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ABSTRACT 

The general classification of information systems of remote action, including such system as positioning systems, loca-
tion systems and remote sensing systems is suggested. In view of formulated limitation conditions the common mathe-
matical information model of data transfer subsystems of considered systems is suggested. The optimization of devel-
oped information model is carried out and the optimal operation regimes of these data transfer subsystems are synthe-
sized. 
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1. Introduction 

There are different types of information measuring sys-
tems, the operations of which are carried out using non- 
contact methods, from remote or stand-off positions. In 
these systems transfer of initial measuring information is 
carried out using different physical waves, such as elec-
tromagnetic, acoustic, gravitation ones. In this article we 
shall consider from common positions the data transfer 
subsystems designated for systems of remote action 
(RAS), i.e. such type of systems, which carry out one of 
following types of remote operations: 

1) Remote sensing; 
2) Location; 
3) Positioning. 
The above said remote operations are determined as 

follows: 
1) Remote sensing systems carry out remote (stand- 

off) measurements using physical waves to produce 
and transfer measuring data; 

2) Location systems carry out localization of the ob-
ject, which emits any type of physical waves, car-
rying information about geometric or geographic 
positions of the object; 

3) Positioning systems carry out determination of its 
geometric or geographic position on the basis of 
measuring information on coordinates sent by sev-
eral remote objects using physical waves. 

In present article we shall describe the proposed table 
classification of data transfer subsystems, develop the 
universal information model of these subsystems, and 
carrying out optimization of the model we shall perform 
the synthesis of optimal operation regimes of them. 

In previous our published papers [1-6] the similar ap-
proach was suggested, but generalization of this method 
for all data transfer subsystems designated for Remote 
action systems was not done. 

2. Information Models of Data Transfer 
Subsystems 

First of all we should develop the information models of 
above said types of subsystems. We shall use the com-
mon limitation condition for these subsystems, develop 
the generalized model of all three types of them and then 
carrying out optimization of this model we shall succeed 
synthesis of optimal operation regimes of data transfer. 

The model of data transfer subsystems of positioning 
system is shown in Figure 1. 

In this model (Figure 1) the receiver, located on the 
object О receives information about geometric or geo-
graphic coordinates of points “Transmitter 1”, “Trans-
mitter 2”, “Transmitter 3” and analyzing that transfers it 
for further processing to determine its own geometric or 
geographic coordinates. 

The model of the location system is shown in Figure 2. 
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In this model the receivers, located on the objects О1, О2 
and О3 receive the potential information on geographic 
coordinates of point P and transfer it for further process-
ing to determine its location coordinates. 

Models of data transfer subsystem designated for re-
mote sensing systems are shown in Figures 3(а), 3(b). 

In the first model (Figure 3(а)) the information com-
ing from objects О1, О2 and О3 is received by single Re-
ceiver (sensor). In the second model (Figure 3(b)) the 
information coming from the object О is received by all 
Receivers, i.e. the group sensing is carried out. 

The aim of remote sensing systems is to receive the 
maximum amount of information coming from studied 
objects. 

The suggested general classification scheme of above- 
mentioned types of remote action systems is given in the 
Table 1. 
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Figure 1. Model of data transfer subsystems of positioning 
system. 
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Figure 2. Model of data transfer subsystem designated for 
location system. 
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Figure 3. Models of data transfer subsystem designated for 
remote sensing systems. 

 
Table 1. Classification scheme of remote action systems. 
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3. Optimization of Operation of Data 
Transfer Subsystems 

On the basis of suggested classification scheme we shall 
develop the general mathematical model of data transfer 
subsystems for considered types of remote action sys-
tems. Then we shall optimize the optimal operation re-
gime of said types of subsystems. 

In order to develop the general information-math- 
ematic model we accept following major limitation con-
ditions: 

1). General limitation condition concerning sum of 
distances xi, which should be constant, i.e. 

1

n

i
i

x c


                   (1) 

Obviously, that if the speed of propagation of waves in 
the channels is constant, the condition (1) may be rewrit-
ten as 

.
1

n

dur tri
i

T


c ,               (2) 

where . idur tr  – duration of transmission of the signal via 
i-th channel. 

T

2). Presence of effect of signal’s energy attenuation in 
channels. Concerning this effect we assume, that the total 
attenuation of the signal is proportional to the length of 
used channel. 

In view of above said basic conditions, the common 
information target functional may be written as 

     . .1
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(3) 

where λ – multiplier of L’Agrange; ΔU – total noises in 
the system; – duration of the signal transferred via 
i-th channel. 

. idur sT

Optimization of the common model (3) will be carried 
out using variation computation method. We should find 
out such a function. 

. idur tr dur sT T ,              (4) 

upon which the functional (3) will reach it own maximal 
value. 

In view of (4), the functional (3) may be rewritten as 
follows 
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Taking into account that ΔU denotes the noises of 

measurements the ratio   . ii dur sU T U   will indi-

cate the signal/noise ratio. Let us consider the function 

  .dur si
T                (6) 

Taking into consideration the function (6), the Equa-
tion (5) may be written in the following analogue form 
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The condition (4) may be written in the following ana-
logue form 

 
. .max

. . . ..
0

dur sT

dur s dur sT dT = с1 = const.       (8) 

The function   .. .dur sT  may be submitted as  
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Taking into account the Formula (9) the functional (7) 
may be written as 
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(10) 

In this case the analogue of the function (4) may be 
written as 

. . . .dur tr dur sT T             (11) 

Let us to find the function (11), upon which the func-
tional (10) could reach its maximal value. 

In order to solve this task we use Euler’s method. Ap-
plication of this method to Equation (10) gives us fol-
lowing formula 

 
.

..

. .

.0

0
ln 2 1

dur s

dur s

T

T




  
 

 
    

.    (12) 

From (12) we can find following function 

 . ..
. . 0

. . .

1

ln 2
dur s

dur tr dur s

T
T T




  
 

       
    (13) 

n

.

(5) 

Taking into consideration (13) in Formula (8) we get 
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From Formula (14) we find 
2
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3) The maximal value of information, which could be 
obtained as a preliminary result of remote sensing, 
should be calculated using Formulas (10) and (17). 

5. Conclusions 

In conclusion following major results of held research 
may be formulated. We suggest the universal classifica-
tion of information systems of remote action, which in-
cludes the positioning, location and remote sensing sys-
tems. 

Taking into consideration Formulas (15) and (12) we 
can obtain following result 
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The common mathematical-information model of the 
data transfer subsystems of abovementioned systems is 
suggested. The variation optimization of the developed 
model is carried out taking into account the formulated 
limitation condition. 

where   . .0 1dur sT        
In view of negative value of  in formula (16) we ob-

tain following final result 
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.       (17) Optimization of data transfer subsystems information 

model makes it possible to synthesize the optimal opera-
tion regimes of mentioned subsystems designated for 
positioning, location and remote sensing systems. 

As it is clear from formula (17) if the parameter  has a 
negative value, the parameter . .dir tr  will be in inverse 
dependence from Тdur.s. and vice versa. 

T
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4. Formulation of Suggested Method for 
Synthesis of Optimal Data Transfer 
Subsystems 
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