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INFORMATION SYSTEM OF VEHICLE RELIABILITY ANALYSIS BASED ON DATA
FROM CAR MAINTAINANCE SERVICES

In Europe and the United States, the popularity of independent organizations engaged in testing, inspections and
consultations related to the condition or value of the car is growing. They provide breakdown statistics, test results, help estimate
the vehicle or the cost of damage. Car manufacturers, insurance companies and car owners use their services. In Ukraine, such
services are not yet provided and everyone pays attention to statistics from other countries, which is not very relevant, We decided
to develop our own system for analyzing the car reliability.

The paper describes the information system of vehicle reliability analysis. The reliability assessment analysis of cars
includes the use of methods of statistical modeling and analysis.

The purpose of the research is to develop an information system for analyzing the reliability of a car according to
information from car services, storing statistics on car maintenance, the formation of annual ratings of car reliability. Information
system for car reliability analysis implements the functionality needed to generate a ranking of car reliability for different age
categories: 2-3 y. o., 4-5, 6-7, 8-9 and 10-11 y. o. Reliability rankings can be updated once a month, a quarter or a year. The
implemented system is based on the car service reservation system.

The subject of research is algorithms and methods of implementing the system of vehicle reliability analysis. The essence
of this approach is to analyze the information about orders from car service salons in Ukraine. The software product uses the
analysis to form car reliability ratings and reports on the average cost of service.

For implementation of the system such tools were used: HTML5 markup language, CSS3 style sheet language; SCSS
preprocessor scripting language; PHP programming language,; Laravel framework; MySQL database management system,
OpenServer Panel platform, Visual Studio Code editor; Digital Ocean Web hosting.

The results show that this approach can be useful for drivers, official dealers, car manufacturers or insurance companies.

Keywords.: ranking system, car maintenance service, car failure, reliability of a car.

IHHA CYT'OHJIK, I'AJIMHA MAPYYK,
OJIEKCAHP KY3bMEHKO, BITAJIIN JAHEJIIOK

JlepxxaBHuit yHiBepeuteT « KutoMupcebka mositexHika», JKutomup, Ykpaina

THO®OPMAIIMHA CUCTEMA AHAJI3Y HAJIIHHOCTI ABTOMOBLIIS 3A
JAHHUMMU ABTOCEPBICIB

B KkpaiHax €sporv Ta CLLIA 3pOCTaE oy SpHICTb HE3a/IeXHUX OPraHi3aLlivi, SKi 3aNMaroTbCa NEPEBIPKaMU, TECTYBAHHSAM,
THCIIEKLISMM Ta KOHCYJIbTaLlisIMU, OB'S3aHI 3/ CTaHOM 360 LIIHHICTIO aBTOMOOGI/IS. BOHM HafatoTs CTatuCTuKy 10/IOMOK, pe3y/ibTaTti
TECTYBaHb, /I0MOMAraloTh OLIIHUTY TPAHCIOPTHWY 3aci6 360 BapTicTs 36UTKIB. IX MOC/yramu KOPUCTYIOTLCS SIK aBTOBUPOBHUKY, TaK |
CTPaxoBi KOMaHii Ta BIACHUKW aBTO. B YKpaiHi rnogibHux rocsyr rnoku Lo HE H3AAETbCS, BCI 3BEPTAOTL YBary Ha CTatuctiky 3
IHILINX KPaEiH, SIKa € HE 30BCIM aKTyalbHOK, TOMY 6yJ10 BUPILIEHO PO3POOUTH BIACHY CUCTEMY 3 aHall3y HafIMHOCTI aBTOMOOGI/IA.

Y cTarTi onucyeTeca iH@OPMAaLIiViHa CUCTEMa aHa/li3y HaAMIHOCTI TPaHCIIOPTHUX 3ac0o6iB. AHA/I3 OLIHKW HAAIMHOCTI
aBTOMOOIVIIB BK/IHOYAE 3aCTOCYBAHHS METOAIB CTATUCTUYHOIrO MOAE/IOBAHHS | aHasl3y.

MeTot poboTy € po3pobka [HGOPMALIVIHOI CUCTEMM aHAsI3y HABIMHOCTI aBTOMOGINIS 3a AGHUMM aBTOMOGITIbHUX CEDBICIB,
36EPENECHHS CTATUCTUYHNX AGHUX LOAO 06C/TYroByBaHHS aBTOMOGINIB, QOPMYBAHHS LOPIYHUX PEUTUHIIB HAQIMIHOCTI aBTOMOGITIIB.
IHgopMaLiviHa cucTema aHasisy HagiiHoCTi aBTOMOBINIS — Peasi3ye QyHKLIOHAT HEOOXIAHMI A/1S (OPMYBAHHSA PEVTUHIY HAAIMIHOCTI
aBTOMOOIIIB 33 PI3HUMM BIKOBUMM KaTeropiamm: 2-3 poku, 4-5, 6-7, 8-9 1a 10-11 pokiB. PeriTuHIv HagiviHOCTi MOXYTb OBHOB/IATUCS
paz Ha MicsaLb, KBapTas abo pik. CUCTEMa peasi30BaHa Ha OCHOBI CUCTEMU GPOHIOBAHHS 1OC/TYI aBTOCEPBICY.

[IpeameTomM AOCTIKEHHS € alropuTMU Ta METOAM Peani3auli cuctemu aHamzy HaamHocTi aBTomobins. CyTb AaHOro
nnigxoqy roJsiIirae B aHasu3i 3aMOBJ/IEHNX [10C/IYr B aBTOMOOIIbHMUX CepBicax Ha TepUTOopii YKkpaiHu. AHa/ii3 3aCTOCOBYETHCA B
1IPOrPamMHOMy POoAYKT, A€ OPMYrOTLCS PEUTUHIM HAAIVIHOCTI aBTOMOOINIA Ta 3BiTv CEPEAHLOI BAPTOCTI MOC/TYI 06C/1YrOBYBAaHHS.

Ansa peasnizalii 6y/10 BUKOPUCTAHO. MOBY PO3MITKU [NEPTEKCTOBUX AOKYMEHTIB HTMLS5; kackagHi tabsmyi ctwiis CSS3;
npenpovyecop SCSS; MoBy nporpamyBaHHs PHP; @pevimopk Laravel;, cepegosuiye KepyBarHHs 6azamu gaHmx MySQL; rnaker
OpenServer; pegaktop kogy Visual Studio Code,; xoctwHr DigitalOcean.

Pe3y/ibTatv 110Ka3yrTb, WO LEH AXIA MOXE 6yTu KOPUCHMA A1 KOPUCTYBAYIB, OQILIVIHUX AU/IEDIB, BUPOOHMKIB
aBTOMOOITIIB Yn CTPaxoBUX KOMITaHIH.

KIo40BI C/10Ba: pEUTUHI, aBTOCEPBIC, BIAMOBA, HaAIMHICTb, aBTOMOOI/Ib.

Introduction
According to LMC Automotive forecasting company, 32 million new passenger cars and light commercial
vehicles (LCVs) were sold in the first half of 2020, which is 27% less than in the same period of 2019. According to
the UkrAutoprom Association, sales of new cars in Ukraine in 2020 amounted to 85 500, which is 3.4% less than in
2019.
The extremely low-income consumer behavior in the new car market is the main reason for the drop of the
sales. It prevailed even before the COVID-19 pandemic, caused both by a fall of population purchasing power on
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the segment of inexpensive cars, and by the policy of liberalizing imports of used cars, which radically changed the
structure of demand in the Ukrainian car market.

In 2019, statistics showed that Ukrainians bought and registered 408.1 thousand used cars, which is 5 times
more than the number of purchases of new cars. Compared to 2018, this number increased 3.5 times. The increase in
the purchasing power of used cars led to a demand to reliability assessment of these cars.

Reliability (dependability) - a property of a car to perform transport function, maintaining technical and
operational indicators in time or in mileage, which is important for used cars.

In Europe and the United States, there is a growing popularity of independent organizations engaged in
inspections, testing and consultations related to the condition or value of the car. They provide statistics of
breakdowns, test results, help estimate the vehicle or the cost of damage. Car manufacturers, insurance companies
and car owners use their services.

In Ukraine, there is no yet companies, which provide such a service. As a rule, statistical data are taken
from other countries and such information is not always relevant.

Analysis of the sources and problem statement for the research

In scientific literature, the number of works directly devoted to the assessment of vehicle reliability is very
limited. General theoretical and methodological provisions for determining the reliability assessment are set out in
the works of such scientists as Franz J. Brunner [0], Chong Chen, Ying Liu, Xianfang Sun, Carla Di Cairano-
Gilfedder, Scott Titmus [0] and Y Zhang, Q Liu [0].

In [0] Dr. Ajith Tom James gives an overview of the latest developments in car reliability, affordability and
maintainability. Studies by A. Abdullah, M. Yusoff, K. Wahab, Z. Ripin [0] present a methodology for determining
the maintainability index based on assembly criteria. The research [0] presents a brief introduction and selective
relevant links related to reliability of cars.

Paper [0] illustrates techniques that have been applied to use warranty claim information to assess the
relative reliability and incident rates for diagnostic trouble codes occurrences.

The goal and tasks of the research

The goal of the research is to develop a web-oriented system for analyzing the car reliability.

The goal determines the following tasks:

- Analysis of the vehicle evaluation process;

- Automation of vehicle evaluation according to certain criteria;

- Software implementation of the vehicle evaluation system;

- Implementation of the information module of the vehicle evaluation system.

Vehicle reliability assessment

To assess the reliability of vehicles the division into several parts is used [0, 0]. The first, main part is the
body, designed for passengers and cargo transportation. In Ukraine, cars with anti-corrosion protection, such as
galvanized or aluminum bodies, are mostly preferred.

The second part is the engine. In general, when choosing a car, the main factor is fuel consumption. In
addition, many other factors can also lead to high maintenance costs.

The third one is the running gear, where the condition of the roads must be taken into account.

The fourth part is the transmission, and most of the attention must be paid to the gearbox.

The reliability of a car contains a set of properties such as stability, longevity, maintainability and life
expectancy.

An indicator of stability and longevity is the car resource - maximum service life from the beginning of
vehicle operation or after repair to complete failure.

Mathematical methods for determining the vehicle reliability

Statistical information on the reliability (failures) of any element or object includes a set of quantitative and
qualitative indicators, which can be provided in the form of a number of numerical values.

We can characterize any failure by the probability of occurrence. Assume that a failure is an accidental
event that may or may not occur at any time with some probability. In this case, we apply the theorem of addition
probabilities of incompatible events.

To determine the extreme and average parameters of indicators change, it is advisable to use variation

series (X . X oo+ Xmax—1 Xmax /> Which make it possible to determine the distribution of population units on a

particular quantitative characteristic.
To check the homogeneity of the variation series, we use the Grabbs’s test, where we check the affiliation
of the extreme elements of the series to the general set (formula 1, 2).

X, —X
_ ““max ~
rmax - < rtabl (~ 3) (1)
O
X . —X
_ ““min ~
rmin - < I/;abl (~ 3) ()
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where X is the mean value of the parameter, and o is the standard deviation. We discard elements that have
not passed the test. Based on these variation series, we form an interval series of 5-12 intervals.

Processing an interval series is more effective by computer calculations. Next, we determine the mean
value of the parameter (formula 3), the standard deviation (formula 4) and the coefficient of variation (formula 5).

=i (3)
me
N2
e (B0 “
y=2 )
X

For better visualization, we present the result in the form of a histogram (Fig. 1).
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Fig. 1. Histogram of the failure rate distribution

To assess reliability seven laws are most often used.

Normal Gaussian law (formula 6) - describes the wear of working surfaces under normal operating
conditions, the life of parts and car as a whole (Fig. 2).
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Fig. 2. Gaussian distribution function

Weibull-Gnedenko distribution (formula 7) - is considered to be the fundamental law of reliability. It
describes the efficiency of elements, such as operating time before and between failures, repair resource (Fig. 3).

f(x)= %(fjbl e‘@b )

a

f(x)

0

Fig. 3. Weibull-Gnedenko distribution function
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Newton's binomial theorem (formula 8), based on expanding the polynomial (p+gq)" into a

n(n—l)

(p+q)n =p +np" g+ ——Lp" ¢+ +q"

series: 2!
f(x)=Cop*q"™ f(x)=Chpq"™ @®)

n
where ™ is the number of m-combinations from the set of n elements, q and p are the probabilities of
failure occurrence or absence (Fig. 4).

Fig. 4. Binomial theorem distribution functions for different probabilities of the faultless operation p

This law describes the multiple repetitions of failures quite well.
Poisson distribution (formula 9) - describes the reliability of independent elements (Fig. 5).

ax
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e

Fig. 5. Poisson distribution function

Rayleigh distribution (formula 10) - used in the theory of queuing and describes the operating time for

failure (Fig. 6).
f(x):z.(zje-(a) 10

f(x)

Fig. 6. Rayleigh distribution function

We also use an exponential distribution that describes well the occurrence of rare failures. The Gamma
distribution, Fisher, Student, Pearson laws, etc. are used to assess the accuracy of theoretical and empirical
distributions.

The agreement between the empirical and theoretical distributions should be checked by least squares
method.

Therefore, having analyzed the models and methods of assessing the car reliability, we identified the main
aspects to be used in the implementation of the information system.

Sources and methods of collecting information to assess reliability

The best source of information for the assessment of the vehicle cost are manufacturers or dealers. The
manufacturer can find out any information about a particular vehicle, the total cost, the cost of additional options,
the weight of the unit and more.

Reference books, technical docs, cost catalog, price lists are valuable sources of information. Car appraisal
experts need to keep a record of recovery prices to have accurate information and work more efficiently.

The assessment of the vehicle cost also includes an assessment of its reliability. To assess the reliability of
a car a lot of information can be obtained from operational tests. However, such tests do not show the full real car
reliability because it depends on many other factors. Therefore, complete failure becomes an accidental event and
service life may vary, depending on operating conditions.
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The assessment of the car reliability is carried out to determine compliance with the requirements, by
comparing the indicators of longevity, stability, maintainability and shelf life of a particular car with the same
indicators of others.

The main reliable source of information is controlled car operation or testing in conditions as close as
possible to real. This is the operation of a certain number of cars, with monitoring of the technical condition of each
machine by specially trained personnel.

To solve problems, we must correctly structure data. From the data collection, we need to get data about the
object, operating conditions, failures and their elimination.

Basic information can be received from the technical passport: manufacturer's brand, body number, year of
manufacture, category.

Conditions are set by definition of a geographical zone of operation and also a character of district, climatic
and soil conditions, system of maintenance.

Each failure should be characterized by the time of the element to failure, the date of detection, nature and
appearance, the probable cause, method and time spent on elimination. Everything must be recorded in accounting
documents.

In general, several types of accounting forms are already provided:

- Primary forms of accounting for information on operation;

- Forms for information storage;

- Forms for recording the results of reliability analysis.

The main methods used to collect information on the reliability of cars in operation are:

- Instrumental method;

- Timing method;

- Method of periodic observations;

- Method of data analysis of maintenance and repair documentation.

To improve the results and to get more information in less time, it is advisable to use a combination of
these methods. Information is collected from different sources and combined using the methods of mathematical
statistics [0, 0].

Technologies of analytical analysis of car reliability indicators

The car reliability depends on the mode of operation, quality of service, operating time, year of
manufacture of a car and the environmental conditions [0].

When buying a new car, a client believes that maintenance costs will be minimal, only for fuel and oil.
However, the statistics of one of the largest providers of car service and spare parts YourMechanic from the United
States say otherwise. The experts analyzed all their data and determined the cost of servicing new cars for 10 years.
According to them, the cost of servicing a car like Toyota Prius in the US is $ 4,300. Moreover, this is the lowest
cost. Ukrainian local police began to use this factor. An owner of Toyota Camry, considered a more prestigious car
and at the same time inexpensive to use, will spend $ 5,200 in 10 years. Comparing these two cars, the cost of the
second is not very large enough, considering their difference in class. However, these statistics are not entirely
suitable for the regions of Ukraine.

An overall reliability assessment can be viewed on the TUV (European Technical Inspection Organization)
website.

In the 2014 report, in the range from 2 to 3 years old, Toyota Prius is ranked 42nd in the reliability rating,
the average mileage is 42,000 kilometers, faults were recorded in 7.7% of cars.

In the 2013 report, in the range from 2 to 3 years old, Toyota Prius ranks 7th, mileage is 43,000 kilometers,
and the percentage of failures is 3.5%.

In the 2016 report, in the range of 4 to 5 years old, the Toyota Prius ranked 21st with a mileage of 65,000
and recorded 8.9% of malfunctions. We clarify that the same cars as in the 2014 report took part in the 2016 report.
Thus, in 2 years the number of breakdowns increased from 7.7% to 8.9%, i.e. in 3 years the number of breakdowns
increased by 7.7%, and in 5 years it increased by only 1.2%.

Let us explore why the indicators in the 2013 report are so different from the indicators in 2014, though the
difference between them is only 1 year. It is possible to assume that the 2013 report includes cars of an average 2009
year of production. The 2014 report includes cars of 2010 year of production accordingly. Having made a review,
we noticed that the new models of Toyota Prius were have been produced from 2009 to 2016. That is possible to
assume that the old models of 2004-2009 year of production have a higher reliability rating than the cars of 2009-
2016 years of production.

To confirm these assumptions, let's make a review of the 2012 rating. The average year of production is
2008, first place, the mileage of 39 thousand kilometers and malfunctions of 1.9%.

Consider another car, for instance the Volkswagen Passat. In the category of 2-3 years the 2011 model
ranks 106th, with 10.8% of malfunctions. The same model in the category of 4-5 years takes 99th place and 12.3%
of malfunctions. This fact suggests that most breakdowns occur in the first years of operation.

The same model but 2004 year of production and in the category of 2-3 years takes 64th place with 4.9% of
breakdowns. Category 4-5 years - 61 place with 9.7% of breakdowns. 6-7 years - 42 place and 15.4% of breakdowns
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accordingly. As we can see, the dependence of breakdowns on age is almost the same, in 2 years the number of
breakdowns increases by 5%.

This model confirms that the car reliability depends more on the car resource than age. The research
showed that over seven years, the failure indicators increases smoothly. In the ranking, this model increased by 22
places in 7 years. The best position in the ranking is 36 in the 2016 report among cars aged 10-11.

Thus, we can conclude that the hypothesis of new cars is not confirmed. In addition, it is not obvious that
old cars break down too often, as in the case of the Passat, where as it is found the percentage of breakdowns
changes with age by nearly the same value. The other fact in favor of old cars is that today specialists in the old car
selection are in great demand. This means that buying these cars is profitable.

We should also take into consideration the case with the Prius. The difference in reliability between the old
model and the new one can be great, so it should not to rely too much on the reliability of the previous model.

In general, the condition of a particular car can be determined quite accurately, but the percentage of
breakdowns is a very vague term. For accurate analysis, you need to understand at least car modules or elements in
which there were breakdowns. This will play a big role in choosing a car for different operating conditions. For
example, if there are many breakdowns in chassis, then this car should not be purchased, given that the roads in
Ukraine are much worse than in Europe and there will be even more breakdowns.

Taking into account the cost of repairing breakdowns in our system is very important, because there are car
models with quite high reliability rating, but the cost of spare parts is higher than in others, sometimes even several
times.

Mathematical statistics proves that with multiple repetition of random events, the accuracy of estimation of
statistic parameters of the research data increases. Thus, it is possible to receive rather small error with a sufficiently
large number of random events.

Results of the research and design of the information system

The analysis of functional requirements revealed the following database entities, which will provide
realization of a software complex of system.

Fig. 7 shows a class diagram of the system.

Settings Cache AdminUser CarManufacturers CarModels
#name fkey #username #name . =Jl#name
# # A
xlil\:g\yue frae ﬁg:;sgmd +models() +manufacturer()
- Havatar +getRankings()

Report ReportAverage Order

#name ReportValues #manufacturer_id #system_id

Hyear #report_id #model_id #manufacturer_id

Hrange #manufacturer_id #Hyear #model_id

Hfault_avg <——_ | #model_id #value Hyear

#sort_order #value #kilometers

#status #kilometers 1m§gglfgclurer[) #total G——\_K\\ System

~values() #sort_order #date Zname
+manufaturer() +services() Hext
+model() +manufacturer()

+model()

/ +system()
Category Service

Ecategory_id OrderService
+descriptions() ) #order_id
+description() +getServicesByBrand() #service id
+senvices() +countAllServices() ﬂlpr\ce -
+getTopServices() i

+getTopExpenciveServices()

1

CategoryDescription ServiceDescription
#category_id
| #
#language_cotde &lsfnrgllf:f 5 d
#name rame
#name
+category() +service()

Fig. 7. Class diagram

For the convenience of analysis and display of results, we made interval grouping of data by time parameter
as follows: 2-3, 4-5, 6-7, 8-9 and 10-11 years old for each rating. The functionality for creating reliability ratings is
accessed to administrator of the system.

Since the number of services in the database is unlimited and can reach millions, the ratings will be stored
in separate tables of the database. Reliability indicators do not change cardinally every day and the information does
not need frequent updating, it is enough to update the data every month or quarter.

The algorithm processes the information for each car, taking into account the parameters of the minimum
number of services and the maximum number of cars in the rating. Then it selects services that fit the criteria of the
rating, calculates the percentage of breakdowns, average mileage, sorts by percentage of breakdowns and saves the
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results into the database. The old data, if available, are deleted. Administrator receives a notification about the
successful rating generation and then after verification the rating is opened for public access (Fig. 8).

Iterate each
manufacturer model

Get ordered

services Sort data

!

Save resultin DB

!

Notification about
successful update

Calculations

W

End

Fig. 8. Flowchart of the rating algorithm

The system can update ratings, either individually or all together within the year.

The reports of an average service cost work the same as ratings. The system generates them automatically,
stores them separately in the database, and notifies the administrator about updates through the session.

For the user convenience, the system can compare cars by the reliability rating and the cost of services.
Such comparisons are based on already formed and calculated data.

The structure of the user interface. A rating is formed by 5 age categories every year: 2-3, 4-5, 6-7, 8-9
and 10-11 years old. This gradation allows us to analyze in detail each car model of different years of production,
body models, restyling, etc. (Fig. 9).

Report year 2020:
Age of vehicles, years old: 2-3, 4-5, 67, 8-

o
—
(=]
—
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3.

Report year 2019:
Age of vehicles, years old: 2-3, 4-5, 6-7, 8-9, 1

=]
M
—

Report year 2018:
Age of vehicles, years old: 2-3, 4-5, 67, 8-

=]
—

0-1

3 AVTLL

—

t

Report year 2017:
Age of vehicles, years old: 2-3, 4-5, 6-7, 8-9, 10-11
Fig. 9. List of reliability ratings

By selecting the reliability rating, the user gets the rating page of the selected year, which provides a list of
cars sorted by reliability rating. In addition, the list provides information on the % of breakdowns and average
mileage of the certain car model, which also plays an important role in the assessment and significantly affects the
reliability of the car, as well as helps to assess for example whether this car is popular among taxis (Fig. 10).

38 MDKHAPOJHUI HAYKOBUI K YPHAJT .
«KOMIT’"IOTEPHI CUCTEMH TA IHOOPMAIIWMHI TEXHOJIOI'T», 2021, Ne 1



INTERNATIONAL SCIENTIFIC JOURNAL
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

Car raliability ranking in 2017

Age of vehicles 4-5 years old

breakdown

Rank Brand and model S Mileage, km
1 Volkswagen T2 12.2% 71600
2 Audi A6 13.0% 75200
3 Volkswagen Touran 14.2% 54800
4 Volkswagen T6 14.3% 83800
5 Volkswagen Tiguan 14.5% 55100
6 Audi Al 14.6% 64000

Fig. 10. Reliability rating page

By selecting a specific car, the user gets the page with information about the car where the schedule is
provided. User can select years of release of this model and compare them on the schedule.

Audi A6

2017 Rellability ranking
2016

2015

2014 o
2013 4 g

2012

2011

2010 e

2009
2008
2007

Ranking place

2005
2004
2003
2002
2001
2000
1999

Fig. 11. Reliability comparison graph of different year of production

On the graph (Fig. 11), we can analyze in detail the dynamics of change of the ranking position depending
on car age. For instance, the model of 2013 year proved to be quite worthy in terms of reliability and for 6-7 years is
consistently ranked 11th in the ranking. The 2011 model initially took 13th place, but eventually rose to 10th place,
then dropped to 13th again, which is also a good result. However, the car of 2012 year of production maintains the
same position for 6-7 years. Moreover, it ranks 2nd place. Therefore, we can say that this model is the most reliable
car, which definitely makes it the best option for purchase.

Considering other years of production, we assume some factors made the newer model the most reliable.
Among them are the model range of cars change, the model restyling, technical changes and refinements of the 2011
model.

Another type of comparison is grid view, where the user can compare the selected car model with another
(Fig. 12).

Audi A6
]
Model ranking
To compare
Audi A6 with
Report year g :
A Preakad t Ranking Audi 2
verage brea. own percentage
8 L g breakdown percentage A8 v
OK
20202-3 y.0. £2017 48 7
38.7% 35.5% - 14400 km 22.8% - 17000 km
201923 y.0. +2016 23 2
3349 22.79% - 25100 km 14.3% - 31100 km
20204-5 y.0. +2015 34 40
37.8% 29.5% - 37800 km 32% - 43200 km
20182-3 y.0. +2015 33 3
32.9% 24.4% - 34500 km 15.6% - 44900 km
Fig. 12. Comparison of Audi A6 and Audi A8 models
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A comparison of models Audi A6 and Toyota Camry of 2015-2020 years of production is presented in
Figure 13.

Average cost of car servicing
TO COMPARE WITH |
Toyota ¥ Camry il
Manufacturing year: from 2015 to |20z

0K

Categories and services Cost

Car service maintenance

Change oil in engine 19230 UAH 13150 UAH
Computer diagnostics 12240 UAH 12990 UAH
Engine air filter replacement 12670 UAH 12100 UAH
Change oil in transmission 11870 UAH 13530 UAH
Coolant replacement 13980 UAH 11970 UAH
Timing belt replacement 12530 UAH 13570 UAH
Drive belt replacement 9560 UAH 11490 UAH
Set of timing belt with rollers and water pump replacement 15710 UAH 12810 UAH
Drive rollers replacement 11290 UAH 12830 UAH
Engine flushing 15960 UAH 12680 UAH

Fig. 13. Price comparison for Audi A6 and Toyota Camry models

Comparing service prices, there is no obvious advantage. This makes these cars very close competitors. We
assume that the only difference is that the average mileage of the Toyota Camry is slightly higher than the one of the
Audi A6 and therefore reliability rating is a slightly lower.

The general statistics block is placed on the main page (Fig. 14). It displays the overall rating of
breakdowns by car manufacturers, the most popular services, the most expensive services and the most often
serviced car brands.

General reliability ranking by car brand The most popular services

vices The most popular car brands

»

Fig. 14. General statistics on the main page of the admin panel

The updates of the ratings are made in the background. Once the rating is updated, an admin receives the

corresponding notification displayed on any page of the panel.
o R [+ QISR = - |

D= Name = Year = Average Year = Interval = Status & Rank © Options
1 Reliability ranking 2020 2017 23

Ll Main
2 Reliability ranking 2020 2015 45

& Brand
3 Reliability mnking 2020 2013 &7

& Model
4 Reliability ranking 2019 2012 &7

B Categories

5 Reliability ranking 2019 2016 23

Fig. 15. Notification of successful rating update in the admin panel

The rating of the average cost of services works on the same principle in the background, but there all
models of cars are updated at once.
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Conclusions

This paper proposes a modified approach for choosing a reliable car. The approach consider analyzing the
ordered services in car service shops in Ukraine. Data analysis is used in the software product, where car reliability
ratings and reports on the average cost of services are formed.

A system of car reliability analysis is designed within Ukrainian market segment. The report system of
information in grid views and graphs is implemented. The system will help any user, official dealer, car
manufacturer or insurance company to assess a particular car, its faults, cost and maintenance problems in
conditions of Ukrainian segment.
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