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Abstract. The article presents the SmartMaintenance concept, as a basis for the
development of intelligent solutions that support exploitation activities. On the
background of the main guidelines of the SmartMaintenance concept, as well as
taking the principle of an open architecture, there was described the main compo‐
nents of a computer system supporting exploitation decision-making process. The
last part of the article is the SMOPE module, which has been developed by the
author. SMOPE complying with the requirements of the SmartMaintenance
concept, supports the realization of the exploitation decision-making process of
the selected technical network system.
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1 Introduction

Enterprises that manage network technical systems, distribute media from the source to
the recipients ensuring the required quantitative parameters (diverse needs of the recip‐
ients, in space and in time, for assumed perspective period of predicted operation of the
network), as well as the required qualitative parameters (a need to adapt and maintain
qualities of supplied media at a level exceeding the criterial) [5, 19].

Due to the specificity of the activity, network companies are often natural monopo‐
lists on the local markets, that might suggest that they are not interested in making
changes and increasing their competitiveness [9]. The companies are subject of public
control, and the price of supplied media is regulated. In order to satisfy the expectations
of the recipients, network companies are obliged to activities aimed at ensuring a reliable
supply of media, with high quality and at an acceptable. With a limited income, these
companies manage huge resources, which include networks, buildings and engineering
equipment. In conjunction with the limited funds, it causes a need for rationalization
exploitation activities.

Therefore, core activities of network companies should be rationalization of the
exploitation, which is considered in the sense of operate and maintenance. The operate
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activity is intended to ensure the organizational and economic possibilities of effective
use of all components of the technical network system, for the delivery of media to end
users with the assumed parameters of quantitative and qualitative. The maintenance
activity is intended to ensure technical possibilities for an efficient functioning and an
effective use of all components of the technical network system.

Network enterprises often take advantage of modern IT systems, which allow for
gathering the data about objects, events, and exploitation processes. The main objective
of the use of IT systems in the exploitation activities of the network companies should
be supporting the exploitation decision-making process. It requires a look at the needs
of the maintenance organization and possibilities of a computer software (including
intelligent solutions), not only in terms of the procedural realization of typical routine
work orders, but especially in the context of the analytical and decision-making require‐
ments, in the short and long term.

Therefore, later in the article, results of the research on the development of the
SmartMaintenance concept are presented. They are considered in the context of the
specificity of enterprises managing technical network systems.

2 The Assumptions of the SmartMaintenance Concept

Technical network systems are the subject of dynamic development and implementation
of innovative solutions, that also generate problems resulting from aging and the wear
processes of components of the technical network systems, and hence, there appear
exploitation events. Therefore, developed and implemented innovative and technolog‐
ically advanced solutions must take into account the exploitation activities.

The proposed concept, named by the author SmartMaintenance, includes the devel‐
opment of models, methods and tools adapted to requirements of exploiting of technical
network systems and supporting the maintenance activities. In particular, SmartMain‐
tenance is going to shape and support the realization of technical, organizational and
economic tasks, to ensure rationality of the exploitation policy, and to achieve the
intended functionality of smart technical solutions at the assumed level.

The developed concept represents a model consisting of the three task modules,
differing in the scope of the collected data and the role and share of the particular
components in the overall project. Schematic diagram of the SmartMaintenance concept
is illustrated in Fig. 1. In this regard, it should be distinguished:

1. The module of identification and description of exploitation events, which is imple‐
mented in the operate field, and includes collecting and processing data and infor‐
mation about functional features of various parts of the technical network system,
for the purpose of forming model sets of exploitation events.

2. The module of realization of maintenance tasks, which includes collecting and
processing data and information about features of maintenance works, for the
purpose of forming model sets of factors for assessment of the exploitation policy.

3. The module of realization of exploitation decision-making process, which includes
collecting and processing data and information about factors of the exploitation
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policy in the context of the defined environment features, for the purpose of selection
and assessment of the decision path.
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Fig. 1. The scheme of the developed SmartMaintenance concept

In this approach, each of the modules is a separate solution, represented in Fig. 1 by
horizontal paths. These solutions are based on the individual arrangements of models
and data structures, as well as on the ways of using them. Thus, the horizontal paths
reflect supporting selected (individual) aspects of the exploitation processes, e.g. failure
identification, workload analysis of maintenance works, assessment of the results of
enhance preventive maintenance works. The comprehensive implementation of the
exploitation decision-making process is represented, in Fig. 1, by the vertical path. This
is result of cumulative use of all modules, e.g. the assessment of the exploitation policy,
the scenario shaping the exploitation decision-making process [12].

3 Computer-Aided Under the SmartMaintenance Concept

Development of a computer supporting system, according to the proposed SmartMain‐
tenance concept, involves the use of partial solutions and their adaptation to the require‐
ments of exploitation decision-making process. This allows for carrying out tasks under
horizontal linkages (partial exploitation procedures of the decision-making process) and
the tasks carried out in a vertical linkages (procedures of the strategic exploitation deci‐
sion-making process).

The supporting way, shown schematically in Fig. 2, is logically divided into three
layers, with proposed models, methods and tools, in an orderly manner. It includes:
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1. The data layer, in this case being the data warehouse, based on the assumption of
deliberate use of existing data resources of the enterprise without any interference
and modification of IT solutions applied in the enterprise. This layer, in addition to
the functions of defining and storing structure models, makes it possible disposal of
space or data and information, to perform calculations, to store intermediate and
final results, and visualizing the effects of the analyzes and interpretations.

2. The analytical layer, including a set of algorithms for determining exploitation
measures, in order to assess the exploitation policy by the assumed model.

3. The interpretation layer, which allows for expert processing the measures, identified
in the analytics layer, with the use of environmental exploitation factors. The effect
of these is interpretation of the functioning of the technical network system in the
context of the exploitation decision-making process.
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Fig. 2. The scheme of a computer system supporting the SmartMaintenance concept

The developed way of computer-aided of the SmartMaintenance concept is
conceived as an universal platform for the realization of the exploitation decision-
making process in a flexible manner - adapted to the opportunities and requirements of
the maintenance organizations managing technical networked systems. This platform
has an open character, what is meant by:

• the lack of restrictions on the implementation of the model of data collection,
• the lack of restrictions on the implementation of analytical methods for assessing the

exploitation policy (e.g. OEE, KPI, taxonomic methods) [1, 3, 7],
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• the lack of restrictions on the implementation of intelligent interpretation solutions
(rank methods, reference methods, variants methods, scenario methods, expert
systems, neural networks) [4, 8, 18].

4 Computer-Aided Under the SmartMaintenance Concept - Case
Study

Research on the SmartMaintenance concept led to the development of computer module
named SMOPE. In the structural context, SMOPE was built in web technology, with
the use of relational database management system MySQL, PHP, as well as jQuery and
CSS libraries. In the functional context, SMOPE, launched within a web browser. It
allows for the assessment of procedural support of the exploitation decision-making
process in the scenario technique.

SMOPE is based on the assumptions of the SmartMaintenance concept (Fig. 1),
including the guidelines of the proposed computer-aided way (Fig. 2). Within the partic‐
ulars layers, there have been prepared partial solutions, which on the one hand, allow
for supporting the exploitation decision-making process, and on the other, constitute its
dedication. The further points belong to these solutions:

• the data layer: the multi-model of the technical network system,
• the analytical layer: the taxonomic model of the assessment of the exploitation policy

[11, 15, 16],
• the interpretation layer: the scenario model of the exploitation decision-making

process [12, 13].

4.1 The Multi-model of the Technical Network System

Application of the multi-model within the SMOPE module, is intended to unambiguous
identification and location of the components of the network technical system. For this
purpose, there was developed the structure of the multi-model system, based on the
concept of three subsystems, formally described by graph theory and matrix algebra.

The functional subsystem, reflects the time and spatial conditions (or their lack) of
the possibilities of achieving the final parameters (output) at known and preset input
values. This subsystem is formally represented by a set of relationships between engi‐
neering objects obj, including the linear objects oli, and it can therefore be described by
the incidence matrix:

SY =
[
syij

]
(1)

where: syij is 1, if j-th obj edge is incident with the i-th oli node, is 0, otherwise.
The structural subsystem, reflects the relationship type of parent–child, in relation

to a particular section of the system or within a specific class of similar objects - groups
of objects. This subsystem can be described by the neighborhood matrix:

ST =
[
stij

]
(2)
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where: stij is 1, if there is an edge between i-th node obi(oli), and j-th node obj(olj), is 0
otherwise.

The topological subsystem reflects the arrangement of the components (technical
objects) integrated with places their physical occurrence in the area. This subsystem can
be described by the arrays of the point and linear coordinates representing the engi‐
neering and line objects:

TP =
[
oli(obi), xpi, ypi, xki, yki, wj

]
(3)

where: oli (obi) - identifier of a linear or engineering object, xpi, ypi - initial coordinates
of a linear or engineering object, xki, yki - end coordinates of a linear or engineering
object (for engineering objects xki = yki = 0), wj - identifier of map layer, to which is
assigned an object.

Developed multi-model allows for the fragmentation of the technical network system
within the analysis and interpretation implemented in the SMOPE. Figure 3 shows an
excerpt of the analyzed technical network system, while Table 1 summarizes features
of the topological subsystem.

Fig. 3. An excerpt of the analyzed technical network system

Table 1. The arrays of the coordinates representing the engineering and line objects of the
exemplary technical network system

Object ident. Initial xpi

coordinate
Initial ypi

coordinate
End xki

coordinate
End yki

coordinate
Layer Description

02 212576,49 857153,83 0,0000 0,0000 01 Node
03 212726,78 857258,05 0,0000 0,0000 01 Node

721 212615,54 857179,66 0,0000 0,0000 02 Water hose
43157 212727,38 857257,19 0,0000 0,0000 03 Valve
43051 212576,94 857153,36 0,0000 0,0000 03 Valve
45024 212576,49 857153,83 212587,71 857142,11 05 Pipe
41322 212576,49 857153,83 212726,78 857258,05 05 Pipe
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4.2 The Taxonomic Model of the Assessment of the Exploitation Policy

The taxonomic model applied within the analytical layer of the SMOPE module includes
determination of synthetic measures and geometric distances from the pattern (the
Euclidean measure), based on a set of key features of the exploitation policy (cost, time,
quantity of maintenance works) for selected categories of the maintenance works
(inspections, maintenances, repairs, overhauls). The taxonomic model can be described
using the formulas [15, 16]:

di0 =

√∑m

j=1

(
zij − z0j

)2 (4)

si = 1 −
di0√

1
n
⋅

∑n

i=1

(
di0 − d0

)2 (5)

where: di0 - the measure of the geometric distances from the pattern, si - the synthetic
measure, zij - the normalized feature.

The taxonomic way of modeling has been described in detail [13]. It constitutes the
subject of assessing the contribution of the works of specified categories within the
exploitation policy, and it is the basis for the interpretation of the exploitation decision-
making process.

Figure 4 shows the screen of the SMOPE module with numerical and graphical
visualization of the calculation results of the taxonomic measures for the exploitation
policy of the analyzed network technical system, realized in 2013.

Fig. 4. Sample screen of the SMOPE module with visualization of the taxonomic assessment of
the exploitation policy of the analyzed technical network system
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4.3 The Scenario Model of the Exploitation Decision-Making Process

Interpretation of the exploitation policy should be carried out into consideration of the
environment circumstances of the exploited technical network system [2, 17]. Therefore,
a key aspect of the SmartMaintenance concept is a collection of pattern models, which
can represent a specific reference level. For this purpose, within the SMOPE module,
there are applied scenario models, according to the La Prospective methodology [6].
This allows for the interpretation of the exploitation decision-making process, in the
environment of future variants, represented by different scenarios.

Fig. 5. Sample screen of the SMOPE module with scenario interpretation of the exploitation
policy of the analyzed technical network system

Figure 5 shows the screen of the SMOPE module with numerical and graphical
visualization of the comparison of the exploitation policy and the scenarios for the
development of the exploitation policy of the analyzed technical network system. The
exploitation policy as well as the scenarios are described by the taxonomic measures.
Scenario shaping the exploitation decision-making process, with the use of the SMOPE
module, enables:

1. The analytical taxonomic comparative procedure of the exploitation policy with the
scenario models.

2. The assessment of the similarity (convergence) of the exploitation policy with the
particular scenarios,

3. The assessment of the implementation of the exploitation decision-making process,
in the context of potential different future variants, represented by the scenarios.

4. Monitoring of the exploitation policy, consisting of cyclic assessment of the exploi‐
tation policy based on the developed taxonomic models, and then interpreting the
statement in successive, predefined, time points [10] (this allows for continuous
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assessment of the direction and level of changes in the degree of similarity (conver‐
gence) exploitation policies to individual scenarios. This, in turn, can correct the
assumptions and guidelines for exploitation decision-making process.

5. Simulation assessment of changes in the exploitation decision-making process,
consisting in the analysis and interpretation of the impact of the modification of the
features in change of the level of similarity (convergence) of the exploitation policy
with individual scenarios.

5 Conclusions

Presented in this paper, key aspects of exploitation of technical network systems, justify
the need to optimize exploitation processes in the context of rational decisions. The
solution proposed by the author, methodologically housed within the SmartMaintenance
concept. This enabled the development of computer system, supporting rational exploi‐
tation decisions. The methodology of scenario development of the exploitation decision-
making process, as the basis for the implementation of the SmartMaintenance and
supporting with the SMOPE was presented in detail in [14].

The test results of the SMOPE module, based on exploitation data of the analyzed
technical network systems, confirmed the possibility, desirability and reasonableness of
applying the tools of the analytical and expert class, for the needs of supporting exploi‐
tation decision-making process in the long term, according to the developed method‐
ology. The SmartMaintenance concept, having an open specificity, can form the basis
for the development and implementation of innovative and intelligent support solutions.
Further author’s research focus on the development and adaptation solutions, in the
SMOPE environment, based on knowledge engineering, including:

• rule-based expert systems, for the needs of interpretation of exploitation decision-
making in the short term,

• artificial neural networks, for the needs of quantitative interpretation of development
scenarios for exploitation decision-making process in the long term.
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