










Fig. 1. Geographic location of Scots pine seed plantations

Critical transport velocity was determined in the Petkus K-293 pneumatic
classifier, seed dimensions were determined with the use of the MWM 2325
workshop microscope (length and width) and a thickness gauge, the angle of
sliding friction was measured on a horizontal plane with an adjustable angle of
inclination equipped with a steel friction plate (GPS – Ra = 0.65 μm), and seed
weight was determined on the WAA 100/C/2 laboratory scale. All measure-
ments were performed according to the methods previously described by
KALINIEWICZ et al. (2011, 2012a) and KALINIEWICZ and POZNAŃSKI (2013).

Seeds were divided into color groups by visual examination. Seeds which
were uniformly colored on minimum 75% of their surface area were classified
as gray, brown or black. Samples that did not meet the above requirements,
including spotted seeds, were classified into the “other color” group.
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The measured parameters were used to determine the following seed
indicators:

– coefficient of static friction, based on the following general formula:

μ = tan γ (1)

– arithmetic and geometric mean diameter, aspect ratio and sphericity
index (MOHSENIN 1986):

Da =
T + W + L

(2)
3

Dg = (T · W · L)1/3 (3)

R =
W

· 100 (4)
L

Φ =
(T · W · L)1/3

· 100 (5)
L

– specific weight (KALINIEWICZ 2013):

mD =
m

(6)
Dg

– volume, based on the coefficient determined experimentally by KA-

LINIEWICZ et al. (2012b):

V = 0.487 · T · W · L (7)

– density:

ρ =
m

(8)
V

The results of measurements and calculations were processed in the
Statistica v. 10 application with the use of general statistical procedures,
including one-way analysis of variance, correlation analysis and linear re-
gression analysis (RABIEJ 2012). Statistical calculations were performed at the
significance level of 0.05.
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Results and Discussion

The parameters of the analyzed seeds are presented in Table 1. The lowest
average values of critical transport velocity, seed thickness, length and weight
were reported in batch P-20. Consequently, seeds from the above batch were
also characterized by the lowest average values of arithmetic and geometric
mean diameter, specific weight and volume. Seeds from batch P-13 were
characterized by the greatest plumpness and the highest average values of
critical transport velocity, thickness, width, weight, arithmetic and geometric
mean diameter, specific weight, volume and density. The average values of the
analyzed parameters are characteristic of Polish Scots pine seeds (CZERNIK

1983a, 1983b, WESOŁY et al. 1984, ZAŁĘSKI 1995, TYLEK 1998, BODYŁ, ZAŁĘSKI

2005, BODYŁ et al. 2007, BURACZYK 2010, KALINIEWICZ et al. 2011, 2013). In line
with the observations of OLEKSYN et al. (2001) and MOLES and WESTOBY

(2003), who examined the correlations between seed weight and local climate,
the analyzed seeds were somewhat lighter than the material originating from
South Europe (MIKOLA 1980, CASTRO 1999, CASTRO et al. 2008, SIVACIOĞLU,
AYAN 2008, CARRILLO-GAVILÁN et al. 2010, SEVIK et al. 2010, SIVACIOĞLU 2010),
but heavier than the seeds harvested in northern regions of the continent
(MIKOLA 1980, KARLSSON, ÖRLANDER 2002).

Table 1
Variations in physical properties and the calculated indicators of the analyzed batches of Scots pine

seeds in view of significant differences in the studied traits

Batch of seeds

P-13 P-20 P-24 P-31 P-38
x ± SD x ± SD x ± SD x ± SD x ± SD

Property/
/indicator

v 7.18 ± 0.47a 6.82 ± 0.39b 7.06 ± 0.49a 7.13 ± 0.46a 7.07 ± 0.42a

T 1.53 ± 0.14a 1.45 ± 0.14c 1.50 ± 0.15ab 1.48 ± 0.16bc 1.48 ± 0.12bc

W 2.57 ± 0.26a 2.50 ± 0.24ab 2.56 ± 0.24a 2.51 ± 0.23ab 2.48 ± 0.20b

L 4.53 ± 0.44a 4.19 ± 0.42c 4.54 ± 0.38a 4.37 ± 0.45b 4.25 ± 0.40c

γ 27.4 ± 3.87d 30.1 ± 4.00b 31.2 ± 3.02a 28.4 ± 2.87c 29.3 ± 3.49bc

m 7.1 ± 1.41a 6.0 ± 1.30c 6.9 ± 1.53a 6.5 ± 1.59b 6.2 ± 1.23bc

μ 0.52 ± 0.09d 0.58 ± 0.10b 0.61 ± 0.07a 0.54 ± 0.07c 0.56 ± 0.08bc

Da 2.87 ± 0.20a 2.71 ± 0.22c 2.87 ± 0.21a 2.79 ± 0.23b 2.74 ± 0.19bc

Dg 2.60 ± 0.17a 2.47 ± 0.19c 2.59 ± 0.19a 2.53 ± 0.20b 2.50 ± 0.17bc

R 57.10 ± 7.70bc 60.01 ± 6.28a 56.62 ± 4.74c 57.81 ± 5.79bc 58.80 ± 5.90ab

Φ 57.73 ± 4.31b 59.25 ± 4.13a 57.22 ± 3.35b 58.19 ± 3.94ab 58.99 ± 3.64a

mD 2.73 ± 0.40a 2.41 ± 0.35c 2.62 ± 0.42b 2.52 ± 0.43bc 2.47 ± 0.34c

V 8.70 ± 1.73a 7.50 ± 1.74c 8.61 ± 1.87a 8.03 ± 1.98b 7.67 ± 1.56bc

ρ 0.83 ± 0.10a 0.81 ± 0.07ab 0.80 ± 0.06b 0.81 ± 0.07ab 0.81 ± 0.07ab

a, b, c, d – different letters in the superscript point to significant differences in the value of an property
(indicator) across seed batches
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The average values of the analyzed physical attributes were determined at:
– critical transport velocity – from 6.82 m · s–1 (P-20) to 7.18 m · s–1 (P-13),
– thickness – from 1.45 mm (P-20) to 1.53 mm (P-13),
– width – from 2.48 mm (P-38) to 2.57 mm (P-13),
– length – from 4.19 mm (P-20) to 4.54 mm (P-24),
– angle of sliding friction – from 27.4o (P-13) to 31.2o (P-24),
– weight – from 6.0 mg (P-20) to 7.1 mg (P-13).
The average values of the coefficient of sliding friction ranged from 0.52

(P-13) to 0.61 (P-24). Similar values were reported by OYELADE et al. (2005) in
African star apple seeds. The average values of arithmetic and geometric mean
diameter were determined in the range of 2.71 mm to 2.87 mm and 2.47 mm to
2.60 mm, respectively. They were somewhat higher than the values noted by
KALINIEWICZ et al. (2013) in a study of qualified and source-identified seeds. No
significant differences were reported between the remaining indicators. The
average values of the aspect ratio ranged from 56.62% (P-24) to 60.01% (P-20).
Similar results were reported by CZERNIK (1983a) and TYLEK (1998). The
average values of the sphericity index (57.22% to 59.25%) of the analyzed Scots
pine seeds were similar to those observed in wheat seeds (KALKAN, KARA 2011,
KALINIEWICZ 2013, MARKOWSKI et al. 2013), African star apple seeds (OYELADE

et al. 2005) and cocoa beans (BART-PLANGE, BARYEH 2003).
The analyzed material comprised 34.6% to 51.9% black seeds, 10.3% to

29.2% brown seeds, 7.5% to 24.5% gray seeds and 9.4% to 36.4% seeds from the
“other” color group (Fig. 2). The share of differently colored seeds varied
significantly even in material harvested from the same source. Significant
variations in seed color were also reported by ANISZEWSKA (2006) who analyzed
the influence of cone shape on seed parameters. The share of gray seeds in the

Fig. 2. Percent share of differently colored Scots pine seeds
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Fig. 3. Significance of differences between physical properties of Scots pine seeds: a, b – different
letters indicate significant differences in the value of an property across the analyzed color groups

analyzed material was similar to that noted in Turkish seeds by SEVIK et al.
(2010).

The physical attributes and the indices calculated for seeds from different
color groups are compared in Figures 3 and 4. Black, brown, gray and other
seeds did not differ significantly with regard to their critical transport velocity,
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Fig. 4. Significance of differences between the calculated indicators of Scots pine seeds: a, b – different
letters indicate significant differences in the value of an indicator across the analyzed color groups
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thickness, width, angle of sliding friction, weight, coefficient of sliding friction,
arithmetic and geometric mean diameter, specific weight, volume and density.
Local differences were reported between the remaining parameters (length)
and indicators (aspect ratio and sphericity index), mainly between brown seeds
and seeds from the “other” color group. Gray seeds did not differ from the
remaining color groups.

A linear correlation analysis (Tab. 2) of selected attributes, which can be
potentially applied in separation processes, indicates that the angle of sliding
friction and seed density were least correlated, and seed weight was most
correlated with the remaining attributes in all color groups. The highest values
of the correlation coefficient were noted between seed thickness and seed
weight in all groups (from 0.751 in the “other” color group to 0.802 in gray
seeds). Seed width was also highly correlated with seed weight (average of

Table 2
Pearson’s coefficients of correlation between selected properties of Scots pine seeds

Color Property T W L γ m ρ

v 0.699 0.362 0.187 –0.222 0.591 0.122
T 1 0.548 0.325 –0.169 0.775 –0.095

Black W 1 0.369 –0.043 0.736 –0.255
L 1 0.004 0.658 –0.184
γ 1 –0.106 –0.075
m 1 0.137

v 0.594 0.344 0.205 –0.112 0.556 0.130
T 1 0.629 0.353 –0.145 0.767 –0.221

Brown W 1 0.350 –0.012 0.709 –0.277
L 1 0.066 0.657 –0.269
γ 1 –0.075 –0.080
m 1 0.109

v 0.658 0.296 0.102 –0.251 0.561 0.266
T 1 0.510 0.339 –0.163 0.802 0.046

Gray W 1 0.452 –0.112 0.692 –0.208
L 1 0.093 0.653 –0.177
γ 1 –0.170 –0.209
m 1 0.269

v 0.722 0.347 0.085 –0.162 0.547 0.060
T 1 0.513 0.254 –0.069 0.751 –0.106

Other W 1 0.303 0.166 0.730 –0.245
L 1 0.182 0.594 –0.205
γ 1 0.113 –0.066
m 1 0.147

v 0.667 0.349 0.175 –0.200 0.577 0.150
T 1 0.557 0.336 –0.166 0.779 –0.099

All W 1 0.378 –0.049 0.723 –0.249
L 1 0.028 0.657 –0.206
γ 1 –0.113 –0.094
m 1 0.154

Bold font indicates that the correlation coefficient has exceeded critical value
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Fig. 5. Correlations between the weight of Scots pine seeds and critical transport velocity, seed
thickness, width and length

0.723). It was similar to that reported in Turkish seeds (SIVACIOĞLU 2010), but
lower than that determined by BURACZYK (2010). Seed weight and seed width
were also highly correlated in Aleppo pine (MATZIRIS 1998) and Anatolian black
pine seeds (SIVACIOĞLU, AYAN 2010). Relatively strong correlations were
reported between seed thickness, critical transport velocity and width, and
between seed weight and length in all color groups.

In view of the reported results and the fact that the analyzed color groups
did not differ in their germination capacity (KALINIEWICZ et al. 2013), the
correlations between the examined traits were determined collectively for all
seeds. Significant correlations between seed weight and the remaining par-
ameters were presented on account of the documented influence of seed weight
on seed germination and seedling development in the first year of cultivation
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(MIKOLA 1980, SABOR 1984, BONFIL 1998, CASTRO 1999, SEIWA 2000, KHAN,
SHANKAR 2001, KHAN 2004, PARKER et al. 2006, SHANKAR 2006, QUERO et al.
2007, BURACZYK 2010). Linear regression equations for the analyzed Scots pine
seeds are presented in Figure 5. The highest value of the coefficient of
determination of 0.607 was noted in the equation describing the relationship
between seed weight and thickness. High values of the coefficient of determi-
nation were also reported in equations analyzing the correlations between seed
weight and seed dimensions (width and length). The above correlations were
characterized by good fit to empirical data for biological material, which
implies that they can be effectively used to plan separation processes of Scots
pine seeds. The results of the analysis can be applied to estimate the working
parameters of seed separation equipment and produce fractions with specific
seed weight. This is an important practical consideration because Scots pine
seeds are generally cleaned and sorted with the involvement of screen and
pneumatic devices and combinations thereof (ZAŁĘSKI 1995, SARNOWSKA,
WIĘSIK 1998).

For the needs of this analysis, it was assumed that Scots pine seeds
comprise light (m < 5.9 mg), medium (m = 5.9÷7.0 mg) and heavy seeds
(m > 7.0 mg). The distribution of seed fractions sorted based on seed thickness
is presented in a histogram in Figure 6. A sieve separator incorporating a mesh
screen with longitudinal openings measuring ≠ 1.4 mm can be used to separate
68% light seeds, 21.3% medium seeds and only 2.8% heavy seeds. A mesh
screen with longitudinal openings measuring ≠ 1.5 mm can be installed in the

Fig. 6. Thickness of Scots pine seeds

Zdzisław Kaliniewicz et al.270

Technical Sciences 17(3)2014



collecting bucket to separate the heaviest seed fractions. The proposed ap-
proach enables the separation of 80.2% heavy seeds, 37.1% medium seeds and
only 7% light seeds.

Conclusions

1. Seeds harvested from seed plantations are characterized by varied
proportions of differently colored material. The analyzed batches contained
mostly black seeds (25.5% to 51.9%), whereas the share of the remaining color
groups (brown, gray and other) varied from 7.5% to 36.4%.

2. Black, brown, gray and other Scots pine seeds did not differ significantly
in their physical attributes or the values of the calculated indicators. Signifi-
cant variations between color groups were noted only with regard to seed
length, aspect ratio and sphericity index. No significant differences in physical
attributes and indicators were observed between grey seeds and other color
groups.

3. The most highly correlated physical attributes of Scots pine seeds were
thickness and weight, and the least correlated traits were seed length and
angle of sliding friction (although critical values were insignificantly exceeded
in gray seeds).

4. Scots pine seeds should be sorted with the use of a sieve separator
equipped with mesh screens with longitudinal openings (sorting based on seed
thickness) and/or mesh screens with round openings (sorting based on seed
width). The above equipment effectively separates the majority of light or
heavy seeds, and it can be used to improve the separation capacity and
separation rate of seeds.
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A b s t r a c t

Today’s knowledge-based companies requires for their proper functioning to develop primers of
creativity in every branch of the organization and structure. In this study presented high the rank
problems of organization and machines of exploitation, showing the need, and possibilities of creative
activities of the crew. Operating systems are constantly improved by management methods, and
techniques of information. Operating machines are the subject of degradation supervised diagnosis
methods. Obtaining information about the state and its processing for legitimate operational
decisions is developed in many issues, being developed as new in this work. This applies to the
selection of the information for dedicated diagnostic system, modeling system of decisions, cause and
effect. Selected aspects of the issues discussed in this publication.

Introduction

The production system is purposely designed and organized and includes
systems of material, energy and information used by humans and used for
manufacturing certain products of – in order to meet the diverse needs of
consumers. Its correct functioning in the light of production computerization
and the use of flexible manufacturing systems and it is almost a revolution in
the methods of corporate management. Practice operation of increasingly
complex machinery indicates that the engineering knowledge on a par with
economic and organization is necessary in a market economy is the knowledge
engineering on a par with economic and organizational (GRIFFIN 1997, WEBBER

1996, HAMROL, MANTURA 1998, DURLIK 1995). Detection, measurement,

Correspondence: Bogdan Żółtowski, Zakład Pojazdów i Diagnostyki, Uniwersytet Technologiczno-
-Przyrodniczy, 85-796 Bydgoszcz, ul. Kaliskiego 7, e-mail: bogzol@utp.edu.pl

Technical Sciences 17(3)2014



recording and evaluation of selected information and data on the state of
a particular system (organization, management, goods quality, safety, environ-
ment, operation of machinery) is used to assess the functioning of the
organization, management and quality (product supply, safety, the environ-
ment, machines) in terms of assumed task classification. Detailed description
of such decisions in the area of testing machine degradation (suitability task)
at the stage of their operation are the methods and means of technical
diagnostics, allowing particularized (structural) assessing the state of the
system, generating a basis for further diagnostic and operational decision
(ŻÓŁTOWSKI, TYLICKI 2004, ŻÓŁTOWSKI, NIZIŃSKI 2010, ŻÓŁTOWSKI,
ŁUKASIEWICZ 2012, ŻÓŁTOWSKI et al. 2012a, 2012b, ŻÓŁTOWSKI, KWIATKOWSKI

2012, ŻÓŁTOWSKI B. 2012).
Assessment of technical machines condition using generated physical

processes do not require obtaining relevant information about the state and
the proper combination of functional parameters evaluated object with a set of
measures and assessments of output processes. The development of virtual
enables many new solutions for modeling, simulation, and processing diagnos-
tic information. Some of these opportunities informative presented in this
article, and this applies to the signal processing, optimization, statistical
results and diagnostic reasoning in decision-making supplies.

The whole creative activity involves creative thinking that allows to solve
problems, thinking creatively to provide early notice of problems and innova-
tion (product, technology, management) treated, as an idea, practice or
product – perceived as a new user (STONER 1992, ŻÓŁTOWSKI, TYLICKI 2004,
ŻÓŁTOWSKI M. 2010). Creativity, creatively and innovations in the development
of civilizations trigger the need to solve new problems: scientific, technical,
organizational and social. Creative, innovative actions – are the result of
creative activity the existing state-changing for the better. Every man has
creative ability, thinking, knowledge and skills can be taught. The whole
creative activity involves creative thinking that allows you to solve problems,
think creatively to provide early notice of problems and innovation (product,
technology, management) is considered as an idea, practice or product per-
ceived as new by users (HAMROL, MANTURA 1998, ŻÓŁTOWSKI M. 2011).
Creative design innovation in the exploitation strategy funds include: prin-
ciples of creativity, innovative service structures, the algorithm problems
innovative of enterprises, the primers of creativity in the organization and
functioning of the company in the research system operation (with criteria of
efficiency, condition assessment, safety and environment), development of
innovative assumptions a dedicated system operating company (according to
the state and tolerated failures), the development of creative quality system
operation means, organization and maintenance of the enterprise, develop-
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ment of information technology in the field of virtualization business. The end
result of the creative treatment of the above challenges is the need to develop
innovative primers effectively functioning enterprise, taking into account the
creative principle of rational and creative thinking, using virtual technology.

Innovative company based on knowledge

Decisive role in the enterprise begins to play: quality construction, manu-
facturing and maintenance of the products of machines and vehicles converted
to economic efficiency, safety of use and the risk to the environment
(ŻÓŁTOWSKI M. 2011, 2014b, 2014c, ŻÓŁTOWSKI, ŻÓŁTOWSKI 2014c).

Creativity, innovation, economic and technical economy market appoint
a number of new trends, where the main objective is „to develop innovative
creativity primers based enterprise knowledge”.

Knowledge – based economy – using product innovations, technological,
process, organization and market capabilities – defining areas of primers
creativity needs. Innovation: technology, technical, managerial, organizational
– based on information technology – gives a new economic order. Knowledge-
based economy – it’s the ability to create knowledge and to acquire information
process – as a path to economic success. This requires a willingness and ability
to make long-term social investment in skills, education, knowledge and
infrastructure. Knowledge is the most powerful engine of production, and the
organization is supporting knowledge. Changing markets, new technologies
explode, competitors multiply and products age in the „over-night”, so the
company’s success consistently create new knowledge, disseminate it quickly
transformed into new technologies and products.

Knowledge management in the enterprise include: acquisition of knowl-
edge, application of knowledge, develop knowledge and sales expertise (new
products, services, technologies). System management of exploitation is part of
the corporate management. Business management model stands – Figure 1 –
company management, data processing system and subsystems of company.

Enterprise as an open system is powered by data from the environment
(Dz). The main part of this stream feeds the processing node or nodes, and
some enter directly to the board (DZ1) and there they are machined. Transfer-
red to the processing node are also data from subsystems (Dw) and the board of
the company (data).

Creative design primers innovations concern the functioning and efficiency
of companies in the study area mainly organizational structures, and stra-
tegies for technical measures. These include mainly the principle of creativity,
innovative organizational structures and problems algorithmisation innova-
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Dz – external data, Dz1 – part of entering directly to the board of the company, PD – data processing,
SIK – system of the management information, Dw – internal data, Dwy – output data

Fig. 1. Enterprise management

tive exploitation machinery companies. In this area it is necessary to develop
primers creative organization and functioning of companies in the study of the
system exploitation, the criteria of effectiveness, assessment of safety and the
environment. This requires the development of primers dedicated exploitation
system companies – as of and tolerated damage and the development of
information technology primers for virtualization business.

The finished results should be able to develop innovative primers (detailed
procedures) effectively functioning enterprise, taking into account the creative
principle of rational and creative thinking, using virtual technology.

Starters of creativity

All known, the concept of creativity, innovation and the fact that progress
is necessarily linked to the creative thinking of the community. We also know
that every one has the making (skills) of creative thinking, but you need to use
them, and educate. There are many techniques of creative thinking. It is
believed, however, that read them and use them to solve problems is sufficient
to start with. Most of the techniques of creative thinking, brainstorming can
integrate the innovative activity of the organization. The more effective will be
the effects of the use of these systems, the better will be integrated into
knowledge there innovative thinking techniques.
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Detailed considerations of developing creativity primers mainly relate to
further technology and its exploitation strategy, in terms of economic efficiency,
maintaining an airworthy condition, ensure the safety and protection of the
environment from the technology impacts.

The tool for assessing the state of degradation, the level of safety and
environmental risks from operating machines are the methods and means of
technical diagnostics. They should be used already be at the stage of assessing
the quality of design (prototype testing) and during operation (evolution study of
state).

Correct issues use of diagnostic information to assess the state of degrada-
tion, security risks and threats to the environment are about the problems of
capturing: study the dynamics of structure, recognizing the state and the
evolution of its changes, to develop criteria for safety and environmental risks,
optimization of available solutions and practical aspects of monitoring changes
in modern strategies operation.

There is therefore a need to develop primers for creativity and research
methodology in creating dedicated exploitation strategy and conduct research
related to the development of procedures for monitoring the evolution of
changes, risk and safety, depending on the limiting factors. Scientific indications
and application solutions for the creativity of the primers are still little
recognized, important and rarely undertaken.

Take the issue of developing wizards and environmental safety assessment
in clinical state of the technical system the company due to the following
reasons:

– the need to assess the dynamic state machine which is possible through of
description and examination of the volume component of the dynamic model of
the machine being an objective measure of their burdens;

– the need to meet the requirements state that: the machine must be
designed and constructed so that the environmental risks associated with it
caused by mechanical vibration, noise and emission of harmful exhaust gas
components were limited to the lowest level taking account of technical progress
and the means at the disposal of minimize vibrations, particularly at source.

Primers creativity in this area relate mainly to study the effectiveness of
strategies for technical measures. It also includes innovative, creative research
and analysis of selected aspects of diagnosing the degradation state, with
particular emphasis on the use of modern information technology. It should be
mentioned areas of needs and possible applications developed primers specific
areas:

1. Primers creativity of innovative companies:
– an innovative company that based on knowledge,
– algorithmization problems of innovative enterprises,
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– the primers creative organization and functioning of the company.
2. Assessment of the risks of safety and the environment from the tech-

nique:
– security, technical risks, effectiveness,
– degradation of state – modeling, description and research,
– evolution of technical systems,
– tools and means of testing the state of degradation.
3. Structure of the exploitation of technical measures:
– the creative organization and management in logistics operation,
– evaluation of the effectiveness of the exploitation strategy,
– the strategy according to the state and tolerated damage,
– the development of a dedicated exploitation system,
– the quality system exploitation resources, organization and maintenance

company.
4. Means of transport:
– maintaining the suitability of means of transport,
– organization and management of maintenance,
– the virtual technology in operation of vehicles,
– information techniques in organization and management.
The result of the implementation of precisely formulated tasks should be

able to develop a methodology for the construction of primers for dedicated
creative strategies for technical measures, taking into account the proposals
for a system monitoring and evaluation of degradation in the safety and
environmental risks from the used resources and the development of virtual
tools for these tasks.

Exploitation systems are constantly being improved by management
methods and information technologies. Available commercial programs „prod-
uct life” includes a description of life and principles of machines management
state at the stages of evaluation, design and construction, manufacturing and
service. The design used: Autodesk, AutoCAD, CAD, CAE (FEM, FLUENT,
ADAMS), PDM (documents of management), CATIA, MICROSTATTION,
SOLIDWORKS, SolidEdge, INVENTOR, ANSYSS. In the preparation of
sector are: CAM, IRIS, UIC. In the description of the operation process can
take advantage of programs: ARETICS, machine CMMS, TPM, AGILITY,
MAXIMO, SUR-FBD, EUROTRONIC, TETA-CONSTELLATION,
PREKION, PLAN-9000, SYSTEM „MACHINE”, PLAN 9000 SYSTEM, SYS-
TEM REPAIR API PRO, SYSTEM IMPACT XP 217, IFS SYSTEM, SYSTEM
ISA – BPCS. Integration of product lifecycles describes – PLM, LCM, knowl-
edge management of engineering – HP, CATIA. Practical use of available plant
programs requires a primer binding creativity techniques on the tasks of the
plant (ŻÓŁTOWSKI et al. 2012a).
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Machines in operation are degraded and the degradation is supervised by
diagnosis methods. Obtaining information about the state and its processing
for legitimate operational decisions is developed in many ways, and some of
them are the contents of this work.

This applies particularly to the use of new methods of statistical analysis of
test results, such as: OPTIMUM, SVD, the methods of determination of cause
– effect of selected tools and methods of artificial intelligence (ŻÓŁTOWSKI,
ŻÓŁTOWSKI 2014a, 2014b, ŻÓŁTOWSKI M. 2014a).

Creative design innovation of this work concerns the functioning and
effectiveness study of companies in the area of strategy, productivity, high-
lighting the issues of exploitation resources and production structures includ-
ing:

– principles of creativity, innovative organizational structures;
– algorithmization of problems of innovative production company;
– the primers creative organization and functioning of companies exploita-

tion in the research system, with criteria of efficiency, evaluation of the safety
and environmental risks;

– the development of a dedicated system for mining companies – as of and
tolerated failures;

– development of creative quality of exploitation analysis system resources,
organization and maintenance of the company;

– development of information technology in the field of virtualization
business.

The result of such an approach should be to develop innovative primers
effectively functioning enterprise, taking into account the creative principle of
rational and creative thinking, using the technology of virtual machines to
maintain fitness.

The problem of the submitted proposal is broad, modern and saturated by
many proposals, worth taking to improve the efficiency of operating companies
leading to the direction them on creative, creative and innovative thinking and
action, particularly in the area of operation and proposed new strategies and
methods of examination of the technical measures.

Starters innovation in supervising status degradation

One of the possible solutions to the implementation of the problems in
modern organized enterprise may be the use of additional diagnostic methods
used extensively CMMS systems, and more specifically to a system MAXIMO
endearing productivity issues through the prism maintain the fitness machin-
es. Development and integration of MAXIMO structure dedicated diagnostic
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system based on the methods OPTIMUM, SVD and a methodology of building
diagnostic models, representing a comprehensive set of data analysis tools
working in MATLAB, greatly affects the accuracy of the results of examination
of the fitness machines.

Observation of play fuel facility carried out by measuring the various
symptoms of the technical condition and comparing them to predefined limit
values – for the specific symptom and a specific application. The wear of the
object is generally not one-dimensional, and the dimension of the damage
increases with the complexity of the construction machine. This increases
dramatically dimensionality state vectors, signals vectors and interference.
Diagnostic information possible to obtain in clinical status becomes redundant
dimensionally complicated and difficult to process. This paper presents as
primers for creativity operated machine parts information redundancy issues,
evaluation of individual measures of diagnostic signal processing and multi-
dimensional diagnostic information in clinical programmable.

In practical applications, the preparation procedures (primers) for process-
ing data obtained from the measurements is a very important step in the data
classification affecting both the efficiency of distinguishing between states,
speed and ease of construction and the learning model of cause – effect
relationship, as well as its subsequent generalization. Registered test time is
later taken to process in Excel spreadsheet, and it is the basis for further
processing, eg. the time, frequency, and amplitude, providing measures to
enable the decomposition of multiple output signals of each of developing
defects. Decision-making process consists of sequence operations from date of
obtaining information about the machine state, through its collections and
processing until the selection and transfer of fixed decision for execution.

Ideal point method – OPTIMUM

Diagnostic signals measured in different ways reflect observation space,
and, in an indirect way, damage development in a machine – Figure 2. With the
use of optimization techniques, sensitivity of measured symptoms to condition
changes can be characterized based on measuring the distance from the ideal
point. Distinguishing the fault is possible – according to mathematical formal-
ism – after projecting constituent symptoms on axes x, y, z respectively.

The following algorithm makes statistical assessment of individually-elab-
orated diagnostic symptoms possible, resulting in a final ranking of their
sensitivity and relevance. The following steps of this procedure include:
1. Creating an observation matrix from measured symptoms: s1, s2, s3...sm.
2. Statistical assessment of symptoms with the use of various criteria, i.e.:
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Fig. 2. Multi-dimensional observation space

– the symptoms change ability:

f1 =
sj (1)
ȳ

where:
Sj – standard deviation, ȳ – average value;

– assessment of symptom sensitivity to condition changes:

wi =
xi max – xi min (2)

x̄i

– correlation to the technical condition, run (determination of the correla-
tion coefficient: symptom-condition):

f2 = r (y,w); rxy =
1 Σn

i=1(xi – xsr)(yi – ysr) (3)
n – 1 σx σy

To make considerations and the presentation of results on the surface
easier, two selected indicators of quality are sufficient.

3. Making further maximization and normalization of adopted indicators of
quality signals, we obtain statistical characteristics of their sensitivity (f1

*, f2
*)

which further allows us to determine the coordinates of an ideal point. This
allows distance determination of single signal measurements from an ideal
point, according to the following relation:
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L = √(1 – f *
1)2 + (1 – f *

2)2 (4)

4. General sensitivity coefficients (weights) for each tested signal are
determined by relationship:

wi =
1

, where: Σ wi = 1 (5)
1

· Σn
i=1 LiLi

The presented algorithm can be easily performed in Excel, obtaining
a quality arrangement of measured symptoms. Figure 3 shows the final result
of this procedure for sample measurement data. Distance points of each
measurement from an ideal point (1,1) indicate the sensitivity of assessed
signal measurements, with the points closest to (1,1) being the best symptoms.

Having highlighted statistically good symptoms, it is possible to build
cause-effect models at the stage of inferring the condition. The quality of the
model depends, however, on the number of measures taken into account,
which, indirectly, in the simplest regression models, can be evaluated with the
determination of coefficient R2.

Fig. 3. Ideal point method outcome – OPTIMUM
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Multi-dimensional system observation – SVD

SVD (Singular Value Decomposition) is a numeric procedure for the multi-
dimensional tracking of changes of an object’s condition. It detects developing
damage and selects maximally informative condition symptoms in a given
situation.

Let’s take into account a complex mechanical object operating in time
0 < θ < θb, where evolutionarily several independent defects are developing,
Ft(θ), t =1, 2,..., u. Their development can be handled by observing the
phenomenon field, creating a row vector of technical condition symptoms;
[sm] = [s1,..., sr], with a different physical nature. For the purpose of tracking
changes in the technical condition of an object, one can perform dozens of
equally-distant value readings of the vector in time; θn, n = 1, ... p, θp ≤ θ0. In
this way, further rows of the symptom observation matrix (SOM) are obtained.
We already know that the maximum diagnostic information can be obtained
from the matrix if all the initial readings are centred (subtracted) and
normalized to the original value Sm(0) = S0m of a given symptom. We thus
obtain a non-dimensional symptom observation matrix:

Opr = [Snm], Snm =
Snm – 1 (6)
S0 m

where:
bold markings represent the original dimensional symptom values.

For the purpose of describing system lifecycle, we hale a non-dimensional
observation matrix Opr of r – columns resulting from the number of observed
symptoms and p lines resulting from the total number of consecutive observa-
tions. To the non-dimensional observation matrix, the procedure of distribu-
tion in relation to specific values is:

Opr = Upp · Σpr · Vrr
T (7)

where:
T – transposition,
Upp is a p – dimensional orthogonal matrix of specific left-sided vectors,
Vrr is an r – dimensional orthogonal matrix of specific right-sided vectors and
in the middle – a diagonal matrix of specific values Σpr with the following
properties:
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Σpr = diag (σ1, ..., σl), where: σ1 > σ2 > ... > σu >0 (8)

and: σu+1 = ... σl = 0, l = max (p, r), u = min (p, r).

This means that of r – measured symptoms, one can obtain only u ≤ r of
independent information on growing damage. Such a decomposition of the
SVD observation matrix can be conducted after each observation; n = 1, ..., p,
and thus the evolution of defects Ft(θn) in an object can be monitored.

One damaged F can be described by a pair of new values; SDt and θt. The
first one is a generalised symptom of damage t, which could be called
a discriminant of this damage and could be obtained as a right-sided product of
observation matrix and vector vt (HAMROL, MANTURA 1998):

SDt = Opr · vt = σt · ut (9)

Since vectors vt and ut are normalized to unity, the length of vector SD is
equal to its energetic norm and equals:

Norm (SDt) ≡ ⎜⎜SDt ⎜⎜ = σt (10)

Therefore, for a specified lifetime θ use advancement of damage, Ft can be
reflected by a special value σt(θ), whereas its instantaneous evolution – by
discriminant SDt (θ). The equivalence of new measures of SVD is postulated to
the characteristics of damaged areas, throughout the entire lifecycle θ of an
object:

SDt (θ) ~Ft(θ), with the norm ⎜Ft(θ) ⎜~ ⎜SDt(θ ⎜ = σt(θ) (11)

SDt(θ) can also be called a damage profile, whereas σt(θ) its advancement.
Figure 4 shows the SVD idea.

The target of SVD is also to select maximally-informative symptoms
measured in a given diagnostic observation. From the observation matrix
Opr = [Snm], one can define two square r and p-dimensional covariance ma-
trices, as below (*T – the transposition of the matrix, vector):

W1 = (Opr)T · Opr, and W2 = Opr · (Opr)T (12)

Solving the issues of these matrices (EVD) shows that in this way the
wanted specific vectors of the observation matrix SVD and squares of the
specific values can be obtained:

W1 · νν = σ 2
ν · νν, ν = 1,... r; and W2 · ui = σ 2

i · ui, i = 1,... p (13)
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Thus, solving the two own issues (Eigen Value Decomposition – EVD) of
both covariance matrix, defined in the observation matrix, we obtain the same
result as in the SVD procedure; squares of specific values instead of their
original values are the only difference.

An example of the application of these considerations is a diagnostic
observation of a 12-cylinder traction diesel engine, and the results are shown in
Figure 4. The image in the upper-left corner shows 12 measured symptoms
creating a complexity of information, which, however, after being processed by
SVD, is easy to decode into two main types of damage because σ1 and σ2

constitute ca 50% and 20% of all diagnostic information in the observation
matrix (image in the upper-right corner) measured as a quotient of the values
of a given σi to the sum of all specific values. Moreover, the first damaged SD1

(lower-left corner) almost monotonically increases, while the second one is
unstable and begins to grow only after the 20th measurement (200 thousand
kilometres), which can also be seen in the course of the intensity of damage σ2,
in the lower-right corner.

Information system of identification tests

The possibility of rapid identification of damage while diagnosing the
elements affecting the functioning of objects was the basis for the creation of
SIBI program shown in Figure 5.

This program is a software implementation attempt for the following
purposes: acquisition of vibration processes, their processing, testing co-de-
pendencies of vibration processes, testing symptom sensitivity, statistical
inference, and visualization of analysis results.

Presented development issues are excerpts of works relating to the develop-
ment needs of the primer creativity – supporting enterprise decision-makers in
the analysis of existing solutions and selection of the best (innovative) systems
supporting maintenance services.

It is worth remembering that the truth and danger existing in the
implementation of innovation in the enterprise:

– „everything was good with great respect we put on the shelf meritorious
solutions and stubbornly looking for new and better solutions, even for old
problems”;

– „the innovator has enemies all those who prosper under the old system,
a faint support from those – who will benefit from the new”.

Issues shaping the modern enterprise in terms of: knowledge, creativity,
innovation, techniques and airworthy virtual machines designate the areas
needs to develop of creativity primers.
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Fig. 5. Main dialog window of SIBI program
Source: ŻÓŁTOWSKI et al. (2014b).

Conclusion

The growing demands of the economy and the environment in terms of
„quality” of newly constructed or upgraded machinery strategies for different
objects are forcing manufacturers to introduce new methods and means of
supervising the evolution of changes in objects and to facilitate decision-
making supplies. The problems identification, of the dynamic machine state
with the description of the model and the various research methods of these
models is fixed in the design and operation of modern machinery and technical
equipment. The resulting problems associated with the determination of the
current facility state and its impact on the risk for man and the environment in
the exploitation strategy are used for the substantive content of the creativity
primers.

The scope of research methodologies for assessing the dynamic state
machines currently covers issues such as: modeling the dynamic state, sources
of information, signals and symptoms of the dynamic state, the rules of specific
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methods of identification, diagnostic experiments, supporting research and
information technology, organizational and economic aspects of maintenance
of machines able to airworthiness. These areas need to delimit the primer
creativity to improve the rational use in the enterprise.

The basic findings of this study include:
1. dominant role-based enterprise knowledge in creating innovation;
2. need to introduce modern management strategies for businesses;
3. primary role in the control of information abstracted undertaking;
4. award system management operation of machinery in the plant logistics

system, and it will place the research operation of machines;
5. develop creativity primers rational functioning of the company.
In terms of the operation of machinery diagnostics problems are still being

developed, and procedures for obtaining and processing diagnostic information
are constantly being improved. This paper describes the reduction of redun-
dancy for individual state symptoms, and for the examination of the multi-
dimensional. Proposed a new simple and effective method of assessing the
sensitivity of the individual measures of state – OPTIMUM method, discusses
the essence of the SVD and the program SIBI. Any proposed procedures for the
area of machines operation form are the basis of creativity starters.
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A b s t r a c t

Issues concerning maintenance of transport telematics systems were presented in this paper.
They normally operate under various conditions. They need to be reliable as they are required for
transport processes to be uninterrupted. Make sure key reliability and maintenance parameters are
sustained is on of chief issues. Up to this point, the authors carried out reliability and maintenance
analyses of transport telematics systems. They were also successful in developing a computer
application supporting strategy for maximising the availability factor.

Introduction

The term telematics comes from French télématique. The term „Telem-
atics” first appeared in literature at the beginning of 70’s last century. It was
coined using two French words: telecommunications (Fr. Télécommunications)
and information technology (Fr. informatique). At the end of seventies of the
twentieth century it started to be used in English, but it did not make it into
the mainstream. Only when EU programmes aimed at developing telematics
and deploying it in different areas, the term became more recognisable and
popular. This dates back to the 90’s. Today the term telematics used to
describe sciences integrating telecommunications and IT solutions. That com-
bination is used everywhere where considerable benefits could be reaped from
using it, compared to isolated solutions (e.g. through achieving synergy). It is
used in the following areas:

– transport telematics,
– medical telematics,
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– environment protection telematics,
– urban telematics,
– financial telematics,
– library telematics,
– operational telematics,
– industrial telematics,
– domestic telematics,
– post telematics.
From among different areas of application, one of the biggest and most

developing (in Poland, Europe and worldwide) is transport. Transport telem-
atics marked its presence in Polish publications as late as in mid-nineties.

Transport telematics is defined as a field of knowledge and technical
activity integrating IT with telecommunications, intended to address transport
systems’ needs. There several areas where it found its application:

– road telematics (highway and urban telematics),
– rail telematics,
– air telematics,
– maritime telematics.
Decision-making processes are used in many theories and academic disci-

plines, including the system maintenance theory. The term decision is usually
described through definition of the decision making process (decision-making
process). In the context of maintenance, the decision making process involves
choosing a goal-driven action, which is intended to facilitate achieving that
goal. This process is based on a closed set of maintenance events.

In the maintenance subsystem, high in the hierarchy are decision problems
concerning refurbishment of a technical objects part of the transmission of
telematics-based information system. Lower in the hierarchy, are decision
problems concerning the scopes and schedules of replacement, repair and
ongoing servicing of technical objects, scheduling inspections and preventative
replacement of elements as well as how and in what quantities the mainten-
ance subsystem is supplied with spare parts.

Further analysis and any possible standardisation of the maintenance
decision-making system would be only feasible for specific decision-making
systems.

It should be emphasised that objectives of the maintenance decision-
making system are aligned with objectives of the superior system i.e. objectives
of the transport system. A logical consequence of the above is alignment of
maintenance subsystem’s objectives with operation subsystem’s (transport
route) objectives.

There are two fundamental problem classes in the maintenance decision-
making process for transport telematics systems (SIERGIEJCZYK 2011):
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– operational decision-making problem class,
– maintenance decision-making problem class,
Therefore there are two fundamental maintenance decision-making sub-

systems – operational subsystem and maintenance subsystem. Each of those
two subsystems encompasses characteristic types of decision-making problems
varying by timeframes i.e. constituting a decision hierarchy. The above
mentioned factors and issues give the rationale to standardise the subsystems
in question.

Transport telematic systems operate under various conditions (DYDUCH et
al. 2011, SIERGIEJCZYK 2009). They need to be reliable as they are required for
transport processes to be uninterrupted. One of the most important issues is
assuring adequate reliability and maintenance parameters (SIERGIEJCZYK,
ROSIŃSKI 2014a, SIERGIEJCZYK, ROSIŃSKI 2014b). Therefore it is critical to carry
out a reliability and maintenance analysis of transport telematics systems. It
will make possible to design a strategy for maximising the availability factor.
Also, it seems warranted to develop an original computer application whereby
its user could quickly and accurately deploy the strategy without having to be
knowledgeable about the issues of reliability and maintenance.

Maintenance strategy maximising availability factor

One could influence reliability parameters when designing transport telem-
atics systems by e.g. designing the system so that its reliability structure
reflects desired values of parameters (ROSIŃSKI 2008, ROSIŃSKI 2010, ROSIŃSKI

2012). That is the way that the failure rate of designed system could be
improved (SIERGIEJCZYK, ROSIŃSKI 2011b). The strategy for maximising avail-
ability factor draws on availability factor definition presented among other in
papers (WOROPAY 1996, ŻÓŁTOWSKI, NIZIŃSKI 2002).

The formula for the availability factor may look as follows:

Kg =
Tm (1)

Tm + Tn

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) (JAŹWIŃSKI, WAŻYŃSKA-FIOK 1993, WAŻYŃSKA-FIOK 1993):

– usage state S0,
– repair state S1,
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Fig. 1. Graph showing switching between usage and repair states. Denotations in figures: λ – failure
rate, μ – repair rate

Figure 1 presents a graph showing switching between states which do not
include all possible and actual states occurring during transport telematics
operation. Hence the following two states were add (Fig. 2) (ROSIŃSKI 2006,
ROSIŃSKI 2007, SIERGIEJCZYK, ROSIŃSKI 2011a):

– usage state (S0),
– repair state (S1),
– state of I type inspection (S01) (during which performs the necessary

tasks within the scope of the inspection of the first type),
– state of II type inspection (S10) (during which performs the necessary

tasks within the scope of the inspection of the second type).

Fig. 2. Graph showing switching between usage state, repair state and I and II type inspection state
(the adjustment coefficient factored in). Denotations in figures: λ – failure rate, μ – repair rate,
λ1 – I type inspection rate, μ1 – I type routine maintenance rate (BĘDKOWSKI, DĄBROWSKI 2006),

λ2 – II type inspection rate, μ2 – II type routine maintenance rate
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For the graph shown in Figure 2 the following equations hold:

– λ ·
λ

· P0 + μ · P1 – λ1 ·
λ1 · P0 + μ1 · P01 – λ2 ·

λ + λ1 + λ2 λ + λ1 + λ2

·
λ2 · P0 + μ2 · P10 = 0

λ + λ1 + λ2

λ ·
λ

· P0 μ · P1 = 0 (2)
λ + λ1 + λ2

λ1 ·
λ1 · P0 μ1 · P01 = 0

λ + λ1 + λ2

λ2 ·
λ2 · P0 μ2 · P10 = 0

λ + λ1 + λ2

By rearranging we get:

P1 =
λ

·
λ

· P0λ + λ1 + λ2 μ

P01 =
λ1 ·

λ1 · P0 (3)
λ + λ1 + λ2 μ1

P10 =
λ2 ·

λ2 · P0λ + λ1 + λ2 μ2

Note:

P0 + P1 + P01 + P10 = 1 (4)

Thus:

Kg = P0 =
(λ + λ1 + λ2) · μ+ μ1 + μ2

(λ + λ1 + λ2) · μ · μ1 · μ2 + λ2 · μ1 + μ2 + λ2
1 · μ · μ2 + λ2

2 · μ · μ1

(5)

The relationship obtained describes impact of pending I and II type
inspection rates on availability factor of given system (given failure rate, repair
rate and I and II type routine maintenance rates were known). Should the
function have a maximum, it is recommended to determine corresponding
coordinates i.e. I type inspection rate and II type inspection rate, since it will
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increase the availability factor. Those values would have been then optimum
values, maximising the availability factor.

A condition necessary for the function P0(λ1,λ2) to have extremum at
P0(λ1optym.,λ2optym.), is that first partial derivatives of the function at that point
have to equal zero, i.e.:

�
�

�

�
�

�

� dP0 (λ1optym.,λ2optym.) = 0
dλ1

(6)dP0 (λ1optym.,λ2optym.) = 0
dλ2

Determining an analytical solution of the system of equations (6) is
a complex exercise. Therefore LabView 2011 was deployed to computer aid the
process in order to develop a computer application which would support the
transport telematics system maintenance (SIERGIEJCZYK, CHMIEL, ROSIŃSKI

2012, SIERGIEJCZYK, ROSIŃSKI 2013).

Computer application supporting availability factor
maximising strategy

LabView is programming environment intended for developing software
for control and measuring systems. A given process is visualised on computer
screen as a virtual measuring apparatus (e.g. oscilloscope, multimeter, set of
indicator lights) and/or a control panel (e.g. buttons, potentiometers, control-
lers). Hence it is often referred to as a virtual instrument (VI). Computer
application developed in LabView coded in G visual programming language
was presented in this paper.

After launching LabView and selecting new project option, two windows
come up:

– Front Panel,
– Block Diagram,
They are intertwined and inherently linked with each other.
The front panel provides graphical user interface between the VI applica-

tion and the user. By using certain elements (e.g. switches, displays) it is
possible to recreate the front panel of the actual instrument.

The block diagram window gives a graphical representation of the source
code behind the application recreating the virtual instrument. It uses the
G visual programming language, which as opposed to textual programming
language employs block diagrams. It is therefore possible to design control
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algorithms fast. All elements found on the front panel are represented in this
window (inputs and outputs of the VI). Relationships between those elements
need to correspond to default tasks performed by the virtual instrument. In
order to do so, different functions and structures are used which make it
possible to recreate relationships between inputs and outputs.
Figure 3 illustrates front panel of computer application supporting the strat-
egy maximising availability factor. By providing the following input data:

– mean time between failures,
– mean time to repair,
– I type maintenance meantime,
– II type maintenance meantime,
and by using relationships given in the previous chapter, the programme

determines the following:
– maximum availability factor Kg-max,
– I type inspection rate corresponding to maximum value of availability

factor Kg-max,
– II type inspection rate corresponding to maximum value of availability

factor Kg-max,
The relationship between availability factor as a function of I type inspec-

tion rate and II type inspection rate was also illustrated graphically (3D
diagram in Figure 4).

In previous versions of the computer application, optimum values of I and
II type inspection rates corresponding to maximum values of the availability
factor were given numerically. This caused on some occasions misinterpreta-
tion of results by users of this method. Hence the application was updated with
visualisation of results – as depicted in Figure 4.

A point representing the maximum value of availability factor
Kg = 0,999803428979 was shown in Figure 4 for I and II type inspection rates:
Lambda I = 0,000049151, Lambda II = 0,000025. The following values were
substituted as input data:

– mean time between failures = 4380 [h],
– mean time to repair = 1 [h],
– I type maintenance mean time = 2 [h],
– II type maintenance mean time = 4 [h],
Functionality was added to produce three-dimensional representation of

results in order to provide an accurate image of the relationship between the
availability factor Kg as a function of I and II type inspection rate. This surface
represents the relationship Kg = f(λ1, λ2).

Based on visualisations shown in Figure 5, it becomes possible to determine
the influence of:

– I type inspection rate on value of availability factor,
– II type inspection rate on value of availability factor,
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Fig. 4. Relationship between availability factor as function of I type inspection rate and II type
inspection rate

– I type inspection rate and II type inspection rate on value of availability
factor.

Correctly designed decision support systems effectively help to mitigate the
risk of making wrong decisions. The user is provided with reliable information
in an easily digestible form. The following postulates could be put forward on
the back of experiences in designing maintenance decision support systems for
transport telematics equipment:

– developing a support system that allows to improve maintenance process
of transport telematics equipment and its management,

– building a knowledge base about transport telematics reliability, includ-
ing analytical reliability algorithms and heuristic algorithms for analysing,
assess and plan the maintenance process,

– building a database of reliability characteristics of transport telematics
equipment,

– building a database of individual subsystems facilitating data exchange
between databases,

– developing an expert system for generating proposals on how to maintain
transport telematics systems.
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Fig. 5. Relationship between availability factor Kg as function of I type inspection rate and II type
inspection coefficient – views: a – from I type inspection rate axis, b – from II type inspection rate axis,

c – top view

Conclusions

Availability factor maximisation strategy was presented in this paper
which factors in reliability parameters (failure rate) and maintenance pa-
rameters (repair rate, routine maintenance rate). It enables to determine
optimum routine inspection rates both when it is and is not feasible to assure
optimum values. Optimisation criterion maximises the values of availability
factor.
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An original computer application supporting the transport telematics
system maintenance process was also presented in this paper. It represents
a computer exemplification of maintenance decision support for transport
telematics systems. It makes it possible for decision makers to deploy the
developed method without having to be particularly knowledgeable about
reliability and maintenance of transport telematics systems. Further research
envisages expanding the application with information collection functionality
to gather data on system status then used to estimate values of reliability and
maintenance parameters.
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Results should be clear and concise. Discussion should explore the significance of the

results of the work, not repeat them. A combined Results and Discussion section is often
appropriate.

Conclusions
The main conclusions of the study may be presented in a Conclusions section, which

may stand alone or form a subsection of a Results and Discussion section.
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Artwork
General points

– Make sure you use uniform lettering and sizing of your original artwork
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– Embed the used fonts if the application provides that option
– Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,

Symbol
– Number equations, tables and figures according to their sequence in the text
– Size the illustrations close to the desired dimensions of the printed version

Formats
If your electronic artwork is created in a Microsoft Office application (Word,

PowerPoint, Excel) then please supply ‘as is’ in the native document format
Regardless of the application used other than Microsoft Office, when your electronic

artwork is finalized, please ‘Save as’ or convert the images to one of the following
formats (note the resolution requirements given below):

EPS (or PDF): Vector drawings, embed all used fonts
JPEG: Color or grayscale photographs (halftones), keep to a minimum of 300 dpi
JPEG: Bitmapped (pure black & white pixels) line drawings, keep to a minimum of

1000 dpi or combinations bitmapped line/half-tone (color or grayscale), keep to a mini-
mum of 500 dpi

Please do not:
– Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these

typically have a low number of pixels and limited set of colors
– Supply files that are too low in resolution
– Submit graphics that are disproportionately large for the content

Color artwork
Author/authors should make sure that artwork files are in an acceptable format

(JPEG, EPS PDF, or MS Office files) and with the correct resolution. If, together with
manuscript, author/authors submit color figures then Technical Sciences will ensure
that these figures will appear in color on the web as well as in the printed version at no
additional charge.

Tables, figures, and equations
Tables, figures, and equations/formulae should be identified and numbered consecu-

tively in accordance with their appearance in the text.
Equations/mathematical and physical formulae should be presented in the main

text, while tables and figures should be presented at the end of file (after References
section). Mathematical and physical formulae should be presented in the MS Word
formula editor.

All types of figures can be black/white or color. Author/authors should ensure that
each figure is numbered and has a caption. A caption should be placed below the figure.
Figure must be able to stand alone (explanation of all symbols and abbreviations used in
figure is required). Units must be always included. It is noted that figure and table
numbering should be independent.

Tables should be numbered consecutively in accordance with their appearance in the
text. Table caption should be placed above the table. Footnotes to tables should be placed
below the table body and indicated with superscript lowercase letters. Vertical rules
should be avoided. Author/authors should ensure that the data presented in tables do not
duplicate results described in figures, diagrams, schemes, etc. Table must be able to
stand alone (explanation of all symbols and abbreviations used in table is required).
Units must be always included. As above, figure and table numbering should be
independent.
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