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Abstract

Electronic systems work in different conditions of exploitation. Because of specific nature of their application
(such as transport for example), they should be characterized by a high level of coefficient of the readiness. When
carrying out a proper reliability analysis of systems can be determined such reliability structures, which will be
characterized by the appropriate values of rates of reliability. Such an approach provides to improvement of the
reliability of the designed systems. However not to the full extent, it is not possible to achieve the system's readiness at
the appropriately high level to the full extent. The paper presents a methodology to optimize the process of
exploitation these systems, taking into account economic conditions, such as of financial expenses designed on
periodical reviews and the effectiveness of their use. There is presented the dependence that maximizes the value
of the coefficient of the readiness in the defined reliability (failures rate), exploitation (intensity of repairs, intensity of
maintenance service) and economic conditions (financial outlays earmarked for periodic inspections).
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1. Introduction

The issue of the rational realization of the process of exploitation of electronic devices used in
transport is a significant problem [2, 14]. This is due to the need to ensure continuity of operation
of these devices. It is possible by obtaining appropriate indicators of exploitation and reliability.
With this range were already established a number of important studies [3, 6, 8, 23], which are
known in the scientific community. They cover both issues related to the reliability [7] and
exploitation. When carrying out a proper reliability analysis of systems can be determined such
reliability structures, which will be characterized by the appropriate values of rates of reliability.
This applies to both systems, taken as a whole [4, 13, 15, 17], as well as only the selected
subsystems (e.g. the power supply [10, 12, 16, 20] or subsystems of transmission of information
[5, 9, 19, 21, 22]). Such an approach provides to improvement of the reliability of the designed
systems. However not to the full extent, it is not possible to achieve the system's readiness at the
appropriately high level to the full extent. Therefore, it is necessary to make the exploitation
analyse, taking into account the operational properties of the selected operating systems
(e.g. failure rate, intensity of check-ups [1], financial outlays earmarked for inspections) [11, 18].
The article presents an analysis of the exploitation process of transport telematics systems, in
which were used four generic periodic inspections.

2. Four-state exploitation strategy of maximize of the coefficient of the readiness

Generally, coefficient of readiness can be written:
T
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where:
Tm — mean correct operation time between failures,
Tn — mean time to repair.
The given relationship shows that the system can be in one of two state (Fig. 1):
— usage state (So),
- repair state (S1).

n

Fig. 1. Graph showing switching between usage and repair states, Denotations in figures: A — failure rate, u —
repair rate

The chart of transitions presented in Fig. 1 does not include all possible and actually occurring
states (assuming four types of periodic check-ups). Therefore, it should be supplemented by the
following four states (Fig. 2):

— state Soor (during which those actions are performed that are required by the scope of 1% type
check-up),

— state Soio (during which those actions are performed that are required by the scope of 2™ type
check-up),

— state Soi1 (during which those actions are performed that are required by the scope of 3™ type
check-up),

— state Sioo (during which those actions are performed that are required by the scope of 4 type
check-up).
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Fig. 2. Chart of transitions between the state of operation, repair, check-up of 1%, 2", 3 and 4™ type,; Denotations in
figures: A — intensity of damages, y — intensity of repairs, A; — intensity of 1*' type of check-ups, p; — intensity
of I type of maintenance service, A, — intensity of 2™ type of check-ups, p; — intensity of 2" type of
maintenance service, Az — intensity of 3™ type of check-ups, u; — intensity of 3’ type of maintenance service,
Ay — intensity of 4™ type of check-ups, 1 — intensity of 4" type of maintenance service

!

For the chart of transitions presented in Fig. 2 the following equations can be derived:
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Equation (6) allows calculating the probability values of the system staying in its operational
state. It numerically corresponds to the value of the readiness coefficient.

Let us introduce a coefficient that shall make the intensity values A1, A2, A3 and A4 mutually
dependant (if one of those values increases, the other one will decrease). This coefficient is the
ratio of the transition intensity to the total of all the intensities of the check-up of 1%, 2", 37 and 4%
type. The chart of transitions as illustrated in Fig. 2 will currently take the following form (Fig. 3):
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Fig. 3. Chart of transitions between the state of operation, repair, 1*, 2", 3 and 4th type of check-up (the adjustment
coefficient is included)
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Thus carrying out the considerations as before, we can derive as follows:
o (At A+ A+ A+ Ag)- 1 - - 4 - 1y -
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The relations obtained (7) allows to determine the impact that intensities, assumed for the

performance of 1%, 2", 3™ and 4" type of check-up, have on the readiness coefficient of a given
system (with an assigned failures rate, the intensity of 1 27 3 and 4™ type of maintenance
service).

3. Optimization of four-state exploitation strategy of maximize of the coefficient of the

readiness, taking into account economic conditions

Figure 4 shows the graph of transitions between states mentioned earlier. The transitions

between states include factors:

ki — coefficient of first type of check-ups - it determines the linear relationship between the
intensity of the current review of the first type of check-ups and the optimum intensity of the
review of the first type of check-ups for which the value of coefficient of readiness is maximal,
ko — coefficient of second type of check-ups - it determines the linear relationship between the
intensity of the current review of the second type of check-ups and the optimum intensity of
the review of the second type of check-ups for which the value of coefficient of readiness is
maximal,

ks — coefficient third type of check-ups - it determines the linear relationship between the
intensity of the current review of the third type of check-ups and the optimum intensity of the
review of the third type of check-ups for which the value of coefficient of readiness is
maximal,

ks — coefficient fourth type of check-ups - it determines the linear relationship between the
intensity of the current review of the fourth type of check-ups and the optimum intensity of the
review of the fourth type of check-ups for which the value of coefficient of readiness is
maximal.
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Fig. 4. Chart of transitions between the state of operation, repair, 1%, 2™ 3 and 4" type of check-up (included

factors inspections k). Denotations in figures: k; — coefficient of the first type check-ups, k> — coefficient of the
second type check-ups, k3 — coefficient of the third type check-ups, ks — coefficient of the fourth type check-

ups
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An important issue occurring in practice is disposal by the user a limited resource funding for
periodic inspections. This requires identification of the impact of funding allocated to periodic
inspections on system coefficient of readiness. Therefore it is introduced the factor C, which will
determine the available financial resources earmarked for inspections I, II, III and IV type of
check-up. Let us assume that:

— C =4 for the optimal intensity of I, I, III and IV type of check-up (Kg = max. for 4, =4

Ay = gopm » A =4
and k,-C=1),

— C = 0 for the intensity of I, II, III and IV type of check-up equal to zero (no reviews); as in
equation (8) k, - 4 C=0,k,-4 C=0, k-4 -C=0and k, -4 -C=0).

After performing, a mathematical analysis was obtained the following relationship:
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The obtained relationship (8) allows to specify the impact of adopted to realize the intensity of
the I, II, IIT and I'V type of check-up on the coefficient of readiness of the considered system (when
known failure rate, intensity of repairs, the intensity I, II, III and IV type of maintenance service,
funding factor C).

4. Conclusion

The paper presents the method for optimising the process of exploitation of electronic systems
(assuming four-type periodic check-ups), which takes into account selected reliability (failures
rate), exploitation (intensity of repairs, intensity of maintenance service) and economic (financial
outlays earmarked for periodic inspections) properties. It allows determining the intensity of
periodic check-ups with which they should be carried out, assuming the optimisation criterion that
maximises the value of the coefficient of readiness.

In future studies of this issue, it is planned to develop an author’s computer program that would
enable the practical application of the presented considerations by decision-makers deciding about
the process of exploitation of electronic devices used for transport.

References

[1] Bukowski, L., Dabrowski, T., The basis of exploitation, part II: The basis of exploational
reliability, Military Academy of Technology, Poland 2006.

[2] Dyduch, J., Pas, J., Rosinski, A., The basic of the exploitation of transport electronic systems,
Publishing House of Radom University of Technology, Radom 2011.

[3] Epstein, B., Weissman, 1., Mathematical models for systems reliability. CRC Press / Taylor &
Francis Group 2008.

[4] Kasprzyk, Z., Delivering payment services through manual toll collection system, In the
monograph, Telematics in the transport environment, ed. Jerzy Mikulski, given as the
monographic publishing series, Communications in Computer and Information Science,
Vol. 329, pp. 6068, 2012.

265



M. Siergiejczyk, A. Rosinski

[5] Kasprzyk, Z., Rychlicki, M., Analysis of physical layer model of WLAN 802.11g data
transmission protocol in wireles networks used by telematic systems, Proceedings of the Ninth
International Conference Dependability and Complex Systems DepCoS-RELCOMEX, given
as the monographic publishing series Advances in intelligent systems and computing,
Vol. 286, pp. 265-274, 2014.

[6] Kotowrocki, K., Soszynska-Budny, J., Reliability and safety of complex technical systems and
processes, Springer, 2011.

[7] Laskowski, D., Lubkowski, P., Pawlak, E., Stanczyk, P., Anthropotechnical systems
reliability, In the monograph Safety and Reliability: Methodology and Applications —
Proceedings of the European Safety and Reliability Conference ESREL 2014,
ed. Nowakowski, T., Mtynczak, M., Jodejko-Pietruczuk, A., Werbinska-Wojciechowska, S.,
CRC Press, Balkema, pp. 399-407, London 2015.

[8] Nowakowski, T., Problems of reliability modelling of multiple-phased systems, Maintenance
and Reliability, Is. 4, pp. 79-84, 2011.

[9] Perlicki, K., Impact of an alien wavelength on wavelength division multiplexing transmission
quality, Photonics Letters of Poland, Vol. 4, No. 3, pp. 118-120, 2012.

[10] Rosinski, A., Dabrowski, T., Modelling reliability of uninterruptible power supply units,
Maintenance and Reliability, Vol. 15, No. 4, pp. 409-413, 2013.

[11] Rosinski, A., Rationalisation of the maintenance process of transport telematics system
comprising two types of periodic inspections, Proceedings of the Twenty-Third International
Conference on Systems Engineering, given as the monographic publishing series Advances in
intelligent systems and computing, Vol. 1089, pp. 663-668, Springer, 2015.

[12] Rosinski, A., Reliability-exploitation analysis of power supply in transport telematics system,
In the monograph Safety and Reliability: Methodology and Applications, Proceedings of the
European Safety and Reliability Conference ESREL 2014, ed. Nowakowski, T., Mlynczak, M.,
Jodejko-Pietruczuk, A., Werbinska-Wojciechowska, S., CRC Press/Balkema, pp. 343-347,
2015.

[13] Siergiejczyk, M., Krzykowska, K., Rosinski, A., Reliability assessment of cooperation and
replacement of surveillance systems in air traffic, Proceedings of the Ninth International
Conference Dependability and Complex Systems DepCoS-RELCOMEX, given as the
monographic publishing series, Advances in intelligent systems and computing, Vol. 286,
pp. 403-411, Springer 2014.

[14] Siergiejczyk, M., Operational effectiveness of transport telematic systems, Scientific papers
of Warsaw University of Technology, Transport, No. 67, 2009.

[15] Siergiejczyk, M., Pas, J., Rosinski, A., Evaluation of safety of highway CCTV system's
maintenance process, In the monograph Telematics — support for transport, ed. Mikulski, J.,
given as the monographic publishing series Communications in Computer and Information
Science, Vol. 471, pp. 69-79, Springer-Verlag, 2014.

[16] Siergiejczyk, M., Rosinski, A., Analysis of power supply maintenance in transport telematics
system, Solid State Phenomena, Vol. 210, pp. 14-19, 2014.

[17] Siergiejczyk, M., Rosinski, A., Krzykowska, K., Reliability assessment of supporting satellite
system EGNOS, In the monograph New results in dependability and computer systems, given
as the monographic publishing series, Advances in intelligent and soft computing, Vol. 224,
pp. 353-364, Springer, 2013.

[18] Siergiejczyk, M., Rosinski, A., Optimisation of transport telematics electronic systems
operational process, Polish Journal Of Environmental Studies, Vol. 20, No. 5A, pp. 138-141,
2011.

[19] Siergiejczyk, M., Rosinski, A., Reliability analysis of electronic protection systems using
optical links, Proceedings Dependable Computer Systems, given as the monographic
publishing series, Advances in intelligent and soft computing, Vol. 97, pp. 193-203, Springer-
Verlag, 2011.

266



Four-State Exploitation Strategies of Maximize of the Coefficient of the Readiness with the Regard of...

[20] Siergiejczyk, M., Rosinski, A., Reliability analysis of power supply systems for devices used
in transport telematic systems, The monograph Modern Transport Telematics, given as the
monographic publishing series, Communications in Computer and Information Science,
Vol. 239, pp. 314-319, Springer-Verlag, 2011.

[21] Stawowy, M., Comparison of uncertainty models of impact of teleinformation devices
reliability on information quality, Proceedings of the European Safety and Reliability
Conference ESREL 2014, pp. 2329-2333, CRC Press/Balkema, 2015.

[22] Sumila, M., Selected aspects of message transmission management in ITS systems. In the
monograph Telematics in the transport environment, ed. Jerzy Mikulski, given as the
monographic publishing series, Communications in Computer and Information Science,
Vol. 329, pp. 141-147, Springer-Verlag, 2012.

[23] Verma, A. K., Ajit, S., Karanki, D. R., Reliability and safety engineering, Springer, 2010.

267








