in that at 
least one of the sensors in the sensor system is a radar unit. 

17. Use of a method according to claim 1 and a device for 
a sensor system comprising at least one sensor. 

* * * * * 
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