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ABSTRACT

The increase in railway speeds and the transition to
unmanned transport control result in the growth of the
role of operational management technologies exempt
from excessive control of corporate headquarters.

The objective of the work is to study the subsidiarity-
based control as a new technology of controlling moving
objects, and to identify borders of its efficiency.

A subsidiarity-based control’s feature is that its
efficiency may be revealed under certain conditions only
andnotalways. Therefore, the application of subsidiarity-
based control requires an analysis of operating
conditions of vehicles. Subsidiarity-based control is an

alternative to hierarchical control which is more efficient
under simpler conditions.

The paper reveals the essence of subsidiarity in the
social and engineering field, and results of the study on
application and applicability of subsidiarity-based
control for the railways, its core factors are analyzed.
Comparison of signal block and subsidiarity-based
control systems is made, followed by description of
particularities of identification of the size of blocks within
subsidiarity-based control system. Additional factors of
subsidiarity-based control, comprising complementarity
and astatism, are described. The relationship between
subsidiarity-based management and control and
implementation of digital railway concept is shown.
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Introduction. The concept of subsidiarity

The ideas of subsidiarity were originally
born in the social sphere, but now there is an
opportunity for their implementation in the
engineering sphere as well. The essence of
the idea of subsidiarity in the management
and engineering focuses on the transfer of
decision making from the upper level to the
operational level [1], particularly regarding
subsidiary management [2; 3]. In the
transportation field the increase in speed of
railway rolling stock and the need to control
the unmanned vehicles [4; 5] requires
methods of operational control of moving
objects, comprising subsidiarity-based
control.

The efficiency of subsidiarity-based
management is evident at the example of
transport management in a megalopolis [6;
7]. It is practically impossible to draw up a
detailed transportation timetable under the
conditions of heavy traffic and numerous
traffic jams. Therefore, the management of
mass transit in a megalopolis is de facto a
multi-purpose one [7; 8] and is carried out
using the principle of subsidiarity.

Objective. The objective of the work is to
study the technology of subsidiarity and to
find the borders of the efficiency of its
application in the transportation field.

Methods. The research methods comprise
system, comparative and management
analysis.

The initial purpose of the idea of
subsidiarity was to resolve the contradictions
between an authoritarian personality and the
society. The principle of subsidiarity in the
social sphere dates back to the time of the
Greek philosophers Plato and Aristotle. In
the Catholic doctrine, the principle of
subsidiarity was established by Pope Leo XIII
(1891) [9] and became part of the official
doctrine of the Catholic Church. From a
political and civil points of view, the principle
of subsidiarity is aimed at excluding
authoritarian power and implies personal
autonomy and self-esteem. All institutions
of society, from the family to international
bodies, should serve the person. Subsidiarity
implies that the source of political power is
the people, and so obliges the state and
society to create conditions for the full
development of the personality, including the
provision of socio-economic human rights.
So the subsidiarity can be considered a
principle, as an attribute, and as a condition.

Application of the principle of subsidiarity
in the engineering and information fields
allows to distinguish a special type of
management and control, i.e. subsidiarity-
based management and control. In modern
society, twofold increase of the volume of
data used in management occurring every 2
or 3 years [10], aggravates the weaknesses
inherent in hierarchical systems, and requires
the search for new approaches to
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Pic. 1. Signal-block traffic.
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Pic. 2. Subsidiarity-based railway control system.

the organization of management. The
subsidiarity-based management is one of the
required solutions, implementing the
redistribution of powers and management
functions between central and peripheral
control bodies.

With the development of the information
society, subsidiarity-based control systems
began to be used in transportation («no traffic
lights» traffic), in cybernetics (robotics), in
the Internet of Things technology and in
cyber-physical systems. At the same time, the
application of subsidiary management is not
always efficient, but only under certain
conditions.

Results.

Core factors of subsidiarity-based control

Conventional traffic control is called
signal-block control. It is implemented
through signals that allow or prohibit
movement (Pic. 1) [11].

Traffic control is carried out by the
control center (CC) by organization of
signals by means of communication
environment. Communication environment
(communications) performs the most
important functions of supporting such
control. Since there was no other control
environment, the signal-block control was
the main railway traffic control system.

The emergence of subsidiarity-based
management was made possible by the advent
of satellite and ground-based navigation
systems. The emergence and use of on-board
information and analytical devices built the
second factor.

Subsidiarity-based management has its
own specifics. This is defined by a set of
principles [12] and factors of of subsidiarity-
based management, the most important of
which comprise «control environment»,
«control field», «situation to be managed»,
«management problem solution environment
(MPSE)» (Pic. 2).

Under subsidiarity-based management,
the control center remains, but it mainly
performs monitoring functions and intervenes
in emergency situations. The fundamental
importance belongs to the emergence of a
new means of communication between
vehicles. This is either Global Navigation
Satellite System (GNSS) or positional
ground-based mobile communication
systems. In both cases, in subsidiarity-based
management, it becomes possible to
independently position (coordinate) a vehicle
with on-board devices (Pic. 2 can be
compared to the Pic. 1).

Control environment is a physical and
parametric spaces, which serve as a source of
information about the situation, position and
condition of the controlled object. The
organization of the control environment is
based on satellite and mobile positioning
technologies.

Control field is a portion of a real
information environment in which physical
control of the object is possible.

Situation to be managed is a part of the
control field and a parametric model of the
information situation in which the controlled
object is located.
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The information situation characterizes
the controlled object and all the important
factors that affect its condition. Basically,
subsidiarity-based management is situational
(guided by situation) and refers to the school
of «management under unforeseen
circumstances» [13].

Management problem solution
environment (MPSE) is a parametric
information environment that contains
expertise of previously made management
decisions and serves as a resource for making
decisions in various new situations. Its
feature is that it is located within on-board
devices of moving vehicles (Pic. 2). It is easy
to see that Pic. 2 is a generalization of the
digital railway scheme [14]. The objective of
the MPSE of each on-board device is to
quickly find a ready-made solution stereotype
for the current situation, or to develop a new
algorithm that can then be used as a cumulated
expertise.

Other important factors of subsidiarity-
based management, besides situational
factor, are informativeness, complementarity,
consistency, adaptivity, sustainability
(stability).

Situational factor

Situational factor means controlling with
due regard to the current traffic situation.
Subsidiarity-based control admits a possibility
of appearance of unforeseen obstacles.
Therefore, once there is a general action plan
and a main objective, the current goal is
determined by the situation, involving, e.g.,
obstacles on the track, braking of a train in
front, etc.

Situational factor leads to the need to
solve auxiliary problems in order to achieve
the main goal. Each auxiliary problem has
its own purpose, so subsidiarity-based
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Pic. 3. Moving block signaling technology.

management is situation-oriented and multi-
purpose.

At present, subsidiarity-based manage-
ment is implemented in «no traffic lights»
traffic and is being developed for the digital
railway. In practices, the technology of
Moving block signaling is used [11]. As a
matter of fact, these blocks determine the
situational factor, as it is explained in Pic. 3.
The situational factor is that the distance
between trains is calculated based on
situational traffic factors and affects the
movement features of the next train.

Pic. 3 shows three sequentially running
trains A, B, Cand the intervals L , L, between
them, which define the moving blocks. In the
Moving block signaling technology (Pic. 3)
each mobile object (e.g., B) has an on-board
information computation system [8] and
performs information interaction with other
objects (for instance, with the object A in
front and the next object C).

Depending on the speed and mass of the
train, the distances between trains are
calculated, which are called «block length»
(L, L,). Block dimension L is not fixed but
is calculated using components /,, /,, [, [ :

L=1+1+1 +L,.

Parameter /, (inertial or physical) is the
primary parameter. It is calculated on the basis
of safe stopping distance and adjusted according
to speed, load, traffic and other conditions.
Parameter /,, (time parameter) is determined
by the total time of delay of decision making.
The higher the system performance and the
faster the calculation algorithm are, the less is
the impact of this parameter. Parameter /,
(navigation) is determined by the actual
location error based on the Global navigation
satellite system (GNSS) technology used and

Lyovin, B. A., Tsvetkov, V. Ya., Dzyuba, Yu. V. Subsidiarity-Based Management and Control Systems

for Railway



A

B

&1
'\_

-

-

-

-
= -

L=max(L1, L2)

Pic. 4. Calculation of safety block for subsidiary-based organization of railway traffic.

the mode used. Besides, when using a mobile
location, it is determined by the accuracy of
this technology. Parameter /, (a control
parameter) is determined by delay of control
signal from the moment of receiving information
on object status [1].

The linear size of the block varies in real
time depending on the situation. Obviously, the
length of the block varies considerably from
vehicle to vehicle. The higher the speed and the
larger the mass of the train are, the larger should
be the block. Pic. 3 conditionally shows that a
block is less than the other: L, < L,

The utmost limit of the moving block
(Pic. 3) for object (B) is determined either by
the rear end of the preceding train (A) or by
other obstacles which are independent of
communication with the onboard sensors.
There can be objects on the track, captured
using video, infrared images, acoustic signals,
data from radio relay stations.

In general, it is said to be a long-range view
or a «blind» view. «Blind» view means viewing
of tracks not visible from the driver’s cabin in
the absence of optical visibility but recorded
using technical means. Long-range digital
monitoring warns of unforeseen obstacles on
the track and is all-weather.

The subsidiarity-based organization of
railway traffic with no traffic lights has a
feature non-existing within regular signal-
based traffic (Pic. 1). A driver must monitor
not only the position of vehicles in front, but
also a vehicle behind to avoid rear-end
collision. It is expressed through the fact that
the length of the safety block calculated by the
onboard computer must take into account the
trains going both in front and behind. This is
shown in Pic. 4.

Pic. 4 shows that the length of the block
between trains is selected as the largest of the
two blocks: L, L, (Pic. 3).

Use of subsidiarity-based control increases
efficiency and traffic capacity excluding
additional work on installation of tags and
signaling devices. Such traffic model is
implemented at Moscow Central Circle Line.
Using of moving blocks increases the traffic
efficiency and provides opportunity to use
integral traffic control [15]. Integral control
is carried out with account of the time interval
between the trains running in the same
direction and not of a fixed distance between
them. Thus, in case of a higher speed, a larger
distance between trains is maintained and it
can be decreased in the case of lower speed.

Other factors of subsidiarity-based control

Adaptivity. Adaptivity of subsidiarity-based
management and control responses to the
need to change traffic conditionsin accordance
with the current situation and a flexible traffic
schedule. It is determined by the need for
structural adjustment of the traffic chart and
the local control goal. Structural adjustment
of the management information model is
facilitated by the presence of elementary
components from which the control model
can be formed or rebuilt. In information
management, such components are
information units [16], which are also
analogous to elements of a complex system.
Information units are the basis of any
information structure including a transport
management model. The adaptive model
includes virtual block management and allows
the use of systems with a variable structure.
The variable structure requires an elementary
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basis from which the structure is created,
which comprises the mentioned information
units. Adaptivity demands inclusion of a
certain mechanism into the subsidiary
management which ensures adaptation to
changing conditions and situations.

Informativeness. Informativeness is
associated with the digital economy and as a
matter of fact, is a form of its implementation.
Searching for «problem environment» and
«solution environment» involves acquisition
and processing of information. The informa-
tion subsidiarity-based management uses
information models and information
technologies to analyze and manage traffic. It
is necessary to differentiate information
management and information control [17].
Information control finds its roots in
technical control. Management is more
related to organization management.
Subsidiarity-based control is a technical
(engineering) one and is linked to information
control. Informativeness is related to the use
of on-board computing devices and certain
resources for storing information data on
different situations.

Complementarity. In the presence of
complex traffic control models or a considerable
amount of controlled objects, contradictions
and so called parasitic cycles may occur during
the implementation of management decisions.
Management is effective only when contradic-
tions in the management model are minimized.
This is possible if management technologies are
complementary [18]. Hence, an important
factor in subsidiary management is ensuring
complementarity for technological and
information management tools. Complemen-
tarity is a new factor that appears with
subsidiarity-based traffic control, and hence
requires additional (complementary) analysis
to ensure coherence.

Consistency. Subsidiarity-based manage-
ment uses expertise-based methods in
combination with situational methods.
Management is easier to implement and
analyze when it is an integrated system. This
leads to the need to apply a system approach
[19, 20] for the organization of subsidiarity-
based management. A system approach
involves the use of elements as components of
a system, which are information units.

Stability (sustainability). Subsidiarity-
based management must be sustainable in the
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presence of traffic interference. This involves
the concept of astatic control, which is based
on maintaining traffic parameters face to
interference caused by external environment.
It is vividly demonstrated regarding maritime
navigation ships [21—23], and on the contrary
is not used in the railway traffic based on
signal-blocks. It is slightly manifested in the
«no traffic lights» road traffic, that is, within
subsidiarity-based control system. This
theory can be transferred to the field of
subsidiarity-based railway management. It
includes the development of algorithmic
support based on the application of
optimization methods of control theory and
the ideology of computer-aided design. In
contrast to the known methods of synthesis
of control laws that improve separate dynamic
features, the multi-purpose approach
supports the state of the controlled object in
the most comprehensive way. It is particularly
important that the controlled object has the
property of astatism regarding controllable
key parameter, that is the ability to reduce
the error of traffic parameters to zero in the
presence of external influence.Modeling of
such systems is a non-trivial problem, as its
formulation and solution with the use of
modern mathematical and computer methods
substantially depends on the type of object,
its parameters and purpose.

Conclusion

The use of subsidiarity-based management
for railway transportation makes it possible to
organize a flexible and denser train schedule.
Subsidiarity-based management includes
multi-purpose control of a series of objects,
uses acommon mechanism and rules, making
it possible to implement such traffic
organization model for intelligent
transportation and cyber-physical systems.
Subsidiarity-based control system is an
alternative to hierarchical control [24] with a
rigid timetable. It allows flexible planning to
achieve a strategic goal. The analysis of
subsidiarity-based management contextually
reveals two important factors: a model of
information situation and a model of
information units. The entire subsidiarity-
based management and control model is based
on the creation and use of a model of the
information situation. Information units serve
as the basis for control adaptability, consistency
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and sustainability. Subsidiarity-based control
is especially efficient for situational control
[25, 26] under the conditions of dynamically
changing traffic conditions, influence of
external factors and high traffic intensity.
These are just the traffic conditions of the
megalopolis. However, the application of this
approach for railway transport requires special
mathematical methods for analyzing traffic
conditions that are not used in conventional
transportation management and control. The
essence of subsidiarity-based and astatic
management is to minimize human
involvement in management. The effect of
subsidiarity-based management is to increase
the speed of decision-making. It is possible to
consider subsidiarity-based management and
control systems as reactive ones, that is quickly
responding to changing traffic situation. The
advantage of such systems is that they can be
used within automated and intelligent traffic
control system. This enables accumulation of
experience of automated control for further
transferring it to intelligent transportation and
transport cyber-physical systems [27].
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