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ABSTRACT 
 
The article proposes the efficiency estimation method of joint 
search and detection of objects for surveillance technical 
systems. The differential characteristics of the Bayes criterion 
of minimum average risk, a priori probabilities of hypotheses 
about the absence of an object  and its presence are taken into 
account in the calculations. An algorithm has been developed 
for calculating the unconditional probability of detecting an 
object of observation during a joint search and detection of 
objects in technical surveillance systems. Shown, that a joint 
search and detection of the objects of surveillance using a 
uniformly optimal search strategy provides a higher 
unconditional probability of the correct detection of the object 
of surveillance. 
 
Key words : surveillance technical system, the object of 
surveillance, area of view, joint search and detection of 
objects, the unconditional probability of correct detection, the 
search potential. 
 
1. INTRODUCTION 
 
Issues of search and detection of objects of surveillance in 
conditions of rapid development information technologies are 
of significant interest [1-5]. 
 
Today, technical surveillance systems solve the problem of 
searching and detecting objects of surveillance in conditions 
 

 

of limited search potential [1-3, 6-9]. This is relevant for both 
radar [6-8, 10-13] and optical [14-20] surveillance systems. 
 
Previously, a method  for joint optimization of continuous and 
discrete search and detection of objects in information 
systems was developed [1, 3].  The Bayes optimal rules for 
decision making for joint optimizing of continuous and 
discrete search and detection of objects are formulated [2, 
21-22]. But evaluating the effectiveness of collaborative 
search and object discovery was not considered. 
 
1.1 Problem analysis 
 
In the classic theory of detection the main indexes of the 
effectiveness of detection are [5, 21-22]: 
 

1 0( / , )XP H   the conditional probability of false alarm; 
 

1 1( / , )XP H   the conditional probability of correct 
detection; 
 
where 0H   hypothesis about the absence of an object in the 
viewing area; 
 

1H   hypothesis about the presence of an object in the 
viewing area; 
 

1 2( , x )X x   object’s coordinate. 
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The conditional probability of false alarm and correct 
detection is calculated taking into account the statistical 
characteristics of the signals that are received from objects of 
surveillance. 
 
These indicators ( 1 0( / , )XP H , 1 1( / , )XP H ) take into 
account only the detection characteristics of objects and do 
not take into account the effectiveness of the search for 
objects. 
 
In [1] for joint search and detection of objects the differential 
characteristics of the Bayes criterion of minimum average 
risk are used. These characteristics allow us to move on to 
assessing the effectiveness of joint search and detection of 
objects. 
 
In [1-3], the effectiveness of the joint search and detection of 
objects of surveillance is estimated by the value of the 
following performance indexes, namely: 
 

0 1( , )P t   the unconditional probability of false alarm; 
 

1 1( , )P t   the unconditional probability of correct detection; 
 
average time to detect the object of surveillance, where 1  is 
the decision made that the object of surveillance was detected; 
 
t   the time. 
 
These indicators ( 0 1( , )P t , 1 1( , )P t ) take into the 
differential characteristics of the Bayes criterion of minimum 
average risk.  
 
As additional indexes of the effectiveness of joint search and 
detection, it is advisable to save indexes that are developed in 
the classic theory of detection ( 1 0( / , )XP H , 

1 1( / , )XP H ). 
 
Let us consider an algorithm for calculating the unconditional 
probability of the correct detection of an object of surveillance 
and the average time for detection of this object. 
 
2. MAIN MATERIAL 
 
We will calculate the unconditional probability of the correct 
identification of the object and the average time to detect the 
object in a joint search and detection in two coordinates for a 
particular case. Namely, when the a priori probability density 
of the location of the object is set in the form of a truncated 
normal law, and the viewing area is a circle with a radius of 
S .  
 
We assume that the amplitude of the signal that is received is 
distributed according to the Nakagami distribution. 
 

Define function ( , )x t  of search strategy 
 

2 2 2
0 1 2

1 1 2 2 2 2
1 2

/ ( ); ( );
( , ; )

0; ( ),

   
 

L z t for x x r t
x x t

for x x r t
 (1) 

 
where ( )z t   a measure of the current search area; 
 

0L   the search potential of a surveillance technical system. 
 
This search strategy function will be distributed in a circle 
centered in the center of the viewing area and the current 
radius ( )r t . 
 
This will happen until the scope of the search strategy 
becomes equal to the size of the viewing area. 
 
We define this moment of time 1t  on condition that the 
dimensions of the current viewing area are equal to the 
dimensions of the entire area of view. We get the expression 
(2): 
 
 2

02 ,L t S    (2) 

 
where    standard deviation in the a priori law of the 
location of the object. from expression (2) we obtain: 

 
4

1 2
0

.
4


St

L



 (3) 

 
In the points of the viewing area where the search strategy is 
distributed, the search potential will be accumulated over time 

1[0, ]t . This search potential is proportional to the detection 
parameter, which can be calculated according to expression 
(4): 

 
1

1 2

1 1 2
( , )

( , ) ,
t

t x x
x x dx    (4) 

 
where 1 2( , )t x x   function that matters the start time of 
viewing the points of the viewing area. 
 
We find this function 1 2( , )t x x  under condition (5): 
 

 2 2 0 1 2
1 2

( , )2 ,L t x xx x 


   (5) 

 
From (5) we obtain the expression (6): 
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1 2
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We substitute (1), (3) and (6) into (4). Take the integral (4) 
and get the expression (7): 
 

2 2 2
2 2 21 2
1 22

1 1 2
2 2 2
1 2

; ;
( , ) 2

0; .

S x x for x x S
x x

for x x S
 

  
  

  

(7) 

To find function 1 1 2( , )x x  at any moment of time, we 
replace in (4) the upper integration boundary for the current 
time t .  
 
As a result we get the expression (8): 
 

 

1 2

1 1 2 1 1 2
( , )

( , ) ( , ; ) .
t

t x x
x x x x t dt    (8) 

 
After time moment 1t  at the accepted density of a priori 
probability, the search strategy will be distributed under 
conditions of uniform distribution density (base). 
 
While the current viewing area ( ) t  will completely 
coincide with the entire viewing area, and 
 2( ) .t S   (9) 
 
In this case, taking into account expression (9), the search 
strategy has the following form: 
 

 
2 2 20
1 22

2 1 2
2 2 2
1 2

; ;
( , ; )

0; .

L for x x S
Sx x t

for x x S


   
  

 (7) 

 
In time interval 1[ , ]t T , the search potential, taking into 
account expression (10), can be determined according to 
expression (11): 
 

 

1

2 1 2 2 1 2( , ) ( , ; ) .
T

t
x x x x t dt    (11) 

 
We substitute (10), (3) into (11). As a result we get the 
expression (12): 
 

 0 1
2 1 2 2

( )( , ) ,L T tx x
S





  (12) 

 
where T   time to view the entire viewing area. 
 
We calculate the unconditional probability of the correct 
detection of the object during the search T  when 
continuously searching for objects in two coordinates in a 
circular viewing area.  
 

In this case, we will take into account the proportional 
dependence of the detection parameter and the calculated 
value of the search potential. We restrict ourselves to the case 
of detecting a signal with an amplitude that is distributed 
according to the Nakagami distribution with coefficient m . 
 
If 1m  , the Nakagami distribution is converted into a 
Rayleigh distribution. 
 
If 2m  , the Nakagami distribution is converted into a 
Swerling distribution. 
 
For the convenience of subsequent calculations, we introduce 
a polar coordinate system. Then, taking into account the 
transition to the polar coordinate system and the transition in 
both parts of the expression to dimensionless quantities by 
multiplying by the search time, expressions (1) and (10) will 
have the form (13): 

 

1
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1 0
2 1

1
1
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1
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;
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(13) 

 
where k   value that determines the total search potential of 
the surveillance technical system; 
 
h   value that determines the size of the entire viewing area. 
 
And for the search potential when changing the value of s  in 
the interval of expression (7), expression (8) is converted to 
the next expression (14): 

 
2 2 2

1
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Thus, the expressions for the unconditional probability of the 
correct detection of the object of surveillance: 
 
for 1m   
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for 2m   
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We calculate the unconditional probability of correct 
detection according to expressions (15) and (16). Figures 1 
and 2 show the dependences of the calculated values on a 
value that characterizes the speed and time of viewing the 
entire viewing area. 
 

 
Figure 1: The dependence of the unconditional probability of 

correct detection on the value of k  at 210F   (upper curve), 
410F   (lower curve) ( 1, 1m h  ) 

 

 

Figure 2: The dependence of the unconditional probability of 
correct detection on the value of k  at 210F   (upper curve), 

410F   (lower curve) ( 2, 1m h  ) 
 
Figures 1 and 2 show the dependence of the unconditional 
probability of correct detection on a value of k  for the values 
of the conditional probability of false alarm 210F   (upper 

curve) and 410F   (lower curve). 
 
The graphs shown in Figures 1 and 2 were calculated under 
the following conditions: 
 
Fig. 1: 1m  , 1h  ; 
 
Fig. 2: 2m  , 1h  . 
 
The minimum value of the value, which is proportional to the 
value of the total search potential of the surveillance system, 
is selected subject to mandatory viewing of the entire viewing 
area. 
 
So from this statement we get condition (17): 
 

 
4

.
4
hk 

  (17) 

 
To assess the effectiveness of the search algorithm and object 
detection using a uniformly optimal search strategy, we will 
compare this algorithm with the known algorithms of the 
space-temporal distribution of search efforts in surveillance 
systems. 
 
Provided that the known algorithms assume a uniform 
distribution of the search potential across the viewing area. 
With a uniform distribution, the expression for the detection 
parameter, and, consequently, for the search potential, has the 
following form: 
 

 0
1 2 2( , ) ,

L Tx x
S




 (18) 

 
which, taking into account the introduced notation, has the 
form: 
 

 
1 2 2( , ) .

kx x
h




 (19) 

 
The expressions for the conditional probability of the correct 
surveillance of the object under surveillance with a uniform 
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distribution of the search potential over the search area, 
taking into account expression (19), have the following form: 
 
for 1m   
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for 2m   
 

 

2

1 1 1 1 2
2 2

2

1

1

( / , , ) (1
2 (1 )

1ln( )) .


  



k
h

kP H x x kh
h

F
F






  (21) 

 
Using expressions (20) and (21) we get the unconditional 
probability of the correct detection of the object with a 
uniform distribution of the search potential across the viewing 
area. We will use the notation introduced earlier: 
 
for 1m   
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for 2m   
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Figures 3 and 4 show graphs of the dependence of the 
unconditional probability of detecting an object: 
 
the lower curve – when a uniform distribution of the search 
potential across the viewing area, which are calculated by the 
expressions (22) and (23) versus the value of k ; 
 
the upper curve – when searching and discovering objects 
together, which are calculated by the expressions (15) and 
(16) versus value of k . 

 
While the graphs that are shown in Fig. 3 and 4 are calculated 
under the following conditions: 
 
Fig. 3: 1m  , 1h  ; 
 
Fig. 4: 2m  , 1h  . 
 
The value of the conditional probability of false alarm was 
taken equal to 310F  . 

 

 
Figure 3: The dependence of the unconditional probability of 

correct detection on the value of k  for a uniform distribution of the 
search potential (lower curve) and in the joint search and detection of 

the object (upper curve) ( 1, 1m h  ) 
 

 
Figure 4: The dependence of the unconditional probability of 

correct detection on the value of k  for a uniform distribution of the 
search potential (lower curve) and in the joint search and detection of 

the object (upper curve) ( 2, 1 m h ) 
 
From these graphs it can be concluded that a joint search and 
detection of the object of surveillance using a uniformly 
optimal search strategy provides a higher unconditional 
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probability of the correct detection of the object of 
surveillance. This is especially noticeable provided that there 
is a strict restriction on the value of k . 
 
5. CONCLUSION 
 
Thus, the article proposes the efficiency estimation method of 
joint search and detection of objects for surveillance technical 
systems. The differential characteristics of the Bayes criterion 
of minimum average risk, a priori probabilities of hypotheses 
about the absence of an object  and its presence  are taken into 
account in the calculations. 
An algorithm has been developed for calculating the 
unconditional probability of detecting an object of observation 
during a joint search and detection of objects in technical 
surveillance systems. 
 
Shown, that a joint search and detection of the objects of 
surveillance using a uniformly optimal search strategy 
provides a higher unconditional probability of the correct 
detection of the object of surveillance. 
 
In future research, it is necessary to assess the average time 
that is needed to detect the object of surveillance during the 
joint search and detection of objects and uniform distribution 
of the search potential of technical surveillance systems. 
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