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The paper presents the methodology of grouping and processing of the data
related to the motor vehicles’ breakdowns in the observed sample. In order to
perform statistical research with possible motor vehicle behaviour prediction,
it is needed to have perennial tracking of selected population features. Using
a non-parametric statistical Kolmogorov-Smirnov test, it is possible to
identify the distribution affinity of particularly selected vehicle features in
terms of breakdowns phenomena. By the introduction of advanced
polynomials computation, it is possible to determine the function for
prediction of certain vehicle breakdowns in the vehicle maintenance system.
The results of the application of the function for prediction of certain vehicle
breakdowns in the observed sample of motor vehicles allow monitoring of the
behaviour of certain vehicle breakdowns. By the introduction of polynomials
concentration, it is possible to overcome the problem of handling with
generative polynomial functions with a high degree.
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1. INTRODUCTION

The behaviour of any system usually depends on several
variables and so is given by one or several functions of
one variable. These functions, in turn, provided they are
sufficiently continuous [1], can be approximated by
polynomials within some range and within some
accuracy. As an example, the planning of car
malfunction may be given by several polynomials
featuring the behaviour of particularly selected features
of vehicle systems. Those features represent the
vehicle’s breakdown classes which are derived and
selected by means of the power of sophisticated data
base tools and its queries. Polynomial coefficients are
obtained by observing the subjected behaviour of the
vehicle malfunction over a longer period of time.

Prior to further application of advanced polynomial
computations, it is needed to identify whether subjected
features behave congenially in statistical sense or not.
The basic statistical analysis that should be applied
considers the testing of the statistical system hypothesis.
This is done by means of the Kolmogorov-Smirnov test.
After the respective test is carried out, the hypothesis
about the equality of the classes’ malfunction
distributions is either accepted or not.

2. DATA COLLECTING AND NEW STRATIFICATION

Data were collected and selected according to the
following rules:

« the vehicles that are travel related,

o the vehicles to which they relate were purchased
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in Serbia or Montenegro,

o the vehicles during the repairs were in a basic
warranty period,

« the vehicles are repaired in the period from 2004
to 2008.

Proved to be repaired during that time, about 16,000

vehicles with 70,000 malfunctions have been recorded.

The relevant data were recorded in the central data

base which was priory projected in order to support the
core business. The methodology of data collecting refers
to the following:

o Sampling location — in authorized workshops.

e The sort of data — damage codes including all
needed information such as affected construction
group, potential cause of malfunction, causality
of damage, etc.

e The sort of sampling — the data were collected as
they arrived, daily and depending on the type and
sort of damage. Dynamics of the sampling could
not have been predicted due to the process’s
stochastic nature. The previous sampling features
confirmed the hypothesis about the sample
without replacement.

o The difficulties in sampling — there have been
two main challenges. The first is related to the
vehicles with unknown service history and
inaccurate service data and the second is
exclusion of all works related to the service
measures and/or recall campaigns.

e The aim of data collection and processing — the
main goal is research of vehicle behaviour during
exploitation. The monitoring of failures with exact
and detailed belonging information may be used
in statistical analysis of the respective failures.

Queries on the database, which had about 70,000

records, gave only usual answers. The engineering
experts have to place the following Decision Support
System: based on the technical similarities of certain
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components of older and newer types of cars of the
same class, we can predict the behaviour of
malfunctions in totally new types of cars of the same
class that will inherit similar circuits.

Therefore, a particular class of malfunctions was
observed in this paper. We choose those classes
particularly selected by previous experience to analyze,
for example:

o the class of malfunctions related to the turbo

compressor of diesel engine, and

o the class of malfunctions related to the fuel

injection system.

The formed SQL queries in the database showed that
there is particularly a large number of malfunctions
which can be divided into two classes:

e MFI1: breakdown of diesel engines turbo

chargers, and

e MF?2: failure of high pressure fuel injectors.

One particular malfunction is determined by unique
vehicle damage code. Herewith, one singular damage
code might be related to one or more events, where the
event is considered as a particular workshop visit. The
classes MF1 and MF2 do not depend on the number of
cylinders and their arrangement. The data obtained (Table
1) are related for the 4-cylinder diesel engine case study.

Table 1. Table of malfunctions by year

Class Year Quarter
2004 I I 1 v
MF1 33 6 13 9
MF2 25 1 3 13
2005 I II 1 v
MF1 13 1 2 5 5
MF2 11 2 4 1
2006 I I 1 v
MF1 19 6 2 3
MF2 13 1 5
2007 I I 11 v
MF1 5 2 0 2
MEF2 0 0 0 0
2008 I II I v
MF1 1 0 1
MF2 2 1 1

3. TESTING THE BASIC STATISTICAL HYPOTHESIS

Distribution of the class’s malfunctions of MF1 and
MF2 is unknown. The basic statistical analysis that
should be applied considers the testing of the following
statistical system hypothesis:

Ho(F =Fy) (1)
Hi(F#F). ()

Testing the equality of the distribution of these
classes” malfunctions was carried out by the
Kolmogorov-Smirnov test. The results of testing are:

Q(0.69811) =0.2722 3)
with the probability of 0.95.
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Taking the obtained result for the function Q, the
conclusion is that there is not any reason to reject the
hypothesis of equality of distributions of Class MF1 and
MF2. Considering the importance of appropriate
selection of the time series and the effect of the relevant
sampling density on it, it is interesting that the critical
values in testing are obtained for the year 2008. The
respective diagram is given as follows (Fig. 1).

4. APPLICATION OF THE POLYNOMIAL
COMPUTATIONS TO THE RESPECTIVE
PROBLEM

If X is a discrete random variable taking values on some
subset of the non-negative integers {0, 1, ...}, then the
probability — generating functions of X is defined as [2]:

Gy () =E(t*)= )" pyt* (4)
x=0

where py is probability mass function of X. The
probability — generating functions are useful for dealing
with the functions of independent random variables. If
X1, Xz, ..., X, is some sequence of independent random
variables and [2]:

n
Y =>aX; %)
i=l

then the probability — generating function is given by
[2]:

n
2 i Xj

Gy () =Et")=Et= ) (6)

and taking the multiplicatively feature of mathematical
expectation E, we get the probability — generating
function given as:

Gy () =Gy, (t*) G, (t2)...Gx, (t™). (7))

A very important fact is that the coefficient with tYi
is the probability of event {Y = y;}, where there exist
several ways to calculate y;.

Forming an empirical distribution malfunction class
MF1 we get the probability through generating the
function of the 19™ degrees with the coefficients given
in the following table (Table 2):

Table 2. Probability — generating function of MF1 class

Degree Coef. Degree Coef.
0 0.08451 10 0.02817
1 0.18310 11 0.04225
2 0.12676 12 0.02817
3 0.07042 13 0.00000
4 0.01408 14 0.02817
5 0.02817 15 0.01408
6 0.07042 16 0.00000
7 0.07042 17 0.00000
8 0.08451 18 0.01408
9 0.11268 19 0.00000

FME Transactions



0.30 7

0.25 /\
0.20

o /NN B

= MF1

F(MF1); F(MF2)

0.10 7/ /

\ — MF2

0.00

-0.05 -

time (quarter)

Figure 1. Behaviour of MF1 and MF2 in time

Similarly, for the class of MF2 faults we get the
probability — generating function of 19 degrees with the
coefficients given in Table 3.

Table 3. Probability — generating function of MF2 class

Degree Coef. Degree Coef.
0 0.01961 10 0.09804
1 0.05882 11 0.03922
2 0.25490 12 0.00000
3 0.15686 13 0.00000
4 0.03922 14 0.00000
5 0.07843 15 0.00000
6 0.07843 16 0.01961
7 0.01961 17 0.00000
8 0.01961 18 0.01961
9 0.09804 19 0.00000

Although the technical systems of each class’s
failures, MF1 and MF2, are functionally independent,
those variables are mutually influential, which is clear
to engineering experts, but the reported malfunctions are
not considered in pairs. Therefore, we can form the
probability — generating function random variables:

Y = MF1+MF2. (8)

Variable Y observes the mutual influence of
malfunction classes on the overall slowdown of the
technical system over time. Random variable Y is a
carrier-class percentage share of malfunction that has
been formed. Also, the use of the quasi probability —
generating function is suitable, because the events at the
beginning and end, with a small probability, can be
achieved due to the nature of the observed problems.

Applying [3] and [4], referring to the product of the
polynomials, after extracting (5), (6), (7) and
multiplying:

Gy (t) = Gypp (D) Gy (1) = Cypreme2 1) (9)

we get the distribution of Y (Table 4).

Based on (8), it can be concluded that generative
polynomial function of variable Y, defining mutual
influence of the taken malfunction classes, has the
degree of 38. An example given in Table 4 shows the
volume of work that needs to be done, in order to come
to some conclusions related to the random variables
MF1 and MF2, which is interpreted in Figure 2.
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Table 4. Probability — generating function of Y = MF1 + MF2
class

Degree Coef. Degree Coef.

0 0.001657 20 0.021541
1 0.008561 21 0.013808
2 0.034797 22 0.007457
3 0.068766 23 0.007180
4 0.068766 24 0.008285
5 0.053024 25 0.006352
6 0.043634 26 0.003038
7 0.043630 27 0.004419
8 0.049434 28 0.002486
9 0.058271 29 0.001381
10 0.075946 30 0.001105
11 0.090307 31 0.000276
12 0.069594 32 0.000552
13 0.048605 33 0.000276
14 0.040597 34 0.000276
15 0.032312 35 0.000000
16 0.035073 36 0.000276
17 0.037835 37 0.000000
18 0.033416 38 0.000000
19 0.027064

One of the outcomes is that in the 3", 4™ and 5"
quarters after the beginning of the warranty period
malfunctions can be expected, which are observed in
both classes. Especially critical are the 10", 11" and 12
quarters after the beginning of the warranty period due
to both high malfunction’s probability.

The conclusion after the analysis of the resulting
probability values is that the total degree of resulting
polynomial function has much higher degree than a
particular probability — generative polynomial. Its
coefficients are formed by multiplying the probability —
generative polynomial of a particular random variable.

Based on [3] authors found much deeper result. If
one of the polynomials has a high coefficient and other
some concentration at low degrees, the product has high
coefficient. In order to challenge this situation, it is
proposed to use the concentration of polynomial
function. The general idea for introducing the
concentration and concentration factor replaces the
actual degree of the polynomial by the concentration
factor in order to obtain estimates independent of the
actual degree of the polynomial.
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Figure 2. Generative function of the malfunctions classes MF1 and MF2

Since the degree of the resulting polynomial is high,
and becomes higher over time, the aim is to reduce the
degree of polynomial function without losing respective
information it carries. This can be done by the use of
quasi probability — generating function (10). Taking the
methodology described in [3], the following basic
assumption can be made.

If pyx is probability mass function of X, where
X € {Xo, X1, ..., Xn} and X; € Ny then quasi probability —
generating functions of X are defined as:

n _ n-1
Gx (=2 Pyt or Gx () =E) =3 pyt" . (10)
i=I i=0

Here, the derived generating polynomial function
satisfies all conditions [3] about the concentration factor of
the polynomial at its total degree, where events {X=X,}
or {X=X,} can be omitted. Further calculations are to be
directed toward finding the best constant satisfying the
respective requirements [3] in order to establish a decision
rule: which pair of events is critical in the procedure of
prediction and planning of vehicle service system.

5. CONCLUSION

Using the features of the probability — generative
polynomial, it is possible to observe the influence of
independent random variables having the same
unknown distribution. The observation comes down to
analyzing the value of the resulting probability —
generative polynomial coefficients that were formed by
multiplying the probability — generative polynomial of
particular random variables. The consequence is that the
resulting probability — generative polynomial is of much
higher degree than a particular probability — generative
polynomial. The respective problem of handling huge
polynomial functions can be overcome by the use of
polynomials concentration theory.
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NOMENCLATURE

MF1 random variables of class 1 malfunction
MF2 random variables of class 2 malfunction

F1 distribution function of MF1

F2 distribution function of MF2

Q Kolmogorov-Smirnov’s probability function
G generative probability function

INPUMEHA METOJA HHAYCTPUJCKOI'
NHKXEIBEPCTBA Y AHAJIU3U YIIPAB/bAIBA
HHOHAINAIKEM OTKA3A KOJ MOTOPHUX
BO3UJIA

Jannjen beropnh, Mupjana Mucura, Iparan /I,
Mmunanosuh, /Iparan Jb. Munanosuh

Y pamy je H3MOKEHa METONOJIOTHja TpyHHcama U
o0paje nojaTaka o OTKa3uMa Ha MOTOPHHM BO3HJIMMA y
IIOCMAaTpPaHOM Y30pKy. IIpuMeHOM HemapameTapckor
tecta KonmoropoB-CmupHOB, Moryhe je ycTaHOBHUTH
JEIHAKOCT pacrojeia nM3abpaHuX BpCTa MojaBa OTKasa
MoTopHor  Bo3wia. KopumhemeM  reHepaTuBHOT
MOJNKWHOMa, MOrylie je yCTAHOBUTH yTHLAj] HE3aBHCHHX
CJIy4ajHUX BEIWYMHA KOje MMajy HEelo3HaTy pacHojiery.
[IpumeHoM npoM3BONA TOJIMHOMA Ca KOMIUIEKCHUM
koepunmjeHTiMa Moryhe je onmpemutn (YHKIHjY 3a
npensulhame onpeheHUX TIojaBa OTKa3a y OKBHUPY
CHCTEMa OfIp)KaBama BO3WIA. Pe3ynTatd mNpHUMeHe
¢ynknumje 3a npensuhame oapeheHnx mojaBa oTkaza Ha
IMOCMaTPaHOM Y30PKY MOTOpPHHX Bo3mia omoryhaBsajy
npahewme MoHalmama o7adpaHuX TIojaBa OTKa3a Ha
nocMaTpaHuM MOTOPHHUM BO3UJIMMA.

FME Transactions



