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Abstract 

 
The main subject of this paper is the analysis of possibility of fuzzy logic elements implementation in the field of 

systems operation evaluation. 
The analysis considers complex systems exploitation process. The process is evaluated on a base of the system 

features values. The changes of system features values describe the quality of system operators’ activity, technical 
objects and surrounding environment influence. The quality of system operation is the function of exploitation process 
safety, efficiency and reliability. The evaluation and assurance of required quality of system operation is the main 
factor in exploitation process. 

On the base of created complex method of systems operation evaluation the fuzzy model was built. The sharp 
values of system features are the input parameters of the model. In this model the range of analyzed system features 
was partitioned by fuzzy digits. In the paper the fuzzy representation of system features was presented. The 
multidimensional and model vector of system operation quality is also described. The highest system operation quality 
presents the case when these spaces have not empty intersection set. The lower quality is when spaces are tangential. 
The lowest quality is when the spaces have empty intersection set.  

The pattern of systems operation quality and their current evaluation in the moment t is calculated on the base of 
the points in n-dimensional space. The position of the spaces is described by the rages of systems features values. The 
features are the functions of the time. To model all these situations in the paper the evaluation of system operation 
quality is interpreted as multi objective analysis problem soled by fuzzy sets theory implementation. 
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1. The method of the system operation quality 
 

On the basis of the literatury analysis and the curried out studies the quality of system 
operation was defined as a set of the system features, expressed by their number values in the 
given moment of time t, which determines the level of the formulated requirements fulfilment [9]. 

To assess the system operation quality the external observer OZ identifies the object of the 
studies and on the basis of that determines the set of the features X={ X1,X2,…,Xi}. The set 
describes the system from the operation quality point of view. The observer, on the basis of 
received results, determines the domain and the minimum and maximum values of the feature. 
Next the set of the criteria Ki ni ,1= , is established. The set of the criteria includes the sub-criteria 
kij rj ,1=  which includes the factors of the features assessment important in the given moment t, 

. At the end the rates of the features values are determined and the level of the criteria 
fulfilment is checked.  

),( 0 kttt ∈

The criterion is defined as a one from the important conditions applied to the features value 
determining the quality of the analysis object in given moment t. The feature is defined as a 
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property or characteristic of the analysed object. The property is the common feature (phisical 
value) of all considered objects. The characteristic is a feature which enables to distinguish the 
objects between each other [7]. 

It should be noticed that the set of the features consists of the measurable and not measurable 
features. Not measuable features couldn’t be measured because of the technical problems or the 
lack of the expert knowleage.  

For each measurable feature XMi, (i=1,2,...,n) it is necessary to specify the maximum and the 
minimum values , . They deternime the correct (desired) quality of the system operation. 
Similarly, for each not measurable feature XNj, (j=1,2,...,m) it is necessary to establish the 
conditions of the correct system operation. The conditions are defined to enable the assessment the 
feature value. To do it, for each not measurable feature, the values from 0 to m are assigned. So, 
the condition of the correct system operation in given moment t, t ∈ [t0, tk] could be expressed in 
the following form: 
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The formula means that in given moment t the quality of the system operation is on the acceptable 
level only when the values of the measurable features are between defined extreme values and not 
measurable features values fulfil the defined conditions of the correct system operation. 
 
2. Fuzzy representation of the system features values 

 
The set of the system features can be divided into two groups. The first group consists of the 

features described in form of continuous measured values. The second one consists of the features 
assessed in the digital way. To combain both types of the features in one coherent assessment 
system the fuzzy modelling could be implemented [4]. In case of the measured features the value 
is determined with the accuracy of the measure device [8]. So it is not possible to specify the value 
precisely. It is only possible to determine the interval which covers the value: 

 

))(,)()( upupo tXtXtX δδ +−∈          (2) 

where: 
)(tXo  - calculated value of the feature, 

   - measured value of the feature, )(tX p

 uδ   - accuracy of the measure device. 
Additionally in case of the indirect measurements the value is burden with the inaccuracy of the 

calculation method. Because of that it is necessary to consider the interval of the tolerance of the 
value. During the studies the interval of tolerance is expessed in form of fuzzy set. 

In case of the measurements with the insensivity zone the tolerance interval was model by the 
Π  type fuzzy set. 
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where: 
 – member function of Π type fuzzy set, )(xFSΠ

  – the lowest value of the fuzzy set kernel, lrk
  – the lowest value of the fuzzy set support, lrs
  – the biggest value of the fuzzy set kernel, rrk
  – the biggest value of the fuzzy set support. rrs
 

In the remaining cases the tolerance interval was modeled in form of the Λ type fuzzy set [3]: 
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where: 
  - member function of Λ type fuzzy set, )(xFSΛ

  – the lowest value of the fuzzy set kernel, lrk
  – the lowest value of the fuzzy set support, lrs
  – the biggest value of the fuzzy set support. rrs

As a modal value of the fuzzy set the measured value was admitted. The support of the fuzzy 
set is equal to the sharp interval of the considered tolerance.  

In case of the features enumered between the elements of the second of the mentioned above 
sets the assessment could be subjective. Additionally, the assessment is done with the 
approximation resulted from the frequency of the discretisation. The inaccuracy was modeled 
using the Λ type fuzzy sets. For the fuzzy set the criterion fulfilment level was established as the 
modal value. The extent of the fuzzy set support is equal to the distance between the discret values 
of the criterion assessment scale multiplied by two. 

 
3. Multi-objective assessment method of the system operation quality 

 
During the studies the system operation quality assessment process is considered as the multi-

objective analysis issue. For each ystem feature the criterion was formulated. The fulfilment level 
of the criteria describes the quality of the system operation. 

According to the implemented method, the domain of each criterion was defined on base of 
the criterion argument extent. The domain was divided into six intervals. The size of interval 
increases according to the geometric series as a distance from the optimum value. The quotient of 
the series equals to 2 [5]. Different types of the criteria were expressed by different functions. The 
criterion where the optimal value is the smallest one and the most important differences in level of 
criterion fulfilment are around the minimum point of the criterion domain was expressed by the 
function: 
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For the criterion described by the function (5) the function values respond to the arguments 
values determined by the formula (7),  

( ) 610
64
2PPPP ,...,,,minmaxmin =ν⋅−+=

ν

ν          (7) 

in range from 4 to 10 according to (8) 
ν−=10g             (8) 

For the criterion described by the function (6), the function values respond to the arguments 
values determined by the formula (9) and the range is described by (10) [1] 

( ) 6..,         10
64
2PPPP ,.,,minmaxmax =ν⋅−−=

ν

ν

 (9) 

ν+= 4g             (10) 

w

rion argument, 

 

od transform all the criteria to one 
dom

). The functions were scaled to 
the 

s are included in the range from 4 to 10. So, they are transformed to 
create the normal fuzzy sets: 

here:  
 ν - criterion function value, 
 Pmax - maximum value of the criterion argument, 
 Pmin - minimum value of the crite
 Pν - the argument of the criterion, 

g - fulfilment level of the criterion. 
As it was mentioned above the method enables to create the coherent assessment system that 

take into consideration both types of the features. It could be also noticed that the features of the 
system could be defined in different domains. Described meth

ain. Thanks to it the total assessment could be calculated. 
During the studies it was recognized that because of the fuzzy characteristic of the system 

features it is not possible to establish the accurate level of the criteria fulfilment. To do it possible 
the fuzzy extension of the method was developed. The extension describes each criterion by the 
fuzzy set where the member function determines the criterion fulfilment level. The domain of the 
criterion is equal to the fuzzy set support. The member functions for the criteria were appointed as 
a linear interpolation of the points described by the formulas (5-10

fuzzy set domain by the fuzzy set division into 64 equal parts. 
The values of the function

1)(sup =iFS Xμ            (11) 

here: 
 

 
n 

quality assessment process taking into consideration the inaccuracy of the system feature values. 

. Graphic interpretation of the system operation quality assessment 
 

r time t crea

w
 )X( iFSμ  - member function for system feature no. i. 

To do it the values of the function were divided by 10.  
Thanks to described method implementation it is possible to carry out the system operatio

 
 
4

The quality of the system operation estimated on the basis of the features significant in the 
time t, >∈< k0 t,tt  could be described using so called Multidimensional Quality Vector. The set of 
the features creates the p - dimensional assessment space. The values of the features determined 
fo tes the point M’. The coordinates of the point are expressed by the vector 
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[ '
)t(x

'
)t(x

'
)t(x p21

k,...,k,k ]. In the mu ensional space the point is the end of the vector ltidim WWJ . The 
vector begins in the point [ 0,...,0,0 ] (Fig. 1.). It describes the quality of the system operation in 
time t. Similarly, the desired values o s construct the M point. The coordinates of the 
point M are expressed by the vector [

p21 xxx k,...,k,k ]. So in the assessment space the Model Quality 
Vector 

f the feature

KWJ could be defined. The vector starts in the point [ 0,...,0,0 ] and ends in the point  ThM. e 
distance between the en ted as ds of the vectors is interpre a quality of the system operation ΔK .  

   WWJKWJΔK −=            (12) 

The wear factors change the values of the system features. So, the values of the features 
change in time. It could be observed as an M’ point motion in period of time It means that the 
quality of system operation changes in time because the 

∆t. 
ents of compon WWJ vector change on 

ensional space in time period (t+∆t) [9]. 
 

each axis in p-dim

M’’’
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KWJ '
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''WWJ

X1 
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t3
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X3 

X2 

WWJ

t  

Fig. 1. Graphic interpretation of KΔ  vector in R3  space. 
 
The multidimensional and the model quality vectors are defined on the basis of the system 

features. The sharp real and the optimal values of the features determine the position of the ends 
of the quality vectors. In case of fuzzy interpretation of the features values the situation changes. 
The value of each feature is expressed by the fuzzy set defined in different domain.  
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here: 
 e no. i, 

 

w
i  - fuzzy value of the featurFS

 - i feature of the system, iX
 

iFSμ  - member function of the fuzzy set no. i. 

In such situation the ends of the multidimensional and the model quality vectors are the results 
of the relation of the p-dimensional extension of the flat fuzzy sets [2]. It could be expressed by the 
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formula (14). The result of the relation constructs the area in multidimensional space. The shape of 
the area depends on used T-norm operator. The minimum and the algebraic multiplication 
operators are proposed as the optimal ones. 

)X,,X,X(|)X()XXX;FS(ce

)X,,X,X(|)X()XXX;FS(ce

)X,,X,X(|)X()XXX;FS(ce

n21
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where:  
- n-dimensional extension of the fuzzy set no i . 

 

, it is necessary to define the p-dimensional method of estimation of 
syst

separated ones. But it is necessary to 
deve

sed. In case of separated areas the quality value is proportional to distance between the fuzzy 
sets. 

. The features weights values estimation on base of the AHP method  
 

atures weights are calculated according to the AHP method 
(An

ethod compares the features between each other. It could be expressed using the matrix 
notation:  
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The values of the features importance creates the seven level system presented in the table: 
 

Tab. 1. Relative preferences scale used to compare the features 
 

ison of a variant to b riant in Number value 

);( 21 ni XXXFSce ××× L

The fuzzy sets implementation implicates the transformation of model and real quality vectors 
to p-dimensional areas. So

em operation quality.  
Looking at the graphical form of the method it is possible to distinguish three cases of relative 

location of real system quality and model system quality areas. These areas could overlap each 
other, could be contiguous or separated. Obviously the biggest quality value is represented by 
overlapping areas and in decreasing order contiguous and 

lop the method of solutions ordering within each case.  
In case of overlapping areas the method based on the size of the intersection volume was 

propo

 
5

The values of the system fe
alytic Hierarchy Process) [6]. 
The m

⎥
⎥
⎥
⎥

⎦⎣ 0000

Compar
variant 

Preference of a va
relation to b variant 

a is much more significant than b e of a Strong preferenc 6 
a is more significant than b Preference of a 4 
a is little more significant than b a Weak preference of 2 
a is as significant as b No preference 0 
a is little less significant than b  of b Weak preference -2 
a is less significant than b Preference of b -4 
a much less significant than b Strong preference of b -6 
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The values of the weights are calculated according to the formula (16): 

∑
=
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           (16) 

here: 
q  ce the feature no. wj, in relation to the feature no. k, 

 

 the digit is equal to the sharp value of the weight. It results the 
asimmetric fuzzy digits creation: 

w
 k - the value of the preferenwj

  amount of the features, wn -
wjw - the value of weight for wj feature. 

Calculated values could be imprecise because of the discret and subjective characteristic of the 
method. It was taken into consideration by the fuzzy digits implemetation. Each value is expressed 
as the fuzzy triangular digit. The extent of fuzzy digit support is equal to 10% of the rage of the 
weight value. The modal value of
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ere: 
ight fuzzy set, 

– the biggest value of the fuzzy set support. 

experiment is carried out to 
thod and to create the base for the method modification. 

icznych, ITeE, Radom-

[5] Piegat, S., Modelowanie i sterowanie rozmyte. Exit, Warszawa 1999 

wh
  )(x  –  member function of wj feature wew FS

wj

   – the lowest value of the fuzzy set kernel, lrk
   – the lowest value of the fuzzy set support, lrs

rrs    

6. Summary 

  In the paper the theoretical bases of the fuzzy logic implementation in the area of the systems 
operation quality assessment were presented. The propositions of the fuzzy interpretation of the 
considered issues should be treated as a support tools in the process of the system operation quality 
assessment. The way of the interpretations and the usefulness of them should be verified on the 
basis of the exploitation experiments carried out in the real systems. Currently the proposed 
methods are implemented in case of complex transport system. The 
verify the me
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