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Introduction
The underdevelopment of traffic management systems 

applied in regions of the Russian Federation when using 
operating and technical monitoring devices, insufficient 
qualifications of experts ¬trained in this field, and the 
limited number of persons capable of determining the 
ideology of solving tasks for managing the agencies and 
institutions ensuring the operation of automated traffic 
enforcement systems (ATES) in regions of the Russian 
Federation prove the significance of the gap between 
management practice and theory and, thus, reveal the 
need to develop a method for the evaluation of functional 
efficiency of the system managing operating and technical 
means when using ATES.  

The professional literature does not contain any works 
on the theory of traffic management using operating and 
technical monitoring systems, based on the description of 
their functional properties. Developments related to design 
and intended application of organizational structures 
ensuring the operation of automated traffic enforcement 
systems as well as quantitative evaluations of functional 
efficiency of such structures and numerous subsystems 
are poorly represented. However, the following general 
issues were studied in great detail: design of management 

systems and evaluation of their properties (Popov, 1988); 
systems for monitoring of dynamic systems (Evlanov, 
1972); automated system analysis (Stabin et al., 1984); 
systems science and potential efficiency of complex 
systems (Fleishman, 1982), information reliability in such 
systems (Melnikov, 1973); structure evaluation (Tsvirkun, 
1982), and structural analysis (Nechiporenko, 1977). 
The corresponding developments were implemented in 
various fields and can be used as a scientific base for 
studies on the issue discussed in this article.

Main Part
A concept as a system of views, ideas and principles 

constituting a general methodology for control over a 
complex systemic object applied to an ATES system is 
based on the following provisions:

- recognition of traffic safety as a property of a 
purposefully functioning ATES, and recognition of 
managing this property as elimination of the possibility for 
system operation in modes that do not comply with the 
standards and lead to road accidents;

- recognition of the following as the main monitoring tasks 
defining the management structure of the corresponding 
monitoring subsystem: obtaining information on the 
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actual state of all ATES components, calculating the 
subsystem state parameters and corresponding quality 
indicators on the basis of such information; making 
decisions on their compliance or non-compliance 
with the regulatory requirements to system functional 
performance; determining causes for non-compliance 
and corresponding remedial measures;

- recognition of monitoring as a necessary price for 
obtaining information ensuring purposeful functioning 
of the entire ATES and implemented on the basis of the 
corresponding financial, physical and other resources;

- recognition of automating the processes of the system 
managing operating and technical monitoring systems 
by means of improving the quality and efficiency of the 
monitoring subsystem without changing its functions.

Activities of organizations in the field of managing 
operating and technical traffic monitoring systems 
represent a set of interrelated procedures aimed at 
achievement of a specific goal. Ordered actions aimed 
at solving the task of traffic monitoring with the use of 
automated traffic enforcement facilities to a specified 
level represent the procedures. Work as a procedure 
with tangible results is expressed by the following tuple 
(equation 1):

( , , )i i i ix a b T=

where i — work (procedure) index;
 ai= (ai1, ai2,....) — vector of the parameters characterizing 

the work result;
bi= (bi1, bi2,....)  – — vector of the resources allocated 

for work performance and achievement of the result;
Ti — time required for work performance.
Adverse events characterized by ATES failures and 

defects as well as erroneous actions and violations of 
regulatory documents can occur upon performance of 
monitoring functions. Indicators describing those events 
represent the initial information for analysis, evaluation 
and study as well as development of activities and 
decision-making.

The evaluation of the performance efficiency of 
subdivisions, institutions and organizations ensuring the 
implementation of traffic monitoring using ATES is carried 
out according to such generalized criterion as the level 
of traffic safety PTS. A method for the evaluation of the 
performance efficiency of subdivisions, institutions and 
organizations ensuring the implementation of traffic 
monitoring using ATES represents an established 
sequence of activities.

To evaluate the impact of the automated traffic 
enforcement system on traffic safety, it is necessary 
to conduct studies at several levels: at the first level, it 
is necessary to give an absolute estimate to the road 
accident; at the second level, it is necessary to analyze 
the impact of the automated traffic enforcement system 
on the number of road accidents, taking into account the 
accident place and type.

Information about each road accident suitable for the 
evaluation of system performance includes the following:

- the name of the section where the road accident was 
recorded;

- the date and time of the road accident;
- the place of the road accident;
- the lane where the road accident occurred and 

direction of the traffic;
- the road accident cause;
- the state of the road surface at the moment of road 

accident occurrence;
- weather conditions observed at the moment of road 

accident occurrence;
- the description of the road accident.
At the second level, the evaluation shall be based on 

the analysis and comparison of the traffic situation before 
and after the start of traffic enforcement system operation. 
Information about each road accident suitable for the 
evaluation of system performance includes the following:

- the date and time of the road accident;
- the place (kilometer point) of the road accident;
- the road accident direction;
- the description (type) of the road accident;
- the number of people killed and injured as a result of 

the road accident.
The best option of the automated traffic enforcement 

system shall be selected using the methods and software 
implementing the systemic criterion (the level of traffic 
safety). The process of creating anthologies (sets of 
information system objects and their classes which 
determine object behavior and changes together with 
the fundamental properties and interrelations between 
such objects) is greatly simplified in information systems 
designed for application in the organizations, activities of 
which are governed by laws and regulatory documents. 
Upon system formation, it is reasonable to use the 
following:

- a single hardware and software technological 
complex ensuring the unification of all procedures 
for information exchange between organizations and 
interacting subdivisions;

- a single system of regulatory documents ensuring the 
unification of the accounting items of public importance by 
the main attributes.

The level of traffic safety (TS) is determined by the 
optimum combination of the estimates for the efficiency 
of the functions implemented and their actual values for a 
specific period. To assess this level, the following model 
for evaluating the functional efficiency of organizations 
was developed:

( , , , , , , , )TS f s f s k f fP P Q Q H H F Z Dυ=

The following designations are accepted: 
U — management function (activities);
Hf — a criterion for evaluating the implementation of 

the organization management function related to data 
processing in a region for a specific period of time;

Hs — a criterion for evaluating the implementation 
of the organization management function related to the 
implementation of administrative punishments;

(1)

(2)
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Qs — an optimization criterion related to the 
implementation of administrative punishments; 

Qf — an optimization criterion related to the functional 
efficiency of data processing.

The accepted factors are basic, but their list is not 
exhaustive. Their qualitative and quantitative composition 
depends, first of all, on the problem statement. Dependence 
of the level of traffic safety on various indicators can be 
represented as follows:

( , , , , )TS f s f sP P Q Q H H U=

The stated optimization task is considered multi-
criterion. To solve it, we should choose restriction criteria.

The method developed allows determining the 
implementation degree of functions assigned to the traffic 
safety management system in a particular region.

The criteria developed make it possible to determine 
the generalized criterion (the level of traffic safety).

[ ]
1

1
( )TS i ki ki

i
P M P P H

=

= = ×∑
Based on the maximum value of the traffic safety level 

when using ATES, the optimum structure of the system 
managing operating and technical traffic monitoring 
means is established.

The evaluation of management system performance 
when using ATES facilities is carried out according to the 
level of traffic safety. The studies conducted revealed the 
following systemic factors:

- the efficiency of the management function at each 
level of system activity;

- the implementation degree of the management 
function in a particular region for a specific period of time.

The number of the criteria taken into account and their 
weightage for a particular region shall be determined by 
experts. 

The efficiency of the management function is evaluated 
according to the following dependence:

( ; ; )ki f sP P U Q Q=
The actual evaluation of function implementation is 

carried out in accordance with the following equations:

( , )f cH H n C=

( , , , )s n fH H S S W W=

where n is the number of ATES, pcs.;
С is the number of issued orders, [orders/year];
S is the amount of penalties paid within a year, [RUB/

year];
Sb is the amount of penalties, [RUB/year];
W – the number of cases filed, [cases/year];
Wf is the number of actually paid proceedings, [cases/

year].
Taking into account equations 6 and 7, equation 3 can 

be rewritten as follows:
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In case of stochastic nature of the criteria for evaluating 
the level of traffic safety, it is necessary to consider a 
stochastic single-objective problem (Table 1). Let us 
assume that the number of possible activities and the 
number of traffic safety estimates for each activity are 
finite. 

This condition corresponds to reality as the evaluation 
process requires the use of random events characterizing 
traffic safety. It is convenient to perform the analysis in 
accordance with the recommendations given in work 
(Safiullin, Kerimov, 2016).

The left column of the table represents activities in 
the form of a function, U1, U2,....Uk,....Ut and the top line 
represents types of events (causes — factors). The useful 
effect of ATES operation mainly resides in the social 

Table 1. A stochastic model for evaluating the performance efficiency of subdivisions, institutions and organizations 
ensuring the implementation of traffic monitoring using ATES

Activities, man-
agement functions 

Evaluation of the function efficiency (P) 
and function implementation (H) for various 

structures

Traffic safety indicator

1 i R
Functions of the 
first level  U1

             Pi  

    Hi
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   H1i
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1
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Efficiency evalu-
ation
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Beginning 

Data input: n — the number of ATES, pcs.; C — the number of 
orders issued, orders/year; S — the amount of penalties paid within a 

year, RUB; Si — the amount of penalties, RUB; 
W — the number of cases filed, cases/year; 

Wf — the number of actually paid proceedings, cases/year. 
 

Selection of the accounting period 

Selection of the activity level for systems managing operating and technical monitoring systems 

Calculation of Hf for each target level at Hf = H (n, C) 

Calculation of Hs for each target level at Hs = H (S, Sn, W, Wf) 

Conclusion: the functional 
efficiency of organizations 
corresponds to the level of 

traffic safety 

the functional efficiency 
of organizations does not 
correspond to the level of 

traffic safety 

Calculation of the number of 
ATES in a region 

(stationary, temporary) 

Conclusion on the need 
for changes in the 

management structure 

End 

PTS F (Vk) = max 
[F(Vk) 

Figure 1. An algorithm for optimizing the system managing operating and technical traffic monitoring means
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significance of the complexes' functioning results, which 
can be evaluated by the indicator of a decrease in the 
accident rate on the monitored section of the street and 
road network ("accident cluster"). 

Another component of the useful effect is the number 
of administrative offences detected by the ATES facility. 
To evaluate the efficiency of system functioning, it is 
proposed to use an algorithm for optimization of the 
structure for managing operating and technical traffic 
monitoring means, which is shown in Figure 1. 

Conclusions 
The concept of the "optimum structure" for managing 

operating and technical traffic monitoring means should 
be considered as the best concept in the narrow sense, 
defined by the accepted optimization criterion. In this 
case, the level of traffic safety serves as such criterion. 

Based on the studies conducted, it is possible to 
distinguish the following basic directions for improving the 
structure of the system managing operating and technical 
traffic monitoring means. Improvement of procedures 
related to management and technologies of processing 
data on recording of administrative offenses, modernization 
of the regulatory framework regarding recording of traffic 
violations when using technical monitoring system.

Typization of displaying information on objects of 
traffic violations, development of a hardware and software 
complex and equipment of the street and road network 
with the required amount of traffic enforcement facilities. 

The efficiency of the management system operation is 
determined by the level of its interaction with concerned 
organizations and institutions, and, to a large extent, 
depends on the availability of the corresponding 
infrastructure and regional investment policy.
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