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ABSTRACT

The article discusses the implementation and usage of information technologies in the field of automobile
workshop management. A potential direction is the implementation of digital twins in various industries and technological
processes. Digital twins by using a virtual environment make it possible to answer the question: "What if?" without
experiments on real production and business processes of the company. The digital twin of an automobile workshop will
increase the efficiency of the company by introducing an analytical system and a decision support system. The first phase
of creating a digital twin is the development of a simulation model of an automobile workshop. The model must be able to
generate data, analyze it and make optimization decisions based on it. Simulation is used to train and tune the digital twin.
When implemented in real production, the source data simulation module can be replaced with a set of source information
from the enterprise. The rest of the modules will be able to perform their functions without lengthy configuration. The
article presents in detail the block of simulation modeling of the processes of operation of the vehicle fleet and automobile

maintenance and repair workshops.

Keywords: vehicle fleet, digital twin, optimization, car maintenance and repair, simulation.

INTRODUCTION

Motor vehicles are in first place in terms of
freight traffic among other types of transport (about 70%
of all transported goods in Russia). Truck-based special
vehicles are widely used for a variety of tasks. A large
number of vehicles are concentrated in freight companies
or taxi cab companies that provide transportation services
to citizens or other organizations. These can be companies
of vehicle fleet owners. Throughout the article, these
companies will be called the vehicle-using company. A
trucking company typically uses one of two strategies to
keep vehicles running: car maintenance and repair by its
own facilities or by third-party service organizations [8,
20]. When using the first strategy, the main structural
element is the service department whose main tasks are the
maintenance and repair of vehicles. The technical
department consists of several mechanics (operators) who
carry out work in an area equipped with car lifts and the
necessary equipment [1].

The set of mechanics, equipment, and work area
will be called a repair unit or unit. The unit is a channel for
processing incoming requests for vehicle maintenance and
repair. Motor transport enterprises are interested in
reducing operating costs and increasing the efficiency of
using cars. These measures can be achieved by optimizing
the work of the technicians [21], maintenance scheduling
and service interval optimization [25, 26 19], improvement
of vehicle reliability factors, rational organization of the
work of automobile service and repair workshops [7], and
some other ways. The development of a digital twin of a
trucking company has significant potential to improve the
efficiency of vehicle-using company management. Digital
twins are virtual prototypes of real production assets that
reproduce the form and actions of the original and are
synchronized with it. Digital twins are beginning to be
widely used in various industries. For example, in the oil
and gas sector, assets are being digitized to reduce
operating costs and increase production and refining

efficiency. In the automotive industry, digital twins are
used mainly in the production of cars and in improving the
reliability of their components and assemblies [2, 12, 18].

Digitalization of production can become the basis
for a decision support system for the management team.
Decision support systems are computer-automated
systems, the purpose of which is to help people make
decisions in difficult conditions for a complete and
objective analysis of the subject activity. Decision support
systems are based on the theory of decision-making, the
methodological basis of which is the scientific basis of the
systems approach. These topics lie in the focus of systems
engineering, which is aimed at guiding the creation of
complex systems [9]. Systems engineering is closely
related to the concept of digital manufacturing.

Simulation is widely used in decision support
systems. This method has advantages over analytical
methods when modeling complex systems with a large
number of random factors [5].

The aim of the work is to increase the efficiency
of the vehicle-using company by developing a simulation
model of the automobile maintenance and repair
workshop. This is the first step in creating a digital twin
for a company.

The paper is structured as follows. The materials
and methods that disclose the algorithms and structure of
the simulation model are presented in Section 2. Section 3
contains the initial data for modeling. Section 4 presents
the results of modeling to determine the number of
automobile repair units, and implement the algorithm for
their loading. Section 5 provides an overview of the
vehicle-using company digital twin web application. The
last section summarizes the results and conclusions.

MATERIALS AND METHODS
The structure of the developed digital model of a
vehicle-using company consists of several blocks (Figure-
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Figure-1. Digital model of a vehicle-using company.

The transport usually acts as a service for a the factors that influenced failures, determines the
particular production process (block 1). For example, oil frequency of their occurrence and the duration of
and gas production companies form a request for downtime in repairs, evaluate the work of mechanics and
automobiles and special vehicles to vehicle fleet owner the logistics department, etc [15]. At the macro level, the
companies or departments. Or the taxi company must model allows you to determine the performance indicators
service all received requests for the carriage of passengers. of the technical department determine the rational term of
For these companies, the main production acts as an use of the vehicles’ fleet, and its structure, draw
external environment. It forms the requirements for the conclusions about the correspondence between the number
size of the fleet of vehicles, its structure, the scope of of vehicles and the flow of applications for them [23].
work, and the conditions for operation. Trucking Also, the digital model includes a system for forecasting
companies must continuously ensure that these and decision-making support (block 10), which is able to
requirements are satisfied by configuring the work of all give recommendations and evaluate the actions of
services for this. The vehicle operation module (block 2) personnel based on artificial intelligence and scientific
forms the daily mileage of vehicles and determines their patterns identified in the previous blocks. A feature of this
technical condition (block 3) [3, 10]. The vehicle can be in approach is the presence of feedback, which allows
working condition and perform the work assigned to it, or management to adjust the parameters of any block based
it can be idle while waiting for an order. Finally, it can be on an analysis of the company's current activities. For
in a faulty condition or under maintenance. The example, the model allows for adjustment of the number
manufacturer's technical reliability indicators of the and composition of repair units (mechanics for car
vehicle may change under the influence of external maintenance and repair, equipment, car lifters), depending
conditions and the intensity of its operation [4]. Vehicle on the annual program for using the vehicle fleet, formed
transition to a faulty condition forms a flow of requests for at the request of the main production. Also, it could help to
maintenance and repairs for the automobile repair increase the number of customers [24]. With the help of a
workshop, which may be a part of the company’s technical digital model, it is possible to determine the company's
department (block 4). It is interconnected with other performance indicators when changing the car
structural elements: the supply department (block 5), and maintenance and repair strategy (for example, when the
employees (block 6), and affects the economic indicators company completely refuses to service and repair cars) or
(block 7) and the vehicle fleet structure (block 8) [6, 11, when restructuring the fleet (changing the model range,
14]. The digital model of a vehicle-using company makes the average age of cars, etc.).
it possible to trace the direction and relationship of The article discusses the implementation of the
information flows between the considered blocks, as well following modules of the company's digital model: a
as to generate analytical reports of any complexity and model of car operation, changes in its technical condition,
depth in real-time (block 9). Preventive maintenance is an and a model of a car maintenance and repair station.
effective tool in fleet management [13]. Thus, company Below are the schemes of the algorithms of the
management has the opportunity to evaluate the main modules mentioned above and a description of their
effectiveness of production processes [16]. For example, work. The algorithm for the simulation model of car
the model allows to evaluate of the reliability indicators of operation is shown in Figure-2.

a particular vehicle in comparison with others, considers
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Figure-2. Algorithm for the simulation model of car operation.

The following is a description of the algorithm of
the simulation model of car operation. The data on the
required number of cars and the simulation period, which
is 1 year or 365 days, are fed into the model. The
simulation step is 1 day.

Before starting the simulation, a specified number
of objects of the “Car” class are created with the following
parameters: serial number, state registration number,
make, model, year of manufacture, mileage from the start
of the operation, frequency of maintenance, state (good,
faulty), average maintenance time, average repair time.
When a new day arrives, the condition of the vehicle is
checked. If the car is serviceable and not under repair,
daily mileage is generated, the accumulated mileage is
calculated and the mileage is updated from the start of
operation. At each step, according to a predetermined
distribution, the failure moment is generated. The
generated mileage at which the failure occurs is compared

with the current mileage of the car and, if the failure did
not occur, the indicators are recorded in the database and
the next business day is simulated. When a failure occurs,
the vehicle is transferred to a faulty state; the repair
duration counter is reset to zero. If during the simulation
the car was already under repair, then the repair duration
counter is reduced by one. If the repair has been completed
(the repair duration counter is zero and the vehicle state is
faulty), then the vehicle is placed in a healthy state and the
simulation continues.

The data generated by the previous module
(block 11 in Figure-1) are the basis for the operation of
other modules of the digital model of a trucking company.
The sum of the daily number of failures and requests for
maintenance for all cars is the initial information for the
car repair zone modeling block, the block diagram of
which is shown in Figure-3.
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Figure-3. Scheme of the algorithm of the car repair zone.

At the input to the model, the number of units for
servicing applications is set. The units operate on the
principles of an n-channel non-Markovian queuing system,
while the distribution of random variables can be
determined by the user.

The state graph of the queuing system is shown in
Figure-4.
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Figure-4. Graph of the state of the car repair unit in the
current repair area.

The system can be in several states, passing into
each other sequentially with the intensity of the flow of
requests A and the intensity of the flow of services u: Sy -
the channel is free, S; - the channel is busy (serves the
request), there is no queue, S, - the channel is busy, one
request is in the queue, the channel is busy, S;.; requests
are in the queue. At the same time, the number of system
states is limited by the total number of repair requests at
the current modeling step, and the queue size of

unprocessed requests incremented to it from the previous
step. The simulation step is also equal to one day. The
model reads the total number of repair requests from the
database and adds to it the number of requests in the queue
from the previous day. This value will be the initial
number of applications arriving in the repair zone.
Existing studies were mainly aimed at optimizing the work
schedule of units [22]. The difference between this model
and the known ones is the mechanism for leveling a load
of units by redistributing requests between them. That is,
the request is received each time not for the first unit of n
available, but for the one whose average load over the past
simulation period is minimal. To do this, the model
determines the unit load indicator, after which it sorts
them according to the degree of load increase (Eq.1).

N,

m

k,=>.D,/N,

i=1

€))

where k; - unit load factor; D, - number of days the unit is
in operation; N,, - number of days from simulation start to
current step m.

Features of the implementation of the proposed
method are shown in Figure-5.
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Figure-5. Redistribution of units depending on their average load.

In the example shown, Option A corresponds to
the standard queuing method for processing requests by
channels. In this case, the load of the first channel is
always greater than the load of the subsequent ones, since
the algorithm distributes requests sequentially as the
channel index increases. In practice, uneven loading of
units can be inefficient, as it leads to uneven loading of
mechanics, which is associated with subsequent financial
and economic problems and dissatisfaction of the staff.
Option B is preferable, as it assumes uniform loading of
all service channels. Channel 1, loaded by 70%, is
determined to have the lowest priority for the receipt of
applications in this iteration of the model, the underloaded
channel 3 is put in place 1, and channel 2 remains in place.
Thus, the next request will be sent not to the already
overloaded first channel, but to the underloaded third one.
If at the current modeling step, the number of requests is
greater than or equal to one, then the operation of the
repair zone is simulated to process each of the incoming
requests. The repair area consists of a number of units
predetermined by the operator with a given distribution of
their productivity. The units are already sorted according
to the load average leveling principle presented above. If
the unit is free, i.e. its release time is less than the current
model time, then the order is assigned to this unit. At the
same time, the status of the unit is changed to "busy", a
new value of the unit's release time is determined, the
counter of serviced requests is updated, and statistical
indicators of its functioning are recorded in the database.
These steps are performed for all applications. If there are
unprocessed requests in the system, and all units are busy,
then these requests go to the queue and are added to the
requests at the next modeling step. A unit's status changes
to "free" when the current model time exceeds its release
time. The module returns information on the daily
workload of each unit.

The final stage of modeling is the function of
determining the load indicators of the repair area when
iterating through various options for the number of repair

units. To ensure the required accuracy, the simulation is
performed for a certain number of cycles, after which the
results are averaged and analyzed.

INITIAL DATA FOR MODELING

The simulation model is implemented in the
Python programming language using the numpy, pandas,
matplotlib, and random modules. The purpose of the
simulation was to test the performance of the model and
the possibility of optimizing production processes. To
perform a specific task, the user can set any values of
input variables and distribution laws based on data from
the enterprise. In addition, the analytical module of the
digital model can make recommendations on the average
values of the input parameters based on the processing of
primary data. The input data for the simulation are listed
below.

Number of simulation cycles: 100

Simulation period: 365 days

Simulation step (model time change): 1 day

Number of vehicles (fleet size): 100 units

Maintenance interval: 12,000 km.

Mathematical expectation of mean time before
failures: 4000 km.

The mathematical expectation of the duration of
the elimination of failure: 3 days.

Types of failures (large groups):
transmission, suspension, electronics, chassis

Vehicle age range: 2005 - 2020

Distribution laws of random variables: daily
mileage, time between failures, application service time,
vehicle age generation - uniform distribution
(random.randint() Python3.10 module).

engine,

SIMULATION RESULTS

Based on the results of the simulation, a database
of operational indicators of the car fleet is formed,
presented in Table-1.
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Table-1. Results of modeling data on the operation of the fleet of vehicles for the year.

License Year of Mileage since Mile | Accumulated | Mainten | Fail | Failure
No Brand | Model . start of Day .
number issue . age mileage ance ure type
operation
37 P477‘;TO BMW | 7 2013 124467 16 | 187 2601 0 0 0
37 P477‘;TO BMW | 7 2013 124654 17 | 162 2763 0 1| suspenst
37 P477‘;TO BMW | 7 2013 124816 18 | o 2763 0 0 0

The table shows a slice of data for a 2013 BMW
7 car with serial number 37. On January 16, the car drove
187 km. There was no failure. January 17 after 162 km.
mileage, the car experiences a running gear failure, after
which it was sent to the repair area and was still in it on
January 18 (daily mileage = 0, no mileage increment was
recorded by the model). The information on the form
above should be recorded by the internal services of the
trucking company and used to optimize work processes.

Currently, the model generates it, but the final version of
the digital twin should use data from the analyzed
company.

As a result of simulation modeling using the
created digital model for a different number of repair
units, the following data were obtained: the loading of
posts, and the number of applications processed and
unprocessed by the units (Table-2).

Table-2. The results of modeling the operation of the system for servicing requests for car repairs for different
methods of distributing requests between units.

Number of Number of .
. Number of Average unit load
Number of units requests for . unprocessed
. processed queries . factor
repairs queries

5 2297 605 1692 0,99

10 2297 1207 1090 0,98

15 2297 1801 496 0,98

20 2297 2295 2 0,93

30 2297 2297 0 0,63

The load factor of units in the implementation of
the standard algorithm for assigning requests to units
changes on average by 20% ranging from 0.99 for 1 unit
to 0.78 for the last 20th. At the same time, the first and all

units with a low index (1-14) were loaded to the limit
during the entire simulation period (Figure-6 - upper
graph), and units with a higher index (15-20) could be idle
for some time (Figure-6 - central graph).
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Figure-6. Changing the loading of units with different options for distributing
requests between them.

With such a scheme for distributing queries and
the number of channels for processing them (units), all
queries are processed by the system, but more than 50% of
the channels operate at the limit of their capabilities with
maximum load. This can lead to a significant queue and
denial of service with any change in the intensity of
requests entering the system or the distribution of random
variables. Obviously, this method seems to be less rational
than the channel load balancing method, which makes it
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possible to reduce the load on the system and prevent
channel downtime, thereby increasing its ultimate
strength. When using the load leveling algorithm, each
channel was loaded on average by 93%. Thus, each
channel has a margin, which will allow it to cope with
deviations in the input parameters from the predicted ones.
The graph of changes in channel loading when using
various algorithms for distributing applications between
them is shown in Figure-7.

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Units

m uneven loading

m uniform loading

Figure-7. Changing the loading of units with different options for distributing requests
between them.

It should be noted that for both options, the final
performance indicators of the system: the number of
queries received, the number of queries processed, and the
average unit load factor - are the same. The problem turns

into a standard queuing system optimization problem in
order to determine the optimal number of channels [17]. It
becomes obvious that in order to efficiently process all
incoming queries, the system must have 20 units with an
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average load factor of 0.93. This is confirmed by the
breaking point of the curve for the degree of unit

1,2

£
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occupancy in the graph shown in Figure-8.
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Figure-8. The relation between the loading of units and their amount

It can be approximated by two linear equations
(Eq.2 and Eq.3), each of which can be used within certain
limits.

k, =—0.0016- X +0.992, with X in the interval (1, 20) (2)

k, =—0.0293- X +1.4913, with X in the interval (21, 50) (3)

where X is the number of points (units) for car repair.

The value of the approximation reliability R for
both models exceeds 0.95.

The practical application of the results presented
above can be the search for system parameters for the
required level of loading of the repair zone. So, to ensure a
given load level of 80%, a company may need 24 units to
serve all applications with current indicators 4 and u. The
digital model makes it possible to plan the operation of a
car service and repair area in this way and to predict the

output parameters of the system without resorting to
experiments on real production processes.

Optimization using economic indicators is
beyond the scope of this study since economic indicators
are specific and variable for each company. However, this
approach can be used in the final version of the digital
model of a company.

WEB APPLICATION

A prototype of the web application: "Automotive
Company Digital Twin" was developed using the Django
Python framework and Bootstrap 5. It implements the
modules already discussed above. The application allows
simulating of the operation of cars or downloading the
initial data of a real company in the form according to
Table-2.

An automobile company connects to the service
through the authorization system and gets the opportunity
to use the information analytics system for its operating
activities. The application has a main page where users
can choose an action (Figure-9).
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Figure-9. The main page of the developed Web application.

The information obtained by any of these
methods is analyzed by the application, after which the
user receives a report on the performance indicators of the
company and its services, visualization of changes in
indicators from the established standard values, as well as
recommendations for improving the efficiency of the fleet.
They are divided into groups and may include a list of
measures to increase the availability of the fleet of
vehicles or to reduce unproductive downtime in the area of
maintenance and repair of vehicles, etc.

The application can point to a number of
indicators and processes that are not working effectively
and that should be given increased attention. The system
makes it possible to simulate the further work of the
company with these parameters and see what it can lead
to. This will allow for making the right management
decisions.

CONCLUSIONS

In the future, it is planned to expand the
capabilities of the application and connect additional
modules to it, for example, scenario modeling to
determine the rational age of the vehicle fleet;
determination of rational parameters of the zone for
maintenance and repair of vehicles; evaluating the
performance of the commercial and technical department.
It will also introduce predictive analytics using deep
learning, such as dynamic failure prediction. A decision
support system will be implemented based on dynamic
analytics of primary information, for example, the system
will track vehicle downtime and determine influencing
factors.

The developed application can be used by the
management of automotive companies and transport
departments of large manufacturing companies to make
decisions on improving the efficiency of using cars
without the need to involve their own analytical
department, since the model, based on the patterns
embedded in it, makes it possible to identify negative
factors and trends and prevent them in a timely manner.

Thus, as a result of the study, the following
results were obtained:

a) A digital model of the operation of an automobile
company, which includes a simulation model for
generating statistical information on the operation of a
fleet of vehicles with the possibility of changing input
parameters

b) A simulation model of the area for maintenance and
current repair of cars, which uses the method of
redistributing applications among free areas, taking
into account their uniform loading.

¢) A method for determining the parameters of the car
repair zone, which is able to provide a given level of
site loading.

d) Analytical model for determining the optimal number
of repair sites, taking into account the minimization of
the level of their load and the number of unprocessed
requests for repairs

e) The web interface of a digital model of an automobile
company with the ability to determine the initial
parameters of the simulation, the intellectual analysis
of the results obtained, and the prototype of the
management decision-making system.
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