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ABSTRACT

Existing and suggested approaches to development of staffing
plans regarding infrastructure maintenance are analysed from the
point of view of ensuring interests of a railway infrastructure
company, using example of JSC Russian Railways.

The existing methodology of planning workforce involved in
maintenance of the railway infrastructure is based on the use of
average values of parameters resulted from monitoring of the state
of infrastructure structures, roadbed and track devices conducted
monthly, as well as during autumn and spring continuous inspections
and checks of the track. The received values of work to be performed
only implicitly reflect the required number of workers, effective
involvement in operation, and efficiency of each worker.

The modern trend towards digitalisation and cybernation of all
processes, when organising maintenance of the track infrastructure,
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provides for maximum social adaptation of production processes
to requests of owners, tasks of organisers and interests of
performers. Staff planning based only on the volume of work to be
performed does not allow digitalisation and social cybernation of
an individual performer.

The syntagmatic component of such an algorithm is the
monthly total worked time, which is determined by the actual
engagement of each performer. The paradigmatic component of
such models should be the same daily number of performers. The
stage of preliminary assessment of application of the proposed
algorithm for digitalisation and social cybernation of workforce
planning supposed an increase in labour productivity, approximately
by 20-25 %, an increase in quality of work and a more effective
assessment of activities of each performer.
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INTRODUCTION

The existing system of railway infrastructure
maintenance is based on monitoring its condition
and is carried out in the form of commission
inspections, as well as by the use of assessment
results by special technical diagnostic tools and
equipment in accordance with the standards
governing maintenance of tracks and
infrastructure facilities® [1-5].

In JSC Russian Railways, the methodology
of workforce planning regarding maintenance of
the railway infrastructure is based on the use of
average values of parameters of the infrastructure
condition based on the results of monthly, as well
as autumn and spring, continuous commission
inspections and inspections of the track,
infrastructure facilities, roadbed, and track
devices?

The works performed by the teams of linear
and operational sections for the coming month
are planned by the road master together with
foremen responsible for current maintenance of
the track, roadbed and structures, considering the
results of infrastructure monitoring. The
developed schedules are approved by the head
of the track division in the form of PU-74
schedule®. Development of the current PU-74
schedules considers the work performed during
the previous month. When summarising the
results of the work performed, the previous and
completed current PU-74 schedules are
considered.

Technical substantiated standards («TNK»*
or «TNV»?), as well as other regulatory
documents approved by the Central (CDI) or
regional (DI) infrastructure directorates,
branches of JSC Russian Railways, are the basic
normative documents for calculating the
standardised scope of work, the standardised

! Instructions on current maintenance of the railway track,
approved by the order of JSC Russian Railways No. 2288r
dated November 14, 2016.

2 On comprehensive assessment of the state of the track
(as amended by the order of JSC Russian Railways dated
January 20, 2012, No. 72r.

8 Journal of accounting of work on current maintenance
and assessment of the state of the track and track devices
(PU-74), approved by the order of JSC Russian Railways
dated May 2, 2012, No. 857 r.

4 Technical substantiated standards of time for work on
current track maintenance (TNK). Department of tracks and
structures of JSC Russian Railways. Moscow, 2009.

5 Technical substantiated standards of time for work on
current maintenance of the track (TNV) (as amended by the
order of JSC Russian Railways dated 05.08.2015 No. 1976r)
(7" edition, revised and supplemented) in 2 parts.

number of employees and workers, the
standardised duration of works.

The volumes of work obtained in this way
can only implicitly reflect the number of
workforce, involvement in operations, and
efficiency of each employee.

MATERIALS AND METHODS
By the existing methodology?, the planned
tasks for performance of work are calculated

according to the dependence (1):

Vs X Hpnge X K,

—  works
worked .hours K >
measure

(1)

where V, . is amount of work that is assumed
based on the results of assessing the state of
infrastructure elements by means of diagnostics
(based on monitoring described above or on
current control);
N normalised time for work
worked. hours
performance;
H_ . is standard time to complete a unit of
work (as stipulated in TNK or TNV);
K, — coefficient of the temperature zone;
easre — @ UNIt of measurement for this work.
The production rate (N ) per work shift (8,2
| X prod-
hours) is determined by the formula (2):
N 8,2

prod =
Ny x K,

2

measure 3

where N is time rate from TNK;
N . —production rate;
pro

K, ... — Measurement units.

Time for travelling to the work site, for trains
traffic and for the time used by signalmen to
install necessary signs are determined according
to actual data.

The volume of work performed in fact must
coincide with the specified amount of work (for
a working day, week, month).

The hours that were spent for work may be
less than normalised time. Normalised hours
must correspond to the work assignment.

The production rates per 1 hour and per 1
person are determined by dividing the measure
rate established for this type of work by the time
rate, and per shift — by multiplying the result by
the duration of the shift.

At present, the trend in production activities
and in transport towards digitalisation and
cybernation of all processes [6], when organising
maintenance of the track infrastructure, provides
for maximum social adaptation of production
processes to requests of owners, tasks of
organisers and interests of performers.
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Pic. 1. Two types of decision-making models [9].

The existing practices of planning the
production labour process of maintenance of the
track infrastructure in terms of the volume of
work performed does not allow digitalisation and
social cybernation of an individual performer.

Social cybernetics is aimed at creating
a theoretical basis for assessing and managing
systems of cooperative distribution and
accounting for activities of each performer [6].
It is based on identifying the share of participation
of each performer in the overall production
process while detailing the technology of
working operations. The paradigm that social
cybernetics uses in the analysis of any system is
the basic law of social cybernetics. It says that
all work teams go through six levels of social
contracts for their subsystems:

* aggression ¢ survival;

* bureaucracy < following the rules and
regulations;

* competition < my gain — your loss;

* solution < disclosure of individual
intentions;

» complementarity [7] ¢ cooperation in
common interests,

* freedom of choice (subsidiarity [8]) < the
ability to manage own actions and self-control.

The transition through those six phases of
relationships provides the basis for a social and
cybernetic assessment of any evolutionary
system, to which work teams can be attributed.
Moreover, these phases manifest themselves in
different ways in cybernetics systems of different
orders.

The sequential decision-making model is the
simplest cybernetic model. It is built according
to the principle (3):

(AAB)—> P, 3)

In expression (3), 4 is an event that affects
object B, which leads to result P. Expression (3)
is a classical expression of succession, in which
the symbol — is called implication. An expression
in parentheses is called a premise or antecedent.
Pis called a consequence or apodosis. Sequential
logical actions and events are well tested with
logical expressions. They form a logical sequence
in the form of a set of expressions (3), which set
logical chains of decision-making. Sequential
actions and models are well modelled using
graphs. Pic. 1 gives two types of decision-making
models [9].

The direct algorithm is a sequential chain of
actions, which are shown in Pic. 1a. In the
diagram in Pic. 1a, the output of the current stage
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serves as the input to the next stage. Such models
are called sequences because the inputs/outputs
of the stages are consistent in them. However,
interrupting a stage interrupts the entire chain.
In this model, there is a single general rationality
of actions.

RESULTS

A model of the above-mentioned type can be
used in development of an algorithm for
scheduling the scope of work regarding
maintenance of the track infrastructure to
eliminate the identified malfunctions by means
of diagnostics. When modelling such a process,
there is no relationship to specific performers.
The digitalisation and cybernation of such
processes consists in recording a planned or
completed event, as well as the absence of such
an event, in the form of a planned or completed
one, which should have been based on the results
of diagnostics.

Currently, the initial materials for development
of such sequential models can be compiled from
monitoring data using EK ASUI (single Corporate
Automated Infrastructure Management System);
KAS ANT (complex automated system of
accounting, control of elimination of failures in
the operation of technical means and analysis of
their reliability); KASAT (integrated automated
system for accounting, investigation and analysis
of cases of technological violations) systems,
commission inspections (autumn, spring,
monthly, etc.), data from track measuring and
defectoscope control devices and other materials
evaluating the state of the infrastructure. The
peculiarity of development of such a model for
planning the scope of work for maintenance of
infrastructure is that if any work operation is not
performed in the chain of the sequential model
the result is not achieved.

Pic. 1b shows a serial-parallel model of
decision-making. This model focuses on
producing results at every level of the decision-
making stage, but with independent inputs for
each stage. Such a stratified model is a collection
of particular models in a general decision-making
model. We can talk about syntagmatic models
along horizontals (levels) and paradigmatic [10;
11] vertical models. In such models, there is one
common result and a set of individual approaches.

These models include the labour force
planning algorithm. The syntagmatic component
of such an algorithm is the monthly total worked
time, which is determined by the actual worked

time of each performer. The paradigmatic
component of such models should be the same
daily number of workers.

Despite the variety of models, there are
general rules and principles by which models of
social cybernetics are formed. When generating
models, the following rules apply:

* The area of interest is fixed as an information
situation (A,), in which management is planned
to be carried out:

* In the information situation, conditions (A,)
are fixed, determined by a set of parameters or
constraints.

* For the problem areas, known heuristics
(A,) are fixed in the form of patterns [12] or rules
by which calculations can be performed.

« If a suitable model based on heuristics is
not found, a new model is formed based on
analytical studies (A,).

« For the decision to be made, the conditions
(A,) ofits correctness and admissibility are fixed.

* Criteria for evaluating the effectiveness of
the solution are selected (A,).

* Technology is applied (B) and the result is
obtained (P).

This technique has a logical form (4):
ANANADADAB— (PAA) A, (D)

There are many computational models that
can be classified as structural objects, for
example, the conceptual model [13], which is
a theoretical prerequisite for building
a computational model.

Pic. 2 is a diagram of construction of
a decision-making model.

DISCUSSION OF THE RESULTS

As a strategic direction for digitalisation and
social cybernation, planning of the workforce for
maintenance of railway infrastructure is an
addition to the existing methodology for setting
planned targets for performance of work
(dependence 1) by determining the number of
performers to complete the task.

The basic regulation documents for
calculating the standardised number of employees
and the standardised duration of work are, for
example, TNK* or TNV®.

The algorithm for digitalisation and social
cybernation of staff planning is that after
establishment of planned targets for performance
of work (dependence 1), the duration of work in
working hours or working days is determined,
as a quotient from dividing the planned volume
of work by duration of the working day.
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Pic. 2. Model building scheme [13].

Further, the planning process is carried out
with the set number of workers, for example,
according to TNK* or TNV®.

When developing the «Schedule of execution
of planned works» it is necessary to adhere to
the following principle. At the beginning, the
most labour-intensive work with the largest
number of workers is distributed per working
days. In case of incomplete workload of working
days until the end of the month, the performers
of this work are transferred to another job the
next day (the «ladder» principle).

If the next work does not require involvement
of all performers, those who performed the first
job are transferred to the next jobs in parts. It
should be borne in mind that the following works
according to their technological features may
require a certain stipulated number of workers,
which is indicated in TNK* or TNV® for this
work.

After completing formation of distribution of
workers who have performed the first work for
other works until the end of the month, it is
possible to start distributing the remaining
unallocated works. The distribution principle
remains the same.

When forming list of workers intended for
individually performed works, it is possible to
attract several performers to speed up the
performance. The situation of supplementing or
reducing the number of teams, which are
indicated in TNK* or TNV® for this work, is
unacceptable.

To control the correct distribution of work
and performers, it is recommended to keep
records of performers regarding each working
day.

When carrying out the operation of
distributing working days for cases of incomplete
working hours, several solutions may be
considered [14; 15]. For example, redistribution
of part-time working hours for travelling to the
job location and back, for passage of trains and
other losses of a production and technological
nature. In this case, it is necessary to recalculate
duration of working hours for the entire period
of this work. This will lead to a decrease in
duration of working days and a decrease in
production, which must be considered when
calculating the volume of work.

Another distribution option can be
redistribution of excess time in the form of
additional time to each working day as a factor
in increasing labour productivity. This option is
possible when the part-time job received by
calculation is distributed within 30-40 % of the
full working day.

After distribution of works and performers
in accordance with the specified volumes and
duration, a statement of the actual number of
performers is drawn up.

The actual number of employees is one of the
indicators that is used in the accounting system
for the number of performers at a particular
enterprise. In addition, such a calculation will
help to analyse the work of the enterprise,
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identify shortcomings in the work of the team
and provide opportunities for optimisation at
a particular enterprise.

After drawing up a list of the actual number
of performers, a list of the payroll of performers
is drawn up.

The list number of performers of current
maintenance of the track within the whole track
division, which are based on materials of, for
example TNK* or TNV?, is determined by
summing up the number of performers of each
work, which is provided for by technology.

CONCLUSIONS

The research presented in the article is aimed
at developing a mechanism for planning labour
resources, their optimisation, rational distribution
and control.

The algorithm for digitalisation and social
cybernation of workforce planning allows
keeping an operational record of each performer
in accordance with the results of the work
performed and occupation of performers
according to the attendance number. Further
development of the developed algorithm
considers the process of automated operational
accounting and control of staff planning, as well
as of their performance in implementation of the
assigned production tasks.

The stage of preliminary assessment of
application of the proposed algorithm for
digitalisation and social cybernation of staff
planning supposes an increase in labour
productivity, approximately by 20-25 %, an
increase in quality of work and a more effective
assessment of activities of each worker.

REFERENCES

1. Milne, D., Le Pen, L., Watson, G., Thompson, D.,
Powrie, W., Hayward, M., Morley, S. Monitoring and repair
of isolated trackbed defects on a ballasted railway.
Transportation Geotechnics, 2018, Vol. 17 (PartA), pp. 61—68.
DOI: 10.1016/j.trge0.2018.09.002.

2. Yongxiang, Z., D’ Ariano, A., Bisheng, H., Qiyuan, P.
Microscopic optimization model and algorithm for
integrating train timetabling and track maintenance task

scheduling. Transportation Research Part B: Methodological.
2019, Vol. 127, pp. 237-278. DOI: https://doi.org/10.1016/].
trb.2019.07.010.

3. Wen, Haijun; Hou, Shiwang; Liu, Zhaohua;
Liu, Yongjiang. An optimization algorithm for integrated
remanufacturing production planning and scheduling system.
Chaos, Solitons & Fractals,2017, Vol. 105, pp. 69—76. DOL:
https://doi.org/10.1016/j.chaos.2017.10.012.

4. Dewilde, T., Sels, P., Cattrysse, D., Vansteenwegen, P.
Robust railway station planning: An interaction between
routing, timetabling and platforming. Journal of Rail
Transport Planning & Management, 2013, Vol. 3, Iss. 3,
pp. 68—77. DOL: https://doi.org/10.1016/j.jrtpm.2013.11.002

5. Norman, T. L. Electronic Access Control (Second
Edition), Elsevier, Inc., 2018, ISBN 978-0-12-805465-9.
DOL: https://doi.org/10.1016/C2015-0-04450-1.

6. Rosenberg, I. N., Tsvetkov, V. Ya. Social cybernetics
in digitalization of transport infrastructure [Sotsialnaya
kibernetika v tsifrovizatsii transportnoi infrastruktury).
Nauka i tekhnologii zheleznykh dorog, 2020, Vol. 3, Iss. 3
(15), pp. 3—14.

7. Bogoutdinov, B. B., Tsvetkov, V. Ya. Application of
the complementary resource model in investment activity
[Primenenie modeli komplementarnykh resursov v
investitsionnoi deyatelnosti]. Bulletin of Mordovian
University, 2014, Vol. 24, Iss. 4. pp. 103—116.

8. Loginova, A. S. Evaluation of applicability of
subsidiary management [ Otsenka primenimosti subsidiarnogo
upravleniya). Aktualnie problemy sovremennoi nauki, 2015,
Iss. 3, pp. 297-301.

9. Tsvetkov, V. Ya., Mordvinov, V. A. An approach to
systematisation of algorithms [Podkhod k sistematizatsii
algoritmov). Ontologiya proektirovaniya, 2018, Vol. 7,
Iss. 4 (26), pp. 388—397.

10. Elsukov, P. Yu. Paradigmatic and syntagmatic
relations in dichotomous division [Paradigmaticheskie i
sintagmaticheskie otnosheniya v dikhotomicheskom delenii).
Slavic Forum, 2019, Iss. 3 (25), pp. 19-26.

11. Katz, M., Domshlak, C. Optimal admissible
composition of abstraction heuristics. Artificial Intelligence,
August 2010, Vol. 174, Iss. 12—13, pp. 767—798. DOL: https:/
doi.org/10.1016/j.artint.2010.04.021.

12. Shchennikov, A. N. Using patterns in design of
algorithms [Ispolzovanie patternov pri konstruirovanii
algoritmov]. Slavic Forum, 2018, Iss. 1 (19), pp. 96—103.

13. Kornakov, A. N. Conceptual model of information
management processes of an industrial organization
[Kontseptualnaya model protsessov informatsionnogo
upravleniya promyshlennoi organizatsii). Bulletin of Moscow
State Regional University / Economics, 2010, Iss. 2, pp. 95—
100.

14. Kovalenko, N., Grin, E., Kovalenko, N. The determination
of the repairs of railway track considering the reliability and risk
level. E3S Web of Conferences, 2020, Vol. 157, pp. 06031. DOI:
doi.org/10.1051/e3sconf/202015706031.

15. Kovalenko, N. I, Grin, E. N. Engineering prevents
threats. World of Transport and Transportation, 2012, Vol. 10,
Iss. 5, pp. 138—142. [Electronic resource]: https://mirtr. elpub
ru/jour/article/view/756/1105.

Information about the authors:

Kovalenko, Nikolay I., D.Sc. (Eng), Professor at the Department of Track and Track Facilities of Russian University of Transport,

Moscow, Russia, kni5S0@mail.ru.

Buchkin, Vitaly A., D.Sc. (Eng), Professor at the Department of Railway Design and Construction of Russian University of Transport,

Moscow, Russia, buchkin@mail.ru.

Bykov, Yuri A., D.Sc. (Eng), Professor at the Department of Railway Design and Construction of Russian University of Transport,

Moscow, Russia, ua_bykov@mail.ru.

Grin, Elena N., Ph.D. (Eng), Associate Professor at the Department of Track and Track Facilities of Russian University of Transport,

Moscow, Russia, miit-grin@rambler.ru.

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 2 (93),

Article received 02.02.2021, approved 23.04.2021, accepted 05.05.2021.

pp. 258-263

Kovalenko, Nikolay I., Buchkin, Vitaly A.; Bykov, Yuri A.; Grin, Elena N. Application
of Digitalisation in Staffing Planning for Railway Infrastructure Maintenance




