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Abstract
This paper presents the performance study results of two ASG-EUPOS system services
(KODGIS and NAWGIS) carrying out real-time network code DGPS positioning. In this elaboration,
basic information about the system and discussed services are presented, as well as the advantages of
the code differential positioning. The accuracies of the KODGIS and NAWGIS given by the system
administrator are provided and papers and presentations with local and international impact were
considered. A description of the experiment and the obtained results were provided for three days of
measurements taken in north-eastern Poland, near Olsztyn. The research results showed that the
positioning errors achieved using the KODGIS service throughout the study exceeded values declared
by the ASG-EUPOS system administrator. This service, with respect to NAWGIS, was also
characterized by higher fluctuations in the determined coordinates. Moreover, the occurrence of
systematic errors in the performance of both studied services was noted, whereas the weakest
element of the entire ASG-EUPOS system appeared to be the data transmission to the user.

Introduction
ASG-EUPOS is one among many of the regional augmentation GBAS
systems (Ground Based Augmentation System) operating in Europe and
beyond. Its establishment was a significant step forward in the context of the
research on satellite navigation systems, as well as their practical applications.
ASG-EUPOS was launched in 2008 and its administrator is the state institution GUGiK (Head Office of Geodesy and Cartography). Initially, the system
Correspondence: Paweł Przestrzelski, Katedra Geodezji Satelitarnej i Nawigacji, Uniwersytet
Warmińsko-Mazurski, ul. Heweliusza 5, 10-724 Olsztyn, e-mail: pawel.przestrzelski@uwm.edu.pl
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consisted of 98 continuously operating reference stations (CORS) evenly
distributed within the territory of Poland (BOSY et al. 2008). Most of them only
provided measurements from the American Global Positioning System (GPS).
Over time, the ASG-EUPOS system has undergone constant updates and
upgrades and now consists of 101 CORS stations, of which 31 are GNSS
(Global Navigation Satellite Systems) stations (as of February 5, 2014). This
system, since its establishment, has offered the following services to users:
– post-processing services – POZGEO (automatic data elaboration) and
POZGEO-D (raw observational data);
– real-time services – NAWGEO, KODGIS and NAWGIS;
– technical support service.
At the moment, new modules extending the functionality of the ASG-EUPOS systems are being prepared – ASG+ project (FIGURSKI et al. 2011).
The next CORS stations are being modified, enlarging the system’s functionality by additional satellite navigation systems. The daily number of loggings to
individual services might serve as proof of the growing popularity of the
ASG-EUPOS system (ORUBA et al. 2009). The most popular services primarily
use phase observations (NAWGEO, POZGEO and POZGEO-D services). Apart
from applications in everyday geodesic work (e.g. engineering surveying or
cadastral surveying), services providing the highest accuracy are also being
used in various research studies, including geodynamic studies (BOGUSZ et al.
2012), atmospheric influence on GNSS measurements (WIELGOSZ et al. 2011),
precise satellite levelling (STĘPNIAK et al. 2013), control network establishment
(BAKUŁA 2013), positioning in hard observational conditions (BAKUŁA et al.
2012) and hydroacoustic measurements (POPIELARCZYK, TEMPLIN 2013). The
situation appears quite different regarding the use of the KODGIS and
NAWGIS services, where both use code observations for position calculation.
For the first two years of the ASG-EUPOS system’s operation, connections
with the studied services constituted c.a. 0.8% of all connections (ORUBA 2009).
However, the reasons for such a situation were not indicated. There is also
a lack of KODGIS/NAWGIS studies, especially for their performance. One of
the very few papers was prepared by WIŚNIEWSKI et al. (2013). Its authors
presented the results of real-time measurements conducted using a Garmin
eTREX H GPS receiver and RTKLib software. The obtained results were
considered insufficient. The accuracy of the NAWGIS service appeared to be on
the level of the single point positioning mode, while the KODGIS service was
characterized by only a slightly higher accuracy.
The purpose of this article is to study the performance of two ASG-EUPOS
system services (KODGIS and NAWGIS) carrying out real-time network code
DGPS positioning.
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Network Code DGPS Positioning
and KODGIS/NAWGIS Services
The DGPS positioning (Differential GPS) issue was brought up by many
scientists worldwide (SAWAGUCHI et al. 2003, SPECHT 2011, ZHANG, BARTONE
2005). This technique has successfully found application in navigation, Geographical Information Systems and Location Based Services, etc. It is a relatively simple application, with low device and infrastructure costs and is
a method which meets high performance requirements for integrity, continuity, availability and the accuracy of coordinate determination. Differential
positioning in its classical approach (using a single reference station) eliminates systematic errors associated with satellites (HOFMANN-WELLENHOF et al.
2008). Some errors are correlated over a certain area and they are called
distance-dependent errors, i.e. ionosphere and troposhpere refraction. The
differential technique helps to eliminate this group of errors (SEEBER 2003).
Systematic errors associated with distance decorrelation can be eliminated by
applying the network solution (using at least three reference stations) for
pseudorange correction (PRC) determination (BAKUŁA 2006). Figure 1 presents schematic comparison of the classical and network approach. Virtual
reference station (VRS) (Fig. 1) is a station created in the user vicinity using
network of stations in order to reduce distance dependent errors. Some errors
(i.e. multipath and receiver noise) are uncorrelated at the reference and user

Fig. 1. Concept view of the classical (a) and network (b) DGPS positioning
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receiver and cannot be corrected using DGPS. In fact, a user inherits the errors
incurred at the reference station. Therefore, it is important to minimize these
errors by careful siting and equipment selection at both the reference and user
stations (MISRA, ENGE 2006). The effect of multipath and receiver noise on
code differential positioning was discussed extensively by SHUXIN et al. (2002).
The network code DGPS positioning method is carried out by the ASG-EUPOS system with KODGIS and NAWGIS services. This GBAS system
transmits, for GPS observations, similar messages with the same intervals
(given in brackets), i.e. 1(1 s), 3(6 s), and 59(9 s), of the RTCM standard (Radio
Technical Commission for Maritime Services) in versions 2.1 and 2.3 for the
NAWGIS and KODGIS services, respectively. However, there is one significant
difference in the method of a PRC correction determination using a network of
stations. PRC corrections in the KODGIS service are calculated directly for
a user’s location (with the user’s approximate position sent to the ASG-EUPOS). This requires a two-way communication link. Although in the case
of the NAWGIS service, PRC corrections are determined for two strictlydefined points, the geometric centers of the station network are for northern
and southern Poland (ORUBA 2013). That is why the user has the two data
streams to choose (NAWGIS-Polnoc and NAWGIS-Poludnie), depending on
whether the user is located in the north (i.e. północ in Polish) or in the south
(i.e. południe in Polish) of Poland. According to information broadcast on 25th
July 2013 through the ASG-EUPOS system included in the message number
3 of the RTCM 2.1 data stream for the two streams of the NAWGIS service, the
coordinates of these virtual points are:
● for the NAWGIS Polnoc stream:
–
– X = 3561343.30 m,
– Y = 1331531.70 m,
– Z = 5103877.65 m,
● for the NAWGIS Poludnie stream:
–
– X = 3714504.63 m,
– Y = 1425864.73 m,
– Z = 4968518.98 m.
Currently (on 2nd July 2014) these coordinates differ from presented
above. The administrator of the ASG-EUPOS system defined the achievable
accuracy for individual services on the web page www.asgeupos.pl (Tab. 1).
Unfortunately, there were no measures to describe those values. At the
beginning of the full operational capability of the ASG-EUPOS system, BOSY et
al. (2008) presented the assumed accuracy of individual services. These values
differ from the values given in Table 1 only for the KODGIS service. The
authors assumed that its accuracy would range between 0.2 and 0.5 m. This
value was repeated in a lecture given by ORUBA (2013). However, GRASZKA
Technical Sciences
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(2012) stated that the error for the determined coordinates using KODGIS
should not exceed 0.25 m horizontally and 0.5 m vertically. In the international
literature, MONTEIRO et al. (2005) estimated that the DGPS error [95%] is
equal to 0.5 m to 1.0 m near the reference station. OH et al. (2005) reported an
increase in the accuracy of the code differential positioning of c.a. 40% using
a station network and linear interpolation model for the PRC estimation.
Taking into account these two aforementioned values leads to an achievable
accuracy of 0.3–0.6 m in the case of PRC generated for the measurement site at
the confidence level of 95%. This accuracy coincides with the values given for
the KODGIS service by its administrator and the other authors mentioned in
this paper. Other studies stated an accuracy of 0.1–0.3 m achieved with
appropriately elaborated code observations and a network solution (BAKUŁA
2010). Other authors using various interpolation models significantly improved measurement accuracy in mountainous regions where height differences exist between reference stations (NEJAT, KIAMEHR 2013). It was shown that
in a short observation time, code network DGPS positioning results can
produce even centimeter accuracy and can be more reliable than static relative
phase positioning where gross errors often happen (BAKUŁA 2007).
Table 1
Individual services and their achievable accuracy declared by the administrator
of the ASG-EUPOS system
Service group
Real-time
services
Post-processing
services

Service name

Survey method

Estimated accuracy

NAWGEO

RTK

up to 0.03 m horizontally
up to 0.05 m vertically

KODGIS
NAWGIS

DGPS

up to 0.25
up to 3.0 m

POZGEO
POZGEO-D

Static
Static, kinematic

depends on survey
conditions (0.01 – 0.10 m)

Source: ASG-EUPOS, www.asgeupos.pl (access: 5.02.2014)

Experiment description
To study the performance of KODGIS and NAWGIS services of the ASGEUPOS system, three days of static measurements were conducted using GPS
observations. One measurement day consisted of two 90 minute sessions, one
for each service. Measurements were performed simultaneously using two
high-end TRIMBLE SPS882 receivers. The second device was used in order to
detect possible irregularities in studies. Receivers were placed on an aluminum
beam at a distance of 0.5 m and on equal heights. The calculated ellipsoidal
Technical Sciences
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coordinates were automatically converted to Gauss-Krüger conformal coordinates (X, Y) and, together with ellipsoid height (h), were recorded every
1 second. In the process of the coordinate calculations, all satellites located
a minimum of 15 degrees above the horizon were involved. Phase and code
observations were gathered simultaneously. The studies took place in northeastern Poland, in the following cities (date in brackets): Morąg (25th July
2013), Frygnowo (27th July 2013) and Olsztyn (28th July 2013).The measurements were performed in an unobstructed area, whereas individual sessions
were conducted at the same local time. The location of the measurement sites
and distribution of the surrounding reference stations of the ASG-EUPOS
system are presented in Figure 2. The two measurement sites shown in Figure
2 were located as far as possible at equal distances from the nearest reference
stations of the ASG-EUPOS system. On average, this distance amounted to
41.8 km for the Morąg site (located in an urban area) and 34.5 km for the
Frygnowo site (located in a rural area). Since the third measurement site was
situated directly in Olsztyn, c.a. 140 m from the KROL station (an urban area),
the KROL and Olsztyn captions converge in Figure 2.

Fig. 2. Location of the measurement sites, reference stations and non-physical NAWGIS–Polnoc point
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The measurements were conducted between 9:00–10:30 a.m. (KODGIS
service) and 12:30–2.00 p.m. (NAWGIS service) local time. The measurement
break was caused by a low number (4) of observed satellites (Fig. 3b). A similar
number of satellites, their even distribution (Fig. 3a) and negligible and weak
disturbances of the ionosphere (Fig. 4) led to obtaining similar measurement
conditions throughout the study. WANNINGER (1999) gave a detailed description of the I95 index presented in Figure 4.

Fig. 3. Satellites observed in Olsztyn: skyplots (a) and number of satellites (b)

In order to establish a connection with ASG-EUPOS, the SIM cards of the
two Polish internet providers were used: Plus and Orange. In Figure 5,
coverage maps of the wireless internet in the HSDPA (High Speed Downlink
Packet Access) technique were presented as declared by the four largest
communication corporations operating in Poland (Plus, Orange, T-Mobile and
Play). Reception delay of the correction data during lower solar activity
conditions does not significantly influence accuracy performance of the code
DGPS positioning (SCHLÜTER et al. 2010). In the case of KODGIS and
NAWGIS services and their practical application in navigation more important
seems to be continuity in receiving the data. Despite the assurance of the
ORANGE company given on its website, no connection using any technique
Technical Sciences
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Fig. 4. The ionospheric I95 index reflecting the condition of the ionosphere during the measurements
Source: based on www.asgeupos.pl
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involving a modem near Frygnowo was possible. One of the receivers was
equipped with a SIM card of this internet provider. That is why discontinuity
in measurements appeared, causing a break in measurements on the 26th July.
A change in the communication operator to the PLUS company allowed us to
perform measurements the next day. Furthermore, when analyzing the maps
all over the country delivered by the internet providers, white spots representing a lack of internet connection are noticeable, as well as in the case of main
communication routes (both water and land). This resulted in the lack of an
internet connection and the consequent unavailability of the ASG-EUPOS
data. Ensuring availability is one of performance requirements for using
a given system in navigation.

Fig. 5. Coverage maps of the wireless HSDPA internet declared by the four largest communication
corporations for the vicinity of Frygnowo. White spots represent a lack of coverage

Measurement results
The data gathered during the three-day study was later elaborated. For
every session, a reference coordinate was first calculated (REF). This task was
performed using raw observations (recorded simultaneously with calculated
positions) and Topcon Tools v.8.2 software. Next, a standard deviation was
calculated (σ) (which characterized the measurement precision) and, by using
Technical Sciences
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reference coordinates, the value of the RMS error was obtained. The RMS
error refers to the measurement accuracy. The following formulas were used:

σ=

√

Σni=1 (xi – x̄)2,
n–1

RMS =

√

Σni=1 (xi – xREF)2

(1)

n

where:
x̄
– mean value of the data set,
xREF – reference value,
– i-th element of the data set and n is a number of measurements.
xi
The final results obtained in the course of the study for two satellite
receivers are summarized in Table 2. Apart from the accuracy (RMS) and
precision (σ) of the measurement results and the maximum deviations (⏐dX⏐,
⏐dY⏐, ⏐dh⏐) from the reference value (REF), the average PDOP (Position
Dilution of Precision) coefficient was given, as well as the average number of
satellites used in the position calculation process. These values reflect similar
survey conditions that were present each day. The only difference appeared in
the case of the measurement conducted using the NAWGIS service in Morąg.
The average number of satellites used in the position calculation process was
lower by approx. one (only 6.2 satellites). At the same time, both receivers
recorded 7.2 satellites in the raw data on average. One satellite was rejected.
This situation has automatically resulted in lower precision and accuracy, and
in higher maximum deviations compared to the sessions conducted using the
same service in Frygnowo and Olsztyn. This situation did not take place in the
case of the remaining measuring sessions. Simultaneous measurement using
two receivers (Table 2) demonstrated a lack of noticeable divergences in the
obtained results and other problems, apart from the perturbation with the
internet connection. All of this indicates the correctness of the performed
study in terms of its technical aspects. Therefore, for reasons of clarity, only
the results achieved with receiver number 1 will be further analyzed and
presented graphically.
Comparing the results collated in Table 2 for the KODGIS and NAWGIS
services, a higher accuracy of horizontal component determination (X – north
component, and Y – east component) is noticeable for the latter. It is particularly visible for the measurement conducted in Frygnowo. In general,
NAWGIS is characterized by a higher determination precision. However, in the
case of measurements conducted in urban areas (Morąg and Olsztyn sites)
height component (h) was determined with lower RMS error using
the KODGIS service. The similar final results obtained with NAWGIS in
Frygnowo and Olsztyn (26.0 and 27.9 km from the NAWGIS–Polnoc point,
Technical Sciences
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Table 2
Tabulated results of KODGIS and NAWGIS positioning

Measurement
site

Receiver
#

Service
Name
KODGIS

1
NAWGIS
Morąg
KODGIS
2
NAWGIS
KODGIS
1
NAWGIS
Frygnowo
KODGIS
2
NAWGIS
KODGIS
1
NAWGIS
Olsztyn
KODGIS
2
NAWGIS

σ
RMS

Maximum
deviations

X

Y

h

0.16
0.24
0.16
0.26
0.15
0.25
0.17
0.27

0.12
0.15
0.09
0.14
0.11
0.16
0.08
0.14

0.29
0.32
0.47
0.60
0.29
0.35
0.43
0.49

0.33
0.40
0.12
0.13
0.33
0.38
0.10
0.10

0.25
0.39
0.06
0.08
0.25
0.40
0.05
0.06

0.83
0.83
0.16
0.36
0.84
0.84
0.17
0.27

0.13
0.19
0.09
0.12
0.15
0.20
0.11
0.12

0.06
0.21
0.06
0.06
0.07
0.21
0.07
0.07

0.23
0.23
0.19
0.32
0.20
0.21
0.17
0.24

Average

⏐dX⏐ ⏐dY⏐ ⏐dh⏐ PDOP # of sat.
0.98

0.66

3.27

2.4

7.3

0.90

0.32

1.75

3.6

6.2

1.06

0.90

3.01

2.4

7.3

0.93

0.31

1.20

3.6

6.2

2.60

1.63

5.32

2.5

7.1

0.67

0.20

0.84

2.4

7.2

2.83

1.60

5.55

2.5

7.1

0.59

0.19

0.69

2.4

7.2

0.61

0.42

0.88

2.5

7.0

0.36

0.15

0.83

2.4

7.2

0.71

0.48

0.94

2.5

7.0

0.47

0.18

0.80

2.4

7.2

respectively) and slightly worse results for the Morąg site (60.9 km from the
NAWGIS–Polnoc point) confirmed the distance dependency from the reference
station (in this case, the distance from the virtual point). On the other hand,
despite a similar average distance to the nearest reference station for the
Morąg and Frygnowo sites, a varying degree of accuracy was achieved. The
distribution of horizontal components is presented in Figure 6. The coordinate
determination error of horizontal components did not exceed 3 meters in either
the KODGIS or NAWGIS services (Fig. 6a). In the case of KODGIS, the
achieved results are not satisfactory because they do not meet the declared
accuracy of 0.25 m (Table 1). Moreover, BOSY et al. (2008) described less strict
critical values of 0.2–0.5 m and, even then, the results presented for the
KODGIS service do not meet these requirements. The error of coordinate
determination exceeded 0.25 m, and often even 0.5 m (Fig. 6b). Much worse
results were obtained for the height component, where the maximal deviations
exceeded 5 m. Using the NAWGIS service, the position error did not exceed the
declared 3.0 m, for either the horizontal components or the height component.
Technical Sciences
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Fig. 7. Position distribution in the time domain: a – Morąg, b – Frygnowo, c – Olsztyn
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Fig. 8. Histograms of the measurement errors obtained in Olsztyn: a – KODGIS, b – NAWGIS
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Taking into account the results presented in Table 2 for the NAWGIS service,
the fact that from the NAWGIS–Polnoc point to the most distant western
border of Poland is less than 500 km, and also that the coordinate determination error increases 0.2 m per 100 km from the reference station (MONTEIRO et
al. 2005), the accuracy at the borders should theoretically not exceed the values
declared by GUGiK. Analyzing the position estimation in the time domain
(Fig. 7) fluctuations can be noted in the determined coordinates. This phenomenon concerns mainly the height component in the KODGIS service. It is also
worth noting that the NAWGIS service was characterized by higher stability in
determining the coordinates in the time domain. In Figure 7, higher deviations
than 3 m were not taken into account. Nevertheless, such a situation took
place many times in the case of estimating the height component using the
KODGIS service in Frygnowo.
Employment of the network corrections in the differential code positioning
should allow for the elimination of systematic errors from the measurement
result (BAKUŁA 2010). Meanwhile, coordinates determined using the KODGIS
and NAWGIS services, which perform the network code positioning task, are
not deprived of this group of errors. The shifts of the measurement results
with regard to the reference coordinates indicating the existence of systematic
errors are shown in Figure 8. The KODGIS service, as well as NAWGIS, are
dedicated to applications in navigation and GIS systems. In both cases, the
existence of systematic errors is not desirable.

Conclusions
This paper presents the performance study results of the two real-time
services KODGIS and NAWGIS of the ASG-EUPOS system. Both services
perform the network code DGPS positioning. The main conclusions are as
follows:
1) The accuracy of the KODGIS service differs from the value given by the
administrator of the ASG-EUPOS system. The position estimation error
repeatedly exceeded the declared 0.25 m, particularly in the case of determining the height component. For the NAWGIS service, in contrast, the position
estimation error did not exceed the declared 3.0 m throughout the study.
2) Systematic errors were noted in the performance of both services.
3) The NAWGIS service exhibited a lower fluctuations than KODGIS in
determining the coordinates.
4) The weakest component of the ASG-EUPOS system turned out to be
data transmission to the user, which disrupted the continuity of measurements.
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Exact determination of the positioning accuracy and other performance
parameters of the KODGIS and NAWGIS services requires much more
measurements conducted in various environmental conditions. However, the
presented study performed in north-eastern Poland shows that application
possibilities of the both services seems to be limited. It is mainly caused due to
the presence of systematic errors and discontinuities in the data reception
caused by telecommunication infrastructure.
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Abstract
The present study determined the effect of preliminary hydrothermal depolymerization and
enzymatic hydrolysis of Miscanthus giganteus biomass on the yield of methane fermentation in terms
of the quantity and composition of biogas produced. Enzymatic hydrolysis of the substrate led to an
increase in the volume of biogas produced from 0.12 dm3/g substrate in the samples without enzymes
to 0.17 dm3/g substrate in variant I, as well as a significant increase in methane. In addition, there
were noticeable decreases in dry matter content in all variants to which the enzymatic multicomplex
had been added.

Introduction
Increasing the technological effectiveness of methane fermentation of
organic substrates with various characteristics is one of the key tasks faced by
scientists, technologists, operators and designers of biogas system. Currently,
this process is proving very difficult. Thus, alternative technological solutions
are still being searched for that would exert a direct impact on the end-point
results, namely on the volume and qualitative composition of biogas produced
as well as on the characteristics of fermented feedstock (CARRÉRE
et al. 2010). By shortening the fermentation process, equipment and investCorrespondence: Magdalena Rokicka, Katedra Inżynierii Środowiska, Uniwersytet Warmińsko-Mazurski, al. Warszawska 117a, 10-720 Olsztyn, e-mail: magdalena.rokicka uwm.edu.pl
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ment costs can be reduced. To improve methane fermentation, work is ongoing
on constructing new reactors, modifying the technological conditions of the
process, and implementing new techniques for preliminary preparation, preconditioning and pre-treatment of substrates (SHEHU et al. 2012, YONGZHI et
al. 2011, SHIRSATH et al. 2012). For example, enzymatic pre-treatment improve
the anaerobic decomposition of biomass from energy crops. In suitable climate
or weather conditions, hydrolytic bacteria decompose complex organic compounds to simpler compounds, such as amino acids, fatty acids, glycerine and
sugar. This first phase of methane production affects the efficiency of the
process. To improve this stage, the use of enzymes that hydrolyze cellulose,
hemicellulases and cellobiase has been studied (NEVES et al. 2006, EDER,
GUNTHERT 2002, KIM et al. 2003, DHAR et al. 2012). These hydrolytic enzymes
are produced by a number of fungi and bacteria, which can be used for cost
effective production of cellulose biofluels. Because cellulases, hemicellases and
cellobiases break down lignin-cellulose biomass, they are widely used to
produce biofuels, food products, chemicals and many other products (SIMONES
et al. 2007). The aim of the present study was to determine the effect of
preliminary hydrothermal depolymerization and enzymatic hydrolysis of Miscanthus giganteus biomass on the quantity and composition of biogas produced
by methane fermentation.

Materials and Methods
The experiment was conducted with biomass of Miscanthus giganteus used
as fermentation substrate. Irrespective of the stage of experiment, the substrate was disintegrated mechanically with a Robot Coupe Blixer 3, and subjected
to preliminary hydrothermal depolymerization. Particle size after fragmentation, was between 3–5 mm. Fragmentation was carried out in a pressure
reaction with a active volume of 2.3 dm3. The closed, steel pressure vessel
consisted of three elements: the combustion chamber, a steel cover and 4 bolts,
which allowed precise joining of the components and tightening of the equipment. In brief, 300 g of Miscanthus giganteus biomass with hydration of 55%
and an organic matter content of 33.8% of fresh weight were put in the reactor.
Next, the reactor was incubated at a temperature of 200oC, at a 1,7 MPa
pressure, for 120 minutes in a muffle furnace.
In the subsequent stage of the experiment, the processed biomass of
Miscanthus giganteus was put into open reactors with an active volume of
0.5 dm3 and equipped with a mixing system, after which an enzymatic
multicomplex (Celluclast 1.5 L, Novozym 188 and Hemicellulase) was added.
For maximum enzyme activity the hydrothermally-processed of Miscanthus
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giganteus biomass was hydrated to 98.0% and the pH was reduced to 5.23
before the enzymes were added.
The reactors for enzymatic hydrolysis were then incubated at 37oC for 24 h.
The experiment was divided into three variants depending on the doses of the
enzymes used (Tab. 1).
Table 1
Doses of enzymes in experimental variants

Enzyme name

Declared
activity [U/g]

Declared
activity
[U/g d.m.]

variant 0

variant I

variant II

Celluclast 1.5 L

700

30

–

9.61 · 10–3

19.23 · 10–3 38.46 · 10–3

Novozym 188

250

Hemicellulase

25

1500

30

Total dose of enzymes

Enzyme dose [g/g d.m]

–

variant III

–3

26.9 · 10–3

53.8 · 10–3

–3

–3

13.45 · 10

–

4.425 · 10

8.85 · 10

17.7 · 10–3

–

27.5 · 10–3

55.0 · 10–3

109.9 · 10–3

Incubation of a mixture of plant substrate and a specified dose of enzymes
was followed by methane fermentation. To this end, the substrate
and anaerobic sludge were added to reaction tanks with an active volume
of 0.5 dm3. The characteristics of anaerobic the sludge used in the experiment
are presented in Table 2.
Table 2
Characteristics of the anaerobic sludge used in the experiment
Unit

Min.
value

Max.
value

pH

–

7.16

7.43

7.3

0.14

Hydration

[%]

98.4

98.7

98.6

0.15

Parameter

Mean
value

Standard
deviation

Dry matter

[mg d.m/g f.m]

130

160

150

15.28

Organic matter

[mg o.d. m./g d.m]

63.87

83.14

75.75

9.72

Mineral substances

[mg m.d.m./g d.m]

63.45

81.39

74.25

9.56

CST (capillary suction time)

[s]

579

611

595

16.0

The process of methane fermentation was conducted at a loading of
1.0 g o.d.m./dm3 · d and a temperature of 35oC. At the beginning of the
experimental cycle, 25% of the total feedstock of the tested biomass of
Miscanthus giganteus was added to fermentation tanks for sludge adaptation.
The other part of the substrate was added on the fifth day of incubation. The
kit consisted of a reaction chamber and bags for biogas, connected with each
other in a sealed system. The analysis of biogas was carried out after
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incubation. In order to provide anaerobic conditions, the reactor was
deoxygenated by blowing through with nitrogen before starting fermentation.
The reaction tanks were equipped with a system for biogas discharge and
accumulation and a system for substrate addition. Complete mixing was
assured by use of a laboratory shaker operating at 100 rpm. Thermal stability
at 35oC was achieved by fixing the system of reactors in a thermostatic cabinet.
The time of substrate retention in the reactors was 20 days. Samples were
collected every five days. Analyses were conducted to determine the quantity
and composition of biogas produced (Gas Data xi – a portable analyser
designed for the analysis at the main ingredients of biogas, the measurement
accuracy of CH4, CO2: 3%, others 5%) and the extent of organic substances
removed determined by measuring COD in the dissolved phase (Hach Lange
GMBH LCK 514). Additionally, changes in carbohydrate content were determine with anthrone reagent, as were changes in dry residues (WES 523
gravimetric method).

Results
When the enzymatic mixtures were used, removal of organic compounds
from the plant substrate (expressed as COD) was significantly more effective.
After five days of incubation, the highest effectiveness 62.5%, was observed in
variant III. In the first variant, removal was 58.0%, and a similar value was
obtained in variant II.
During methane fermentation, the utilization of dissolve organic carbon
depended on the enzyme mixture that was used. After 20 days of plant
substrate retention in model fermentation tanks, ranged from 2541 mg O2/dm3
in variant III to 3592 mg O2/dm3 in the enzyme-free variant. With a greater
dose of enzymes, organic compound removal (expressed as COD) was significantly larger (Fig. 1).
During 24-hour incubation of hydrated biomass with the enzymes, glucose
concentration in the dissolved phase increased: 59.3% in variant I, 69.9% in
variant II, and 76.9% in variant III. The initial concentration of glucose in the
technological system fed with Miscanthus biomass after thermal depolymerization was 3.87 mg/dm3. In variant I, the mean glucose concentration was
5.06 mg/dm3, whereas in variants II and III, it was 5.74 mg/dm3 and
5.50 mg/dm3, respectively (Fig. 2). Measurements of glucose concentration
confirmed that pre-treatment by enzymatic hydrolysis significantly increased
hydrocarbon utilization during fermentation. In variants II and III no glucose
was detected in the dissolved phase after 20 days of substrate retention.
In contrast with substrate subjected only to preliminary thermal depolymerizTechnical Sciences
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Fig. 1. Changes in COD value in the dissolved phase over the experimental period with different
technological variants (5* – start of methane fermentation)

ation glucose, content after 20 days of retention was 0.17 mg glucose/dm3. In
variant I, with the lowest dose of the enzymatic multicomplex, the concentrations was 0.04 mg glucose/dm3 (Fig. 2).

Fig. 2. Changes in the concentration of glucose in the dissolved phase over the experimental period
with different technological variants applied (5* – start of methane fermentation)

The greatest decrease in the concentration of dry matter of the plant
substrate during the fermentation process was observed in variant III. It was
50.3% on average and was greater by 5.0% than when only thermal depolymerization was used as pre-treatment. In variants I and II, statistically significant
changes were also observed in the concentration of dry matter when compared
to the samples without enzymatic pretreatment. Content of dry matter at the
beginning and at the end of the experimental cycle are presented in Table 3.
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Table 3
Changes in the concentration of dry matter over the experimental period
Variant

Total dry matter [mg/dm3]
day 1

Decrease in total
dry matter content [%]

day 20

no enzymes

10,062

45.0

I

9,141

50.1

18,310

II

9,316

49.1

III

9,104

50.3

Enzymatic pretreatment significantly increased total biogas production by
about 30%; no significant differences were observed with different doses of
enzymes. Table 4 presents the characteristics of the biogas produced.
Table 4
Characteristics of the quantity and composition of biogas as affected by the experimental variant
Variant
Characteristic

no enzymes

I

II

III

C content in gaseous phase [mol]

0.00534

0.00619

0.00613

0.00648

CO2 content in gaseous phase [mol]

0.002075

0.00198

0.00203

0.00179

CH4 content in gaseous phase [mol]

0.003267

0.00421

0.00410

0.00469

CO2 content [%]

38.8

32.1

33,1

27.6

CH4 content [%]

61.2

67.9

66,9

72.4

Gas production under process conditions [dm3]

0.12

0.17

0.16

0.16

Discussion
Results achieved in this study confirmed the necessity of applying the
pretreatment.
In the reported experiment, changes in COD concentration in the dissolved
phase were monitored during fermentation of Miscanthus giganteus biomass.
In all experimental variants COD was reduced over 85%. As shown in research
described by WEILAND (2003), mesophilic fermentation of mangold roots
enabled 90.0% removal of organic contaminants expressed as COD. DINUCCIO
et al. (2010) investigated the yield and methane content of biogas production
with various substrates including maize, grapes, straw, rice or tomato peels. In
all cases, the content of methane in biogas was around 50% to 60%, which was
significantly less than with Virginia fan petals.
An enzymatically-enhanced fermentation process has been described in
a study by EDER and GUNTHERT (2002), who investigated extraction of the
intracellular substance from microorganisms of excess sludge under technical
Technical Sciences
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conditions in wastewater treatment plants in Augsburg and Holzkirchen. They
achieved a 25% increase in biogas production and also increased loss of organic
matter in the digested sludge. A preparation called Encosol-FT (produced from
cellulase) has been analyzed at laboratory and technical scale in a wastewater
treatment plant in Aachen-Soers. The dry matter content of the sludge
decreased by 9.0%, whilst biogas production increased by 23%. In additions
KIM et al. (2003), have studied the effects of processing organic wastes
originating from restaurants with various methods, namely enzymatic (for
24 hours with doses of enzymes ranging from 0.05 to 0.5%), thermal
(30–120 minutes) and a combined thermal-enzymatic method. The aim was to
enhance the acidogenic phase of fermentation to obtain volatile fatty acids
(VFAs) that would next be used in a wastewater treatment plant as a source of
organic carbon for bio-denitrification. In the case of the dissolved substances,
the greatest recovery of VFA from COD (VFA/COD = 0.55) was observed on
the third day of fermentation of food wastes, whose lysis was enhanced
thermally (temp. 121oC, 60 min) and enzymatically (0.1% dose of a multicomplex of enzymes).
In the present study, changes in the concentration of glucose confirmed the
significant effect of preliminary enzymatic hydrolysis on hydrocarbons utilization. These results resemble those of MICHALSKA at al. (2012). In their study
plant material oxidized under optimal conditions was subjected to enzymatic
hydrolysis using cellulase and cellobiase to determine the influence of this
pretreatment step. They reported that without chemical pretreatment, no
monosaccharides were present in the hydrolysates. This indicates that when
cellulose is not hydrolysed by enzymes, biogas production is impossible. As
reported by Neves and co-authors (NEVES 2006), such great differences
between the values determined for the non-hydrolyzed samples and those
subjected to pre-treatment are due to the fact that pre-treatment of lignincellulose materials leads to disruption of the cross-linking between esters of
uronic acids and xylane chains. This a considerably increases process yield by
facilitating interactions between the enzyme and the substrate. The results
indicate that the application of enzymatic hydrolysis may substantially improve the extent of organic compounds biodegradation during anaerobic
fermentation and contribute to considerably enhanced production of methane.
YANGA et al. (2009) focused on the use of a rush plant Spartina alterniflora,
as a substrate for methane fermentation. Their study found that the methane
content of biogas increased from 53% after 3 days to ca. 62% after 13 days of
fermentation. The rate of the processes was impaired by hydrolysis of lignincellulose substances. The efficiency of organic compounds biodegradation
obtained by these authors reached 45%, which was considerably less than that
obtained with Miscanthus giganteus. The content of methane in biogas
Technical Sciences
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reported by these authors, i.e. 358 m3/t o.d.m., was also remarkably lower than
in the experimental variants in our study.
In the presents study, the content of methane increased from 61.2% in the
variant without enzymatic hydrolysis to 72.4% in variant III with hydrolysis.
The results are in accordance with those reported by MICHALSKA at al. (2012),
who treated biomass from Miscanthus giganteus, Sida hermaphrodita and
Sorghum Moensch with Fenton;s reagent. The highest biogas production with
75% methane content was obtained with Sorghum Moensch. The results of this
three-step process of biomass degradation show the necessity of chemical
pretreatment, such as oxidation with Fenton’s reagent.
NEVES et al. (2006) examined enhanced production of methane from barley
wastes from a coffee production process. They compared two methods of biogas
production. The first consisted in subjecting the wastes to alkaline hydrolysis
before mixing them with sludge from a wastewater treatment plant. This
increased gas volume from 25 m3 CH4/t o.d.m. obtained after fermentation of
barley wastes without pre-treatment to 225 m3 CH4/t o.d.m., and in a dry
matter content decrease from the initial value of 31% to 67% after the
above-described fermentation process. The second method involved mixing
barley wastes with organic (household) wastes, which increased methane
volume to 363 m3 CH4/t o.d.m. and a decreased dry matter content to 61%. In
both cases the content of methane in biogas reached ca. 70% and the experiment lasted for 180 days. In our study, pre-treatment of the substrate resulted
in a similar increase in biogas production and decrease in dry matter content.
Thermal hydrolysis substantially improves performance, with a substantial
consumption of thermal energy. It is likely that low impact pretreatment
methods such as mechanical and thermal phased improve the speed of
degradation, while high impact methods such as thermal hydrolysis or oxidation improve both the speed and extent of degradation (CARRERA 2010).
Differences in results obtained with thermal decomposition are probably due
to differences in alterations of the structure of the biomass samples. The
temperature and pressure of the steam explosion can influence the effectiveness of the pretreatment process (SEBESTYÉN 2013). REQUE at al. (2012) our
results showed a maximum solubilisation and delignification of 53% and 86%
respectively at 200oC and a biomass/solvent ratio of 1:100, i.e., 2.5 g in 250 ml
of water:ethanol mixture (50:50).
The attention of supporters of methane fermentation is not only focused on
the acquisition of cost-effective substrates, but also on the search for methods
of intensifying the technological process (RAS 2011). Improvement of the
effectiveness of biochemical degradation of organic matter affords the possibility of shortening the fermentation process, and thus of reducing equipment
and investment costs (SIALVE 2009). Increasing the production of biogas and
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the degree of mineralization of the substrate poses a contemporary challenge
to scientists and technologists. In particular, the anaerobic decomposition of
substrates is limited by the rate and effectiveness of hydrolysis, the first phase
of fermentation.
The tests were performed on a laboratory scale. The results do not allow to
assess the energy efficiency of the presented pretreatment method. It has been
shown, the use of pretreatment allow to increase energy value obtained from
1 g of the substrate from 0.67 W/g to 1.12 W/g. On a laboratory scale even such
a significant increase in energy yield is not balanced inputs. Provides a basis
for exploration of solutions for use in technical scale, where you can reduce
energy expenditure through the use of, for example, heat exchangers to
preheat the substrate.

Conclusion
Enzymatic hydrolysis of the substrate increased the volume of biogas
produced from 0.12 dm3/g substrate in the samples without enzymes to 0.17
dm3/g substrate in variant I, as well as significantly improving its methane
content (61,2% – without enzymes; 67,9% – variant I; 72,4% – variant III).
The use of the enzymatic complex resulted in significantly more effective
removal of organic compounds, as expressed by COD glucose concentration in
the dissolved phase of the plant substrate. There was also a noticeable decrease
in the dry matter content of the fermented feedstock in all variants in which
the enzymatic multicomplex was administered.
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Abstract
In this paper we briefly review the mathematical models used to describe the bathymetry
changes in time and space. Overview of the models was carried out with particular emphasis on the
problems encountered during the nonlinear equation solution, commonly used to describe the
morphology of the bottom in the coastal zone of the sea. In contrast to the commonly used approach,
it is proposed a linear relationship between volumetric flow of sediments transport rate and thickness
of the layer of sediment grains, closely adjacent to each other and staying in motion. This linear
relationship allows to precisely define the initial – boundary conditions and to apply the numerical
scheme of finite difference method of „upwind” at the accuracy of the first order, not distorted by
numerical errors. The author’s method also allows to implement changes to the description of the
bathymetry of simultaneous changes in the distributions of the sediment grain size.

Introduction
In the coastal zone of the sea there is a strong interaction of waves and
currents on the bottom, which results in almost constant movement of
sediment and the closely related variability of bottom shape. The importance of
the sediment movement within the coastal areas underlines the need for
mathematical description of sediment transport and bottom morphology.
Cyclic erosion and accumulation processes, due to the volume of transported
sediment cause that the local seabed is constantly in dynamic equilibrium.
Thus, to describe the changes in the bottom morphology it is possible to use
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laws of conservation of sediment transport. In order to determine the prediction of changes in bottom morphology and the spatial variation of the transport
flow (both alongshore and cross-shore) in the sea coastal zone, it is possible to
use the numerical models. Morphological models of the coastal zone are
essential means that allow for the prediction of changes in bathymetry within
the coastal zone of the sea as well as the analysis of the bottom level
changeability within the area of coastal structures at the stage of design,
workmanship and usage.
Morphological models describing changes in the transverse profile in the
coastal zone are formed by combining several models describing the causeeffect relationship: waving and current → sediment transport → changes in
bathymetry → changes in waving and currents. At first, depending on the wave
and wave induced current conditions from the sub-model of sediments transport it is required to determine the sediment transport rate. Then, on the basis
of the sediment transport equation (conservation of sediment mass) it is
required to perform bathymetric computations including the continuous redistribution of sediment in time.

Problem definition
Traditional Exner equation which is the basis for the common determination
of bathymetry changes in time and space is based on the nonlinear relationship
between sediment transport rates and elevation of the bottom level. This
nonlinear relationship results that numerical schemes used to describe changes
in bathymetry generate oscillations in the results of the modeling or they are
unstable schemes. Oscillations are usually a sign of instability (dispersity) of
numerical schemes themselves. In order to eliminate or control oscillations, it is
usually necessary to use the solution of the numerical diffusion that causes
smoothing the solution. The application of scheme generating a numerical
diffusion is associated with reduced accuracy of the solution. Any attempts to
„improve” the results have no relation to the actual physical processes occurring
in the coastal zone. Thus, by selecting appropriate parameters you can only try
to describe the bathymetry changes occurring in the past. Morphological models
should serve the correct prediction of changes in bottom morphology instead of
attempts to reflect the previously observed changes.
In particular, the open issue (crucial question) is the determination of
bathymetry changes taking place under the influence of variations in the flow
of sediment transport of non-uniform grain size, and the determination of the
mutual impact of changes in grain size distribution of sediments and evolution
of the bottom profile.
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It should also be noted that when considering the sediment transport in
the coastal zone of the sea, in case of assuming the asymmetric waving (2nd
Stokes’ approximation), customarily it is to operate the flow of the bottom
sediments transport which is resultant in duration of wave period. This
approach causes difficulties associated with the correct formulation of the
boundary conditions in the calculation bottom morphology changes in case
where the resultant stream of sediment transport changes the direction in
space. In addition, handling the sediment transport rates resultant in wave
period means, that in case of symmetric waving (sinusoidal) – where the
sediment transport rate during the wave crest is equal to the absolute value
of sediment transport rate during the wave through (opposite directions)
– a resultant sediment transport rate is zero. As a result of bottom morphology calculations, conducted on the basis of the above assumption, no
bathymetry changes are possible to be obtained which after all does not
correspond to reality (SAWCZYŃSKI 2012).

Morphological models
In order to correctly predict the morphological changes at the bottom it is
required to understand sufficiently the processes occurring in the coastal zone
of the sea and describe them with the language of mathematics by making
appropriate simplifications. Numerical simulations of long-term (years, decades) phenomena led at the significant area of the coastal zone should be
carried out in a different way than the short-term (hours, days) or medium
term (weeks, months, years). Pursuant to the purpose and mathematical
simplification applied in the numeric modeling, the morphological models of
the coastal zone can be divided into three main groups (CHIANG, HSIAO 2011):
(i) models of the coastline (single or multiple lines), (ii) three-dimensional
models and (iii) macromodels.
Models of coastline are forecasting models based on the equation of
transport adapted to describe the evolution of the bottom in cross profile of the
coast and possible in the equation describing the intensity of the alongshore
transport. Two and multiple lines models are also helpful for the analysis of the
specifically selected profiles. For the past twenty years, it has been made
a significant growth of two-dimensional models, taking into account the spatial
vertical dimension and the dimension which is perpendicular to the coast. They
are often described as two-dimensional vertical models – 2DV (DE VRIEND et al.
1993a, HARRIS, WIBERG 2001, HSU et al. 2006, NICHOLSON et al. 1997, RAKHA et
al. 1997, SATO et al. 1995, WANG 1992, ZHANG et al. 1999) with their application
in a short (hours, days) and medium (weeks, months, years) period of time.
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Three-dimensional models also called as coastal zone models are used to
predict the level of the bottom and its variation in the horizontal plane. They
take into account the calculations of sediment transport rates in the alongshore direction and cross- shore direction, arising from the interaction of
waving and wave induced currents in the coastal zone (e.g. BLAAS et al. 2007,
BROWN, DAVIES 2009, HARRIS et al. 2008, HU et al. 2009, LUMBORG 2005, SOUZA
et al. 2007, ZANUTTIGH 2007). These models usually describe the short-term
(hours or days) or medium-term (days or months) evolution of the bottom and
usually have a modular structure. The core of the model is based on the
different sub-models: wave, tidal currents, coastal currents, sediment transport, etc. closely coupled together. The core of the model, by solving the
equation of mass conservation (sediment transport) determines the current
elevations of the bottom level.
Macromodels make a more simplified, usually long-term empirical morphological analysis, based on evolution of trends, experience and gain of local
data. These models can be effective in case of qualitative analysis, but they do
not apply to the quantitative description.
Unfortunately, no morphological computational models, described in the
literature provide valuable information on the spatial and time changes in
bathymetry along with the simultaneously occurring changes in grain size
distributions of the bottom sediment.

The problem of numerical solutions
Changes in the bottom level can be determined by the solutions of the
commonly used equation of conservation of mass (Exner equation, e.g. YALIN,
DA SILVA 2001) for the bottom sediment. For the two-dimensional case this can
be written as follows:
1
∂zb
+
∂t
1 – np
where:
zb
x, y
t
np
q(x), q(y)

–
–
–
–
–

∂q(y)
∂q(x)
+
=0
∂x
∂y

(

)

(1)

bottom level elevation [m],
horizontal space point coordinates [m],
time [s],
sediment porosity [–],
volumetric flow of the sediment transport [m2/s] towards x and y.
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Sediment transport volumetric flow is expressed in the unit [m2/s], which
corresponds to the volume stream of the sediment, referred to the unitary
width [m3/m · s] and it means the volume of the sediment, flowing in time unit
through the rectangular cross-section h · 1 m. In fact, the volumetric flows of
sediment transport: q(x) and q(y) are very complex and complicated function of
many parameters, including waving, wave induced currents, water depth,
density, bed sediment material characteristics (the grain size distribution,
porosity, etc.). Usually, it is assumed constant in time (at each time step)
properties of the sediment and constant fill level. According to these assumptions, it is to determine (from various formulas based on experiments or
theory) volumetric flow of sediment transport, caused by the interaction of
waving and wave induced currents.
In the example shown by JOHNSON, ZYSERMAN (2002), bottom morphology
simulation was performed using the model of MIKE 21 CAMS, the wave
conditions simulation used MIKE 21 PMS model, description of flows was
based on the model of MIKE 21 HD, and the calculations of sediments
transport rates was made using MIKE 21 ST model. Models of MIKE 21 PMS
and MIKE 21 HD are one of the most modern and well tested in many studies
computational packages, used to assess the wave and wave induced current
conditions. So what is the reason for unstable results?
According to JOHNSON, ZYSERMAN (2002), numerical spatial oscillations of
morphological models occur as a result of the relationship between „bottom
form velocity” (called bed celerity) and the elevation of the bottom level
which is a non-linear relationship between sediment transport rate q(x) and
bottom level elevation zb. Thus, in morphological models the basic equations
are nonlinear functions of the level bottom. Sediment transport, which occurs
as a result of wave and wave induced current interactions is also determined
on the basis of the nonlinear complex hydrodynamic relations. These nonlinear relations and numerical errors of the particular sub-models can
generate instability and uncertainty of the results of calculation where the
nature is still poorly understood. Despite the results of individual sub-models
are accurate and stable, their connection with the equation of mass conservation (transport) also leads to instability and numerical oscillation (JENSEN et
al. 1999). These models are therefore not able to accurately (physically) make
a prediction of bathymetry in coastal areas in the vicinity of hydraulic
structures, particularly in long-term simulations (JOHNSON, ZYSERMAN 2002).
Several techniques to improve the stability and accuracy of the solutions
for modeling changes in bathymetry were developed in recent decades. As
shown LONG et al. (2008), a number of cutting-edge computational models
introduces numerical schemes, smoothing oscillations of bottom morphology
evolution results. Delft 2D-MOR model (ROELVINK, VAN BANNING 1994, ROELTechnical Sciences

17(3)2014

224

Szymon Sawczyński, Leszek M. Kaczmarek

et al. 1998) of a research institute of Delft Hydraulics uses an explicit
numerical scheme with central differential quotient of FTCS (Forward Time
Central Space), while at the same time it introduces the correction of the value
of sediments transport rates in order to balance the diffusion generated by the
numerical scheme. University of Liverpool model (O’CONNOR, NICHOLSON
1989, NICHOLSON et al. 1997) uses a two-step numerical scheme of LaxWendroff, taking into account the additional gravitational interactions on
a sloping bottom when determining the sediment transport rate. VINCENT,
CALTAGIRONE (1999) also use a modified Lax-Wendroff scheme along with
LW-TVD scheme (Lax-Wendroff Total Variation Diminishing) with the limitation of the bottom slope. CAYOCCA (2001) uses a numerical „upwind” scheme
with the correction of the sediments transport rate due to the nature of the
bottom slope (DE VRIEND 1987a, DE VRIEND 1987b) and applies filtering
techniques (DE VRIEND et al. 1993a, DE VRIEND et al. 1993b) in order to avoid
oscillation. JOHNSON, ZYSERMAN (2002) shown that the nature of the bottom
slope plays a major role in the instability of the numerical schemes, used to
describe the changes in bathymetry. They expanded their discussion by the
second term of Taylor series, concerning the changes of bottom level over time:
the first term of the derivative with respect to time of the conservation of mass
equation is calculated using the Lax-Wendroff scheme, and the second one is
treated as a diffusion term of the advection equation. Calculation scheme used
is further modified by introducing a LPF (Low Pass Filter) to dissipate random
high frequency oscillation (suggested by JENSEN et al., 1999). In order to solve
the equations of mass conservation, SAINT-CAST (2002) basing on the study of
JIANG et al. (1998), used the NOC scheme (Non-Oscillating Centered) with
a method of upgrading the bottom level (proposed by WATANABE 1988). He did
not introduced into his model any filters or surges. CHIANG et al. (2010), LONG
et al. (2008) and SHAO et al. (2004 ) in order to solve this equation for both
one-dimensional (1D) and two-dimensional (2D) case, used WENO algorithm
(Weighted Essentially Non – Oscillatory) derived from CFD scheme (Computational Fluid Dynamics), presented in papers of LIU et al. (1994), JIANG, WU
(1999). This model, similarly to SAINT-CAST (2002) model is devoid of any
filters or surges.
CALLAGHAN et al. (2006) have subjected to verify the advantages and
disadvantages of morphological in terms of oscillation control. They reviewed
a number of numerical schemes, including among others: „upwind”, LaxWendroff (JOHNSON, ZYSERMAN 2002, VINCENT, CALTAGIRONE 1999), NOC
(SAINT-CAST 2002). LONG et al. (2008) discussed the use of two numerical
schemes of Lax-Wendroff (based on the diagram of MacCormack and Richtmyer) and three schemes of WENO (TVD – RKWENO, used among others by
SHAO et al. 2004, Euler-Weno by LONG et al. 2008 and the two-step, threeVINK
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-level scheme of WENO, also discussed by CHIANG et al. 2010). On the basis of
results numerical schemes review, CALLAGHAN et al. (2006) found that
Lax-Wendroff schemes an any modifications to these schemes are not stable in
case of long-term simulation of the bathymetry changes. Therefore, it is
necessary to supplement these schemes with additional information in the
form of filters, limiters or artificial viscosity to prevent numerical oscillations,
generated by these schemes. Moreover, the authors of models review
shown, that it is difficult to describe the phase velocity of propagation of
bottom forms which is the most important parameter responsible for the
stability of these numerical schemes. The requirement of numerical schemes
stability is usually determined by the condition concerning Courant number,
Δt
namely: Cr = Ca ≤ 1 (Ca is the speed of propagation of bottom forms). Values
Δx
greater than unity suggest that a reduction in simulation time can help to
improve the stability of the numerical schemes. However, it is related to the
increase in demand for computing capacity. If a diffusive term of the transport
equation is properly removed, the limit value of Courant number may be
exceeded (CHIANG, HSIAO 2011). This can be done by introducing a diffusion
constants which are adopted depending on the actual environmental conditions (CAYOCCA 2001, CHIANG et al. 2010, KUROIWA et al. 2003, STRUIKSMA et al.
1985, WATANABE 1988).
It should be emphasized that in order to make the correct long-term
simulation of the bathymetry changes occurring as a result of the interaction of
waves and wave induced currents in the coastal zone, the computational model
should be able to control the spatial oscillations but also to ensure the accuracy
of results, providing at the same time the physics of phenomena. Numerical
schemes used to describe changes in bathymetry generate oscillations in the
results of the modeling or they are unstable schemes, and all attempts to
„improve” the results have no relation to the actual physical processes taking
place in the coastal zone. So, it seems doubtful to find ways to describe changes
in bathymetry with these methods, taking into account simultaneous changes
in the distribution of sediment grain that builds the bottom.

New concept
If we assume that zm means the thickness of cell zm · dx · 1, which is eroded
over time of dt from the cross-shore profile (Fig. 1), as a result of sediment
transport rates of qx with the porosity of np, it is possible to write this down as
follows:
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zm =

1
qx dt
(1 – np) dx

(2)

Furthermore, it is assumed that due to the shear stress influence on the
bottom, the sediment is pulled off directly from the bottom, which is understood as an immediate bottom’s „response” to the particular hydrodynamic
conditions. As a result of this response – in hydrodynamic equilibrium
circumstances – the stream of sediment pulled from the bottom equals (at each
level) the stream of sediments falling onto the bottom. The entire sediment
moving over the bottom originates exclusively from the bottom. Therefore, the
movement of the sediment in the layer above the bottom with the average
speed of implies a kind of sediment movement which takes place at the bottom

∫0 UCdz
H
∫0 Cdz
H

Ū =

(3)

of the layer zm (Fig. 1) described by the relationship (1) with the advance
velocity of UL1:
dx
dt

(4)

Ū
=κ
UL1

(5)

UL1 =
while

In the above equations, H determines the water depth, C is the volumetric
concentration of the transported sediment, U is the velocity of sediment and qx
is the sediment transport rate in hydrodynamic equilibrium conditions.
Conditions of the hydrodynamic equilibrium assume that qx sediment
transport rate that results from Eq. (3) in traditional (e.g. VAN RIJN (1984)
form:
qx = (1 – np) UL1zm

(6)

in the bottom’s layer of the thickness of zm equals the sediments transport rate
above the bottom (Fig. 1) described by the following relation:
qx = Ū ∫0 Cdz
H
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Fig. 1. Concept of the hydrodynamic equilibrium

Essential role in the initiation of sediment movement is played by grains
saltations. Figure 1a shows, that saltation movement of the sediment grains
results in a shift of stroke at the dx length of the total amount of grains with
the equivalent diameter of d = (1 – np)zm. Thus, the saltation movement
(Fig. 1b) of sediment grains with the diameter of d2 > d1, under the influence of
sediments transport rates qx2 > qx1 results in dt time the bottom erosion with
the thickness of zm2 > zm1 in the cell with the length of dx. This means, that
under conditions of hydrodynamic equilibrium, the thickness of zm is the
function of sediments transport rates and the advanced velocity of UL1,
described with the relation of (4) does not depend on it. The above considerations are compatible with Einstein’s conclusions. Based on experimental
observations, EINSTEIN (1950) assumed that the averaged distance travelled by
sand particle between erosion and subsequent deposition, is simply proporTechnical Sciences
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tional to the grain diameter and independent of the hydraulic conditions and
the amount of sediment in motion.
A good experimental illustration of the sediment movement under conditions of hydrodynamic equilibrium is the water flow over the box filled with
sediment (Fig. 1). If the bottom on the outside of the box is concrete, it is not
difficult to imagine that the entire sediment moving over the bottom comes
exclusively from the bottom. With sufficient approximation it can be assumed,
that under steady water flow conditions, erosion of sediment from the box
(Fig. 1a) is caused by the simultaneous (along the entire length dx) grains
strokes, with the total size of zm. In such a case, the bottom sediment erosion is
constant at the entire dx length and it amounts zm (Fig. 1).
It should be at the same time noted, that the saltation movement, occurring
as a form of grains strokes with the simultaneous mass exchange with bottom
may result in change of grain size distribution in the control volume. It can be
assumed that the sediment movement occurs in as short as possible grains
strokes – at the distance of dx/2 allowing the transition from the first to the
second area, as shown in Fig. 2. Then, the thickness of the mixing layer hmj,
defined at j point, according to the formula:

qxj = (1 – np)

dx
UL1
2 zmj = (1 – np)
hmj
2dt
2

(8)

must be equal to:
hmj = 2zmj

(9)

It is assumed, that over time of dt, the half of material that residues at the
bottom, in the cell with a length of dx (Fig. 2) flows out from the area of II and
the other half is moved from the first to the second area and it is mixed with
the sediment, flowing into the area I and resulting in the change of grain size
distribution in the layer of thickness mixing, described with (9) relation.
It should also be noted that for the purpose of considerations concerning
the transport of sediments in the wave motion, it is necessary to introduce the
decomposition of movement into movement associated with the phase of wave
crest (which takes place during the wave crest) and movement associated with
the phase of the wave through (which takes place during the wave through),
see KACZMAREK et al. (2011), SAWCZYŃSKI (2012).

Technical Sciences

17(3)2014

Modeling Bathymetry Changes in the Coastal Zone...

229

Fig. 2. Mixed vertical sediments

The advantages of the new concept
The linear dependence (6), valid under the hydrodynamic equilibrium
conditions was confirmed by the results of laboratory experimental studies
(KACZMAREK et al. 2011, SAWCZYŃSKI 2012). This linear relationship makes it
possible to use the numerical scheme of the first order „upwind” the finite
difference method to solve the proposed equation describing the changes of the
bathymetry in time and space (SAWCZYŃSKI 2012):
1
∂zb
∂qx
+
=0
∂t
1 – np ∂x

(10)

– ensuring an accurate solution. At the same time, the following relation
applies:
zb(x, t + dt) = zb(x, t) +

∂zm
dt
∂t

(11)

It should be noted now, that generally valid relationship between the
resultant (during the wave period) sediment transport rate q(x) and the
elevation of the bottom level zb is a non-linear relationship. In case of nonlinear, the use of the numerical scheme of the first order „upwind” finite
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difference method leads to inaccurate solution of equation (1), as this diagram
is responsible for introducing maximal numerical diffusion to the solution
(SAWCZYŃSKI 2012). Moreover, handling the resultant (within the wave period
duration) sediment transport rate means that in case of symmetrical waving
(sinusoidal waving) it leads to the situation where as a result of bottom
morphology calculations, no bathymetry changes are possible to be obtained
which after all does not correspond to reality (SAWCZYŃSKI 2012). In the case,
where the resultant stream of the sediments transport flow changes the
direction in the space, then there are difficulties with the proper formulation of
issue, associated with the appropriate preset of boundary conditions.
Instances of the above problems are possible to be avoided in case of the
proposed approach – the use of the decomposition sediment transport direction
towards the direction associated with the phase of the wave crest and through,
as well as through the implementation of the hydrodynamic equilibrium
concept. The proposed method allows for a clear definition of the initialboundary conditions and makes it possible to apply the numerical scheme not
distorted by numerical errors. When making calculation based on an authors
concept, as in reality – it is possible to obtain changes in bathymetry even when
the resultant (within the wave period duration) stream of sediment transport
flow is zero and the wave propagates over the sloped bottom (SAWCZYŃSKI
2012).
Postulate of the linear relationship (6) between the sediment transport rate
and the thickness of densely packed grains of sediment in motion also allows
for the introduction of the mathematic description of sediments grain size
changeability in time and space into the calculations of bottom morphology
changes. As it has been shown by SAWCZYŃSKI (2012), the impact of change of
grain size of bottom sediment is crucial for the description of changes in
bathymetry in the coastal zone of the sea. Moreover, the knowledge of grain
size may be crucial, e.g. in planning and conducting silting works associated
with artificial edges supply. Resilting material drawn from the water lanes is
often used to reinforce the edge in the vicinity of ports. In this case, the
knowledge of the grain size distributions of resilting material is necessary, as
for example the use of very fine sand can make the operation of strengthening
the bank useless and unprofitable.
Comparison of the results of calculations performed with the use of the
authors model and results of laboratory experiments is presented in studies:
KACZMAREK et al. (2011), SAWCZYŃSKI (2012), SAWCZYŃSKI et al. (2013). These
comparisons became to be very impressive, including both changes in bottom
morphology as well as changes in bottom sediment grain size distributions.
It should be emphasized that the postulate of the linear relationship (6)
between sediment transport rate qx and the thickness of sediment grains zm in
Technical Sciences
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motion and closely adjacent to each other does not correspond to postulate of
a linear relationship between the sediment transport rate qx and the elevation
of the bottom level zb. The last relationship is still postulated as non-linear.

Conclusions
This paper presents the problems of modeling bathymetry changes. It
indicated the difficulties associated with the solution of the nonlinear transport equation, commonly used to describe the changes in bathymetry in the
coastal zone of the sea. Numerical schemes, used to resolve the non-linear
equation generate oscillations in the results of the calculations or they are
unstable schemes. In order to eliminate or control the oscillations, it is usually
necessary to use the solution of the numerical diffusion that causes smoothing
the solution what is in turn related with the decrease of solution accuracy.
Computational models, based on non-linear relationship between the sediment
transport rate and the elevation of the bottom level are not able to describe the
physical processes occurring in the coastal zone.
In this paper, it is proposed a linear relationship between sediments
transport rate and thickness of the layer of sediment grains, closely adjacent to
each other and staying in motion. The method proposed by authors allows to
precisely define the initial – boundary conditions and to apply the numerical
scheme of finite difference method of „upwind” at the accuracy of the I-st
order, not distorted by numerical errors. This scheme is used to solve the
equations describing the bottom bathymetry changes in time and space. The
possibility to resolve the transport equation concerning the above numerical
scheme, resulting from the use of authors approach, make it possible to
implement (to the description of bottom morphological changes) the simultaneous changes, occurring in distributions of bottom sediment grain size, which
is so far unique matter in the literature. It should be emphasized that the
authors concept of the linear relationship between sediment transport rate and
the thickness of sediment grains in motion and closely adjacent to each other
does not correspond to postulate of a linear relationship between the sediment
transport rate and the elevation of the bottom level. The last relationship is
still postulated as non-linear in modelling of bathymetry changes.
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Abstract
In the article a sensitivity analysis of linear and nonlinear terms in the Kozeny-Carman and
Ergun equations was shown. In the first case the impact of the porosity, tortuosity, specific surface of
the porous body and the model constant was investigated. In the second case the porosity, the particle
diameter and the sphericity function were taken into account. To express the model sensitivity by
numbers, an earlier developed method was used. In this way the order and the importance of the
impact of individual parameters was determined. The motivations to create this article were
questions, which occurred during developing a novel investigation method, linking the Discrete
Element Method and the CFD techniques. The first aim was to predict what will happen, if individual
parameters will be set with an error: which data should be set as accurately as possible and which
data are not very important for the result value. The second intention was to state which of
parameters used in porous media investigations should be expressed by functions and which by
constant values. The article may be treated as set of pointers helping in using of Kozeny-Carman and
Ergun laws or as an example of research methodology based on the sensitivity analysis.

Introduction
A porous medium is a solid matrix containing a sufficiently high amount of
free spaces interconnected, in which fluid flow is possible. The available spaces,
also known as pores, form a complex and often irregular network of flow
channels. The solid part of a porous medium may be in the form of a rigid
skeleton (for example, limestone), a flexible frame (e.g. a layer of fabric) or
a collection of particles: loose or in some way connected to one another (such as
Correspondence: Wojciech Sobieski, Katedra Mechaniki i Podstaw Konstrukcji Maszyn, Uniwersytet
Warmińsko-Mazurski, ul. M. Oczapowskiego 11, 10-957 Olsztyn, phone: +48 89 523 32 40, e-mail:
wojciech.sobieski@uwm.edu.pl.
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soil). Different parts or elements of the skeleton of a porous medium can be
very different in shapes and sizes and may consist of one or a number of
different materials (including inorganic and organic).
The spatial structure of a porous body is usually complicated, which leads
to difficulties in mathematical description of such media. In the literature
many parameters characterizing porous media: porosity, tortuosity, the specific surface on the solid body or particle diameter and sphericity coefficient in
case of porous beds could be mentioned. By years many laws describing the
fluid flows through porous media were developed, too. In these laws, as well as
in other investigations in porous media area, the spatial parameters were
introduced usually as constant values. Is it a good approach if the spatial
structure can be so much complicated? The article is an attempt to answer to
this question.

Basic macro-scale laws for flow through porous media
A fundamental law describing pressure drop in fluid flow through porous
media is Darcy law (1856). It can be applied to flows of gases, liquids or
mixtures. The Darcy’s law may be written as follows (ANDERSON et al. 2009,
HELLSTRÖM, LUNDSTRÖM 2006):

–

1
dp
→
= · (μ · ν f)
κ
dx

(1)

where:
p – pressure [Pa],
x – a coordinate along which the pressure drop occurs [m],
κ – permeability coefficient [m2],
μ – dynamic viscosity coefficient of the fluid [kg/(m · s)],
→
ν f – filtration velocity [m/s].
For low velocity flows, Darcy’s law adequately describes the flow in porous
media (HELLSTRÖM, LUNDSTRÖM 2006). However, as velocities are becoming
higher, discrepancies between experimental data and Darcy’s law calculations
appear. FORCHHEIMER (1901) linked this discrepancy to kinetic effects and
suggested to add to equation (1) a term representing kinetic energy (ANDERSON
et al. 2009, ANDRADE et al. 1999, EWING et Al. 2009, HELLSTRÖM, LUNDSTRÖM
2006):
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dp
1
→
→
= · (μ · ν f) + β · (ρ · ν f2)
κ
dx
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(2)

where:
β – Forchheimer coefficient (also known as non-Darcy coefficient, or β factor)
[1/m],
ρ – density of the fluid [kg/m3].
The equations (1) and (2) may be written in one general form:
–

dp
←
←
= A · (μ · ν f) + B · (ρ · ν f2)
dx

(3)

where:
A and B are functions that presents several model parameters, including the
permeability coefficient or the Forchheimer coefficient. If B is equal to 0, the
formula (3) simplifies to the Darcy law (2), otherwise equation (3) represents
the Forchheimer law.
In the literature many forms of formulas can be found for functions A and
B (KEISHA 2008, SOBIESKI, TRYKOZKO 2001, VUKOVIC, SORO 1992). These
formulas have been used and shown to be adequate for water flow through
sand or gravel with small or average Reynolds number.
One of the most commonly used formulas for function A is the Kozeny-Carman equation. This formula, derived for calculating the permeability κ of
well sorted sand (CARMAN 1937, FOURIE et al. 2007, NEITHALATH et al. 2009),
can be written as follows:

A=

(1 – e)2
1
2
= CKC · τf · S0,Carman
·
κ
e3

(4)

where:
– Kozeny-Carman pore shape factor (a model parameter), which is
CKC
suggested to be equal 5.0 [–] (CARMAN 1937),
τf
– the tortuosity factor [m2/m2] defined as the square of the tortuosity
τ [m/m],
S0,Carman – the specific surface of the porous body [1/m],
e
– the porosity [m3/m3].
Tortuosity is defined as the ratio of the actual length of flow path Lp and the
length L0 of the porous body:
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τ=

Lp
L0

(5)

The specific surface of the porous body is defined as follows – in Carman
approach (CARMAN 1937)
S0,Carman =

Sp
Vp

(6)

where:
Sp – the inner surface of the solid body [m2],
Vp – the volume of the solid body [m3].
Some researchers ignored the tortuosity in the Kozeny-Carman equation,
probably due to difficulties in obtaining the adequate value of tortuosity (DUNN
1999, RAINEY et al. 2008), then equation (4) is simplified to:
2
A = CKC · S0,Carman
·

(1 – e)2
e3

(7)

Some researchers went even further to omit the specific surface of the
porous body from the Kozeny-Carman equation (BUYRUK et al. 2009)
A = CKC ·

(1 – e)2
e3

(8)

or replacing the specific surface by a simple parameter, such as particle
diameter (OGILVIE et al. 2002)
A = CKC · d2 ·

(1 – e)2
e3

(9)

where:
d – is average diameter of the particle [m].
Similar form like (9) is used in the work (RESCH 2008):
A = CKC ·

(1 – e)2
d2 · e 3

(10)

In next work, the author used not the diameter of the particle, but its
radius R [m] (ROSSEL 2004):
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A = CKC ·

(1 – e)2
R 2 · e3

(11)

It should be mentioned that equation (9) is in fact incorrect due to the
inconsistency of units. The function A should be expressed in [1/m2]. A large
discussion about the correct form of the Kozeny-Carman equation the Reader
can find in the work (SOBIESKI 2014).
Review of the literature indicates that the Kozeny-Carman law is very
general, but there are also problems with its use, forcing researchers to
consider various simplifications. The Kozeny-Carman equation is the basis for
creating other formulas. The ERGUN (1952) equation is one of the most
commonly used equations (DUNN 1999, ERGUN 1952, NIVEN 2002). It takes the
following form:

–

[

]

[

]

(1 – e)2
(1 – e)
dp
←
←
= 150 · 3
· (μ · ν f) + 175 · 3
· (ρ · ν 2f )
2
e · (φ · d)
dx
e · (φ · d)

(12)

where φ is the sphericity coefficient [–] and expressions in brackets are the
A and B functions in equation (3), respectively. The sphericity coefficient in
formula (12) is equal to 1 when the particles are spherical shape. In other cases
the value is less than 1. The deviation from ideal sphericity can be calculated by
using different formulas, e.g.: Wadell Roundness, Dobkins and Folk Roundness, Power’s Roundness Classification Chart, Wadell Sphericity, Krumbein
Sphericity, Sneed and Folk Sphericity, Shape Factor, Riley Sphericity and
others. More details you can find in the work (SOBIESKI 2009).

The method of sensitivity analysis
The following impact (sensitivity) indicator is introduced to evaluate the
degree of equilibrium in a system (the effect of the ith input parameter on the jth
output parameter) (SOBIESKI, DUDDA 2014, SOBIESKI, TRYKOZKO 2011,
SOBIESKI 2008):

Ij,i =

out
Δϕ j,i
Δϕ ini

(13)

where:
– indicator of the impact of the ith input parameter on the jth output
Ij,i
parameter,
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Δϕ ini – change in the value of the ith input parameter,
out
– change in the value of the jth output parameter caused by a change in
Δϕ j,i
the value of the ith input parameter.
Increments in formula (13) are defined as follows:
in
in
Δϕ in
i = ϕi – ϕ i

(14)

and
out
out
out
= ϕ j,i
– ϕ j,i
Δϕ j,i

(15)

where:
ϕ in
– current value of the ith input parameter (for which the value of the jth
i
output parameter is estimated),
ϕ in
–
base value of the ith input parameter (from the base model),
i
out
ϕ j,i
– value of the jth output parameter determined for the current value of
the ith input parameter,
out
ϕ j,i – base value of the jth output parameter (from the base model).
A normalized indicator based on values cross-referenced with base values
can be introduced to facilitate comparisons of different numerical models:

Îj,i =

out
Δϕ̂ j,i
Δϕ̂ ini

(16)

where:
– normalized indicator of the impact of the ith input parameter on the
Îj,i
jth output parameter,
in
Δϕ̂ i – change in the value of the ith input parameter relative to its base value,
out
– change in the value of the jth output parameter relative to its base
Δϕ̂ j,i
value, caused by a change in the value of the ith input parameter.
After normalization, formulas (14) and (15) take on the following form:

Δϕ̂ in
i =

in
Δϕ in
ϕ in
i
i – ϕi
=
ϕ in
ϕ in
i
i

(17)

and
out
Δϕ̂ j,i
=

out
out
out
Δϕ j,i
ϕ j,i
– ϕ j,i
out =
out
ϕ j,i
ϕ j,i

(18)

A normalized impact indicator can be expressed as:
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Îj,i =

out
ϕ̂ j,i
in
ϕ̂ i

(19)

where the normalized value of deviation of the ith input parameter is:

ϕ̂ in
i =

ϕ in
i
ϕ in
i

(20)

and the normalized value of deviation of the jth output parameter is:
out
ϕ̂ j,i
=

out
ϕ j,i
out
ϕ j,i

(21)

A normalized impact indicator has the following characteristics:
– the greater the impact of the ith input parameter on the jth output
parameter, the higher the value of the impact indicator,
– the indicator determines which direction of deviation from the base value
of the ith input parameter produces greater changes in the jth output parameter
(decrease or increase in output parameter),
– a negative impact indicator implies that an increase in the value of the ith
input parameter decreases the value of the jth output parameter.

Calculations of the sensitivity indicators
The sensitivity calculation of the linear and non-linear terms in the
Kozeny-Carman and Ergun equation consists of three steps. They are as
follows:
– Calculation of the spatial structure of the porous bed. This step was
reached by using the Discrete Element Method. In the current case the PFC3D
numerical code was used. As the result the data with locations and sizes of all
particles in the porous bed were obtained. More details about the DEM model
may be found in works LIU et al. (2008a and 2008b).
– Calculation of all needed geometrical parameters. Here an own numerical code with the name PathFinder was used (SOBIESKI, LIPINSKI 2014,
SOBIESKI et al. 2012, The PathFinder Project 2013). This software gives
information about the average particle diameter, the porosity, the tortuosity
and the specific surface of the porous body. These values are shown in the
Table 1, as well as the values of the Kozeny-Carman constant and the
sphericity coefficient. All these values define the base model for which the
sensitivity analysis is performed.
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– Performing the sensitivity analysis. In this step other own software was
used (so called „Sensitivity calculator” available as a complementary tool in the
PathFinder project (SOBIESKI, LIPINSKI 2014)). This tool calculates many times
A and B terms for the equation (3) and the base model, but in every loop run
one of these parameters is changed by a normalized deviation of ± 1, 3, 5, 10,
15, 20, 25 or 30%. Results were collected in simple text files and next were

Fig. 1. Influence of parameters e and S0,Carman for Kozeny-Carman A function (τ = const.)

Fig. 2. Influence of parameters e and τ for Kozeny-Carman A function (S0,Carman = const.)
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Fig. 3. Influence of parameters e and d for Ergun A function

Fig. 4. Influence of parameters e and d for Ergun B function

visualized by using Gnuplot scripts (Figures 1–4 were made in such way).
Sensitivity indicators were calculated by using Calc, spreadsheet from the
LibreOffice software.
Note that in the context of this article the value of velocity and fluid
properties like density and viscosity are not important.
Both functions A and B are most sensitive to porosity variations. It can be
seen in Figures 5–7, in which the porosity curve differs significantly to the
other curves in whole range of the deviation value. This result agrees with that
observed by many researchers – the pressure drop in fluid flow through porous
media depends in first order of porosity (see e.g. the review of equations in the
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Table 1
The data of the basic model
Symbol

Value

Unit

Particle diameter

Parameter

d

6.45

[mm]

Porosity

e

0.42

[m3/m3]

τ

1.2376

[m/m]

S0,Carman

915.92

[m2]

Kozeny-Carman constant

CKC

5.0

[–]

The sphericity coefficient

φ

1

[–]

Tortuosity
Specific surface of the porous body

work (SOBIESKI, TRYKOZKO 2011) or (SOBIESKI 2014)). Furthermore, the high
sensitivity to porosity indicates that even small changes in porosity would
result in different results in pressure drop. It is important that both spatial
and temporal changes in porosity (in cases when the porosity is defined as
function of these factors) should be accurately determined for predicting
pressure drops. It should be emphasized that the impact of porosity changes is
in all cases nonlinear. Both models are more sensitive to porosity changes at
lower porosity. This means that local compaction may play a greater role than
dilution in affecting pressure drop.
Table 2
Sensitivity indicators for A and B functions in Kozeny-Carman and Ergun equations
Kozeny-Carman A function

Ergun A function

Ergun B function

Ie

Iτ

IS0

ICKC

Ie

Id

Iφ

Ie

Id

Iφ

I–30

–11.07

1.70

1.70

1.00

–116.25

–3.47

–3.47

–76.74

–1.43

–1.43

I–25

–9.23

1.75

1.75

1.00

–41.82

–3.11

–3.11

–29.11

–1.33

–1.33

I–20

–7.80

1.80

1.80

1.00

–18.76

–2.81

–2.81

–13.8

–1.25

–1.25

I–15

–6.68

1.85

1.85

1.00

–10.29

–2.56

–2.56

–7.95

–1.18

–1.18

–10

–5.78

1.90

1.90

1.00

–6.75

–2.35

–2.35

–5.42

–1.11

–1.11

I–5

–5.05

1.95

1.95

1.00

–5.17

–2.16

–2.16

–4.27

–1.05

–1.05

I–3

–4.79

1.97

1.97

1.00

–4.79

–2.09

–2.09

–3.98

–1.03

–1.03

I–1

–4.56

1.99

1.99

1.00

–4.56

–2.03

–2.03

–3.81

–1.01

–1.01

I1

–4.34

2.01

2.01

1.00

–4.34

–1.97

–

–3.64

–0.99

–

3

–4.14

2.03

2.03

1.00

–4.04

–1.91

–

–3.42

–0.97

–

I5

–3.95

2.05

2.05

1.00

–3.86

–1.86

–

–3.28

–0.95

–

I10

–3.54

2.10

2.10

1.00

–3.08

–1.74

–

–2.68

–0.91

–

I15

–3.18

2.15

2.15

1.00

–2.24

–1.63

–

–2.02

–0.87

–

I20

–2.88

2.20

2.20

1.00

–1.52

–1.53

–

–1.42

–0.83

–

25

I

–2.63

2.25

2.25

1.00

–0.98

–1.44

–

–0.96

–0.8

–

I30

–2.40

2.30

2.30

1.00

–0.62

–1.36

–

–0.62

–0.77

–

I

I
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Fig. 5. Sensitivity indicators of Kozeny-Carman A function (Equation 4)

Fig. 6. Sensitivity indicators of Ergun A function (Equation 12)

Sensitivity analysis indicates that in the Kozeny-Carman model the tortuosity (the tortuosity factor) and specific surface have the same impact on the
results. This is due to the fact that both of which are present in the formula (4)
in the second power. The Kozeny-Carman constant has the weakest impact on
the function what results from their linear relationship.
In the Ergun model significant discrepancies can be seen between porosity
impact and impact of the other parameters. The scale of changes in the
Technical Sciences
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Fig. 7. Sensitivity indicators of Ergun B function (Equation 12)

B function is less than in the A function, what means that the nonlinear part of
the Ergun equation plays smaller role as the linear part. It was observed
already in the work (SOBIESKI, TRYKOZKO 2011). It should be added that the
negative indicator value means that the increase of input parameter leads to
decrease of the expected result.
The effect of various parameters on functions A and B are shown in
Figures 1–4. The central dot on these figures denotes the result for the baseline
parameter values. It can be seen again the predominant effect of porosity.
Since the sensitivity indicator values for tortuosity, specific surface of the
porous body, and the Kozeny-Carman constant are a few times smaller than
sensitivity indicator for the porosity, one can conclude that the effect of these
parameters (τ, S0,Carman, and CKC) could be neglected in the cases studied here
(typical). For small variations (in range of a few percents), the influence of all
parameters is similar, including porosity. Although porosity effect is still
dominant, the effect of tortuosity and specific surface is not negligible. This
situation can be a reason why in the Ergun formula (created later than the
Kozeny-Carman formula) these small factors are not included. In empirical
investigations leading to general estimations this approach can be accepted,
but when a physical side of phenomenon is on the first place, such a simplification should not take place.
An important feature of the Ergun equation is the use of particle diameter as
a model parameter. In real systems this diameter may vary in certain range and
the average diameter must be therefore used. As may be seen in Figures 3, 4
this parameter has impact on values of A and B functions, and in turn on the
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total pressure drop in the porous bed. It can be concluded that differences in
particle size or particle distribution will influence on the result. Alternatively,
a new function to the Kozeny-Carman or Ergun equations may be added: its
value should be equal to one for porous beds consisting of particles with
constant diameter and higher then one, if diameters are different.

Summary
The final conclusions are as follow:
– Porosity is the most important parameter in terms of its impact on the
pressure drop in porous media, when the Kozeny-Carman and Ergun equations are used.
– The impact of the porosity is nonlinear for both Kozeny-Carman and
Ergun equations; the impact is more pronounced at lower porosity.
– Functions A and B both Kozeny-Carman and Ergun equations are very
sensitive to porosity, therefore, porosity should be treated as a function of
location and time in a porous bed when predicting pressure drops.
– The impact level of the tortuosity and the specific surface on the result of
Kozeny-Carman equation is the same, and the Kozeny-Carman constant has
the least impact.
– The specific surface may be described as a function of location or time
similar like the porosity function.
– The tortuosity did not have locally values due to the definition. For this
reason an average value (calculated for many different paths) should be used in
investigations. The application of a function is here limited, but it is possible to
define a relationship between coordinates in the cross section of the porous bed
in the plane perpendicular to the main flow direction an the tortuosity value.
– The particle diameter and the sphericity coefficient have the same effect
on the result of the Ergun equation. In porous beds case, the porosity,
tortuosity and other spatial parameters are dependent on the diameters
distribution. For this reason diameter should be expressed with the use of
more general formula
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Abstract
A dynamic model of a truss telecommunication tower was developed. A viscoelastic absorber was
proposed for reducing structural vibrations caused by wind. Small linear system vibrations were
assumed. A finite element three-dimensional model was used to determine the damper viscoelastic
parameters which guarantee the highest damping effectiveness. Simulation results indicate that
a damper can reduce the amplitude of tower vibrations by half and produce a similar reduction in
forces acting upon the most loaded members of the structure.

Introduction
Truss structures are characterized by significant stiffness and low weight,
and they are often used as supports for power transmission lines (ALBERMANI
et al. 2009, SHEA, SMITH 2006) and telecommunication towers (DA SILVA et al.
2005, SULLINS 2006, BARLE et al. 2010). The structure of a telecommunication
tower should safely bear the load of the service platform and the antennas, and
it should effectively resist wind action. The load bearing requirements for
telecommunication towers exposed to static load and wind load are set by the
applicable regulations, and the forces acting upon the tower are determined in
view of the relevant climate zone and orography of the location. Telecommunication towers are characterized by a considerable slenderness ratio, which is
why truss structures have to be additionally checked for sensitivity to dynamic
wind loads. The structure has to be protected against fluctuating character
of wind-induced forces causing significant dynamic response, which may lead
*
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to damaging effects (HOLMES 2007). Excessive displacement of the top part of
the tower can also distort signal transmission (JONES et al. 2007). According to
applicable design codes, the tower sensitivity to wind loading is determined
based on the values of its fundamental vibration period and the logarithmic
decrement of damping. A coefficient that increases static wind load is adopted
for wind-sensitive towers.
In wind-sensitive truss towers, the adverse effects of dynamic wind action
are minimized by increasing the cross-section of rods, and thus the fundamental frequency in order to avoid resonant responses of the structure. Consequently, the operation increases weight of structure. Vibration dampers pose
a solution for structure amplitudes decrease and they do not compromise the
low weight of telecommunication towers, which is the main attribute of truss
structures. In very large self-supporting lattice towers, dampers are an essential part of the structure which significantly reduce material requirements. QU
et al. (2001) relied on the bi-model method to perform a dynamic analysis of
a television tower with the total height of 339 m, including the mast. The tower
was provided with friction dampers.
In this paper, a damped dynamic absorber was used to reduce the vibrations of a telecommunication tower. A dynamic model was developed to analyze
the tower dynamic attributes and determine damper parameters. The vibration of a 3D model had to be analyzed to account for the possibility of
omni-directional wind. For this reason, the analytical approach proposed by
ŁATAS and MARTYNOWICZ (2012) could not be used in the study, and numerical
methods implemented in Finite Element Method (FEM) software (RAKOWSKI,
KACPRZYK 2005) were applied instead.
The method of reducing the vibration of a truss tower was presented on the
example of a real structure comprising a 40 m-tall tower with an equilateral
triangle cross section. The width of the tower sides is reduced with height. The
tower is divided into seven segments which are determined by leg crosssections.

Static and dynamic behavior of a computational model
A service platform and antennas with the combined weight of 450 kg are
installed at the apex of the truss tower (Fig. 1 a, b). It has been assumed that
identical point masses with total mass equal to the mass of the service platform
exist at three apex points D, E and F. The tower is made of steel with Young’s
modulus of E = 2.0 · 1011 Pa and Poisson’s ratio of ν = 0.3.
The analyzed structure comprises rods which are equal-sided angle sections joined with screws. For this reason, the computational model should be
Technical Sciences

17(3)2014

Passive Vibration Damping...

251

Fig. 1. Transmission tower model: a – xz view, b – xy view, c - 1st eigenmode

a 3D truss, but such structures cannot be analyzed by FEM in classic way due
to the presence of out-of-plane nodes that contribute to the model mechanical
instability. In this case, the movement of out-of-place nodes can be automatically blocked (PELC 2012) or a frame model with reduced flexural stiffness of
rods can be applied. The tower is to be treated as a truss structure, and it was
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assumed that rods are circular cross section elements with cross-sectional area
of angle sections and the corresponding moments of inertia. Three-dimensional 2-noded linear truss finite elements and elastic straight beam finite
elements were applied in truss model and in frame model of the structure,
respectively. Proportional internal (material) damping model was used.
A structural damping coefficient of ξ = 0.07 was adopted for steel structures
fastened with screws (ADAMS, ASKENAZI 1999).
The MSC Marc FEM program was used in simulations. An initial analysis
of the tower mechanical properties involved determination of its compliance
with a horizontal force of variable direction applied to apex point S (Fig. 1).
The displacement δ of an apex point of an equilateral triangular truss was
identical to that observed at the end point of an axisymmetric cantilever
column (Fig. 2).

Fig. 2. Displacements of the tower apex subjected to a force of varying direction: 1 – x-axis
displacement, 2 – y-axis displacement, 3 – displacement in the direction of the applied force, α – force
angle to the x-axis

The eigenfrequencies of various models were analyzed to define the dynamic model of a truss tower. Eight initial eigenvalues of the tower with the
service platform, and displacements of the apex point caused by static wind
loads in the direction of the y-axis, perpendicular to one of the tower faces, are
shown in Table 1. The forces acting upon truss nodes due to wind pressure
were determined based on the area of structural elements exposed to wind and
wind speed profiles at the tower location. The resultant force of static wind
loads in the direction of the y-axis was 27.22 kN. This value is a result of the
action of wind pressure on the structure under consideration according to
applicable design code. The wind pressure values (Pa) were assumed for the
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consecutive height intervals (m): 0-10: 491; 10-16: 537; 16-40: 688. Percentage
differences between the results calculated for frame models and the truss
model were given. The author’s method for automatic elimination of mechanical instability was applied in the analysis of truss model. Calculations were
performed for the following tower models:
– truss model with blocked movement of out-of-place nodes,
– frame model with identical moments of inertia of rod cross-sections
(I–identical),
– frame model with minor moments of inertia of rod cross-sections
(I = Imin),
– frame model with minor moments of inertia reduced 5-fold (I = 0.2 · Imin).
The minor moments of inertia of rod cross-sections are the minor moments
of inertia of cross-sectional area of equal-sided angle sections which are the
structural elements of the analyzed tower. In cases where identical moments of
inertia were determined for all rods, the value of the minor moment of inertia
of an angle section with the largest cross-section was adopted.
The shape of 1-4 eigenmodes was characteristic of a cantilever beam.
Eigenmodes with nearly identical frequencies correspond to the curvature of
the tower axis in two mutually perpendicular planes.
The global stiffness of the frame model with reduced rod flexural stiffness
is nearly identical to that of the truss model, but its dynamic behavior differs
most considerably from that of a truss structure. For this reason, a frame
model with identical moments of inertia of rod cross-sections was used in
vibration analysis.
Table 1
Dynamic and static parameters of different tower models
Eigenmode

Truss

Frame
I-identical

1

1.414

1.372

1.365

1.363

–2.9

–3.4

2

1.414

1.372

1.365

1.363

–2.9

–3.4

–3.6

3

6.325

5.965

5.866

3.910

–5.7

–7.3

–38.2

4

6.325

5.965

5.866

3.910

–5.7

–7.3

–38.2

vst

0.1355

0.1339

–0.21

–0.05

No.

Frame
I = Imin

Frame
Frame
I = 0.2 · Imin I-identical

Frequency [Hz]

Frame
I = Imin

Frame
I = 0.2 · Imin

Difference [%]
–3.6

Displacement of the tower apex [m]
0.1353

0.1355

–1.23

Dynamic vibration absorber
A dynamic vibration absorber installed directly under the service platform
in the top part of the tower was proposed. The mass element of the absorber
m was connected with apex nodes of the tower legs with the use of three
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viscoelastic elements as shown in Figure 3. The elements were modeled with
the use of MSC Marc SPRINGS model definition option in the form of
springs/dash-pots. Appropriate values of stiffness and damping coefficients
were being entered.

Fig. 3. Diagram of a damped dynamic absorber

The most dangerous vibrations result from fundamental eigenmode associated with the lowest natural frequency. A damped dynamic absorber has to
be tuned to reduce vibrations caused by wind gusts with near fundamental
frequency. A dynamic absorber for damping vibrations in a system with one
degree of freedom was analyzed in detail by DEN HARTOG (1956). The tower
analyzed in this study is characterized by multiple degrees of freedom, but the
formulas proposed by the above author can be used to determine the parameters initial values for a dynamic damper. A dynamic vibration absorber can
be precisely tuned during numerical experiments. Based on the theory for
dynamic dampers, it was assumed that absorber mass m = 76.8 kg is equal to
μ = 1/10 of damped mass M, in this case, the modal mass of the tower first
eigenmode. When the above mass was incorporated into the tower and viscous
elements were blocked (high values of parameter c), successive system frequencies decreased by 4% and 1%, respectively. When a simplified model with
two degrees of freedom (modal mass – damper mass) is assumed, the values of
parameters k and c can be estimated, on the requirement that the amplitude
magnification factor has the lowest value at extreme points. The above can be
achieved if the circular frequency of vibrations of isolated damper mass ω t
relative to the fundamental eigenfrequency of a system without a damper ω1
fulfills the following condition (DEN HARTOG 1956):

ϕ=
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Since

ωt =
then

k=

√

ky
m = ϕ ω1

2
2
ky = ϕ 2ω 21 m
3
3

(2)

(3)

In a dynamic vibration absorber with viscous damping, the optimal value of
damping coefficient cy can be determined with the use of the formula:
cy
cy
=
=
2m ω1
ckr

√

3μ
8(1 + μ)3

(4)

and coefficient c can be calculated for every viscous element:

c=

√

4
2
3μ
cy = m ω 1
3
3
8(1 + μ)3

(5)

The parameters necessary for the creation of the computational model
of a tower with a dynamic vibration absorber were calculated with the use
of the above formulas. Obtained values are as follows: k = 3141 N/m and
c = 141 Ns/m.
The initial values of the frequency spectrum of a tower with a dynamic
damper were determined at 1.13, 1.13, 1.51, 1.51, 5.96, 5.96 Hz. Frequencies
related to the attached damper were noted in a tower frequency spectrum, and
the fundamental frequency relating to the modal mass of the first eigenmode
was changed. Higher eigenfrequencies, i.e. the third eigenfrequency and
upwards, did not change when a damper was incorporated into the analyzed
structure.
The model was subjected to wind loads within the frequency range of
1.0-1.7 Hz. Frequency variations of forces acting upon truss nodes were
established based on the previously determined spatial distribution pattern
and the resultant amplitude of Fy = 27.22 kN.
The maximum relative displacement of the tower apex S was vS/vst = 3.1,
and it was observed in the first resonant zone of 1.13 Hz. Relative displacement
of damper mass reached vt/vst = 5.9 at the same frequency. Attempts were made
to reduce the displacement by changing the value of damping coefficient c.
The system response to the introduced changes is presented in Figure 4.
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Fig. 4. Relative displacement amplitude of the tower apex and the damper with respect to the tower as
a function of the damping coefficient: 1 – tower apex point, 2 – damper

Within the analyzed range of values of damping coefficient c, the relative
displacement of damper mass was highly sensitive to the introduced changes,
whereas minor changes were noted in the displacement amplitude of the tower
apex.
Dampers with tuning ratio ϕ close to unity have been discussed in
literature. For this reason, the effect of tuning on the amplitude of fundamental vibrations of the tower and damper mass were analyzed. Damper mass was
modified. Damper parameters c and k were calculated with the use of formulas
(1)-(5). Changes in parameter μ led to insignificant changes in the values of the
first four eigenvalues, but yet the changes were taken into account in calculations. The relative values of amplitudes in the system first resonant zones are
presented in Figure 5.
The data shown in Figure 5 indicates that the tower vibration amplitude is
lowest when the damper mass-modal mass ratio equals 0.1. When damping
parameters reach the values suggested by DEN HARTOG (1956), the amplitude
of damper vibrations is high. Based on the diagrams presented in Figure 4, the
value of parameter c should be increased to c = 193 Ns/m when μ = 0.1. In this
case, vibration amplitude is 7% higher than the minimum value, but damper
vibrations are significantly reduced, which has important sense in its structural implementation.
Based on the performed calculations, the relative amplitude of vibrations
caused by wind gusts with the first resonant frequency (1.37 Hz) was determined at 7.3 in a tower without a damper. In a tower with a blocked absorber
mass, vibration amplitude was only 0.01 lower at first-order resonance
(1.32 Hz).
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Fig. 5. Relative displacement amplitude of the tower apex (vS) and the damper with respect to the
tower (vt) as a function of coefficient μ: f1 – first-order resonance

Conclusions
A dynamic vibration absorber significantly reduces the amplitude of
a tower fundamental vibrations. In the analyzed case, extreme displacements
were reduced by 54% when damper movements were restricted. Similar
reductions are observed in internal axial forces of truss rods. As the result,
rods with a smaller cross-section can be applied, and the above solution
reduces material requirements. The theory describing the principles of dynamic vibration damping in a system with one degree of freedom can be used in
preliminary analyses of vibration damping in systems with multiple degrees of
freedom. FEM software can be used to tune dampers for complex 3D mechanical systems.
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Abstract
Selected physical properties of Scots pine seeds harvested from five plantations in north-eastern
Poland were determined. Seed color was determined in a sensory analysis, and seeds were classified
into one of four color groups: black, brown, gray or other. The results of measurements were used to
calculate indicators of seed weight and seeds’ frictional and geometric properties. Physical attributes
and indicators were compared by one-way analysis of variance, correlation analysis and linear
regression analysis. The average values of physical properties and indicators characterizing seeds
from different color groups were determined at: critical transport velocity – from 7.0 to 7.1 m · s–1,
thickness – from 1.48 to 1.50 mm, width – from 2.51 to 2.54 mm, length – from 4.32 to 4.46 mm, angle
of sliding friction – from 29.1 to 29.8o, weight – from 6.4 to 6.7 mg, coefficient of sliding friction – from
0.56 to 0.58, arithmetic mean diameter – from 2.77 to 2.82 mm, geometric mean diameter – from 2.52
to 2.55 mm, aspect ratio – from 56.91 to 58.64%, sphericity index – from 57.44 to 58.69%, specific
weight – from 2.51 to 2.60 g · m–1, volume – from 7.90 to 8.24 mm3 and density – from 0.80 to 0.82
g · cm–3. Selected color groups differed only in length, aspect ratio and sphericity index. Seed weight
was most highly correlated with the remaining attributes, and the highest value of the correlation
coefficient and the equation with the highest value of the coefficient of determination were reported
for the correlation between seed weight and thickness.
Symbols:
Da – arithmetic mean diameter, mm,
Dg – geometric mean diameter, mm,
m – seed weight, mg,
mD – specific seed weight, g · m–1,
R – aspect ratio, %,
SD – standard deviation of trait,
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T, W, L – seed thickness, width and length, mm,
v – critical transport velocity, m · s–1,
V – seed volume, mm3,
x – average value of trait,
xmax, xmin – maximum and minimum value of trait,
γ – angle of static friction on steel, o,
μ – coefficient of static friction on steel,
ρ – seed density, g · cm–3,
Φ – sphericity index, %.

Introduction
Scots pine (Pinus sylvestris L.) is a popular species in Central and Northern
Europe and Eastern Siberia (WRIGHT et al. 1966, PUCHNIARSKI 2008, TURNA,
GUNEY 2009, BRUS et al. 2011, JAWORSKI 2011). It is the predominant species in
Poland, and together with other coniferous trees, it occupies nearly 75% of
Polish forests (MURAT 2002, PUCHNIARSKI 2008, JAWORSKI 2011). Scots pine
thrives on deep soils, sand, loamy sand and light loam, and it is resistant to
significant temperature fluctuations in the continental climate. The Baltic
countries offer optimal conditions for the growth of the Scots pine (PUCHNIARSKI 2008, JAWORSKI 2011).
Scots pine trees growing in open space begin to produce seeds already at the
age of 10 years. Seeds can be harvested from plantations. Plantations are
established with the use of drafts of selected cultivars. Mixed seedlings are
widely spaced to support interspecific hybridization and the production of high
seed yields with improved genetic traits (TROJANKIEWICZ, BURCZYK 2005,
˘ LU 2010, JAWORSKI 2011).
PUCHNIARSKI 2008, SIVACIOG˘ LU, AYAN 2008, SIVACIOG
In Poland, high-quality Scots pine seeds are harvested from plantations of 13
to 15-year-old and older trees (WESOŁY et al. 1984).
Seed yield and seed quality are determined by numerous factors, including
geographic location, type of habitat, soil type, nutrient availability, genetic
traits, age of tree stand, tree size, location of cones in the tree crown, weather
conditions during cone and seed development, prevalence of diseases and pests
harmful for cones and seeds (KLUCZYŃSKI 1992, ZAŁĘSKI 1995, PALOWSKI 1998,
CASTRO 1999, OLEKSYN et al. 2001, BURACZYK 2002, KARLSSON, ÖRLANDER
2002, MOLES, WESTOBY 2003, BODYŁ, ZAŁĘSKI 2005, BODYŁ et al. 2007,
˘ LU, AYAN 2008, TURNA, GÜNEY 2009, SEVIK et al. 2010, SIVACIOG
˘ LU
SIVACIOG
2010). Seed quality can be modified during extraction, storage and pre-sowing
treatments (ZAŁĘSKI 1995, JANSON, ZAŁĘSKI 1998, ANIŚKO et al. 2006, BODYŁ
et al. 2007, ANISZEWSKA, PETRENKO 2012).
Scots pine seeds differ in color (ZAŁĘSKI 1995, SEVIK et al. 2010), and this
trait is significantly influenced by cone shape (ANISZEWSKA 2006). The aim of
this study was to determine whether Scots pine seeds from various color
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groups differ in physical attributes, such as critical transport velocity, geometric dimensions, angle of sliding friction and seed weight, as well as indicators
calculated based on the above physical properties, including coefficient of static
friction, arithmetic and geometric mean diameter, aspect ratio, sphericity
index, specific weight, volume and density. The correlations between the
physical attributes of Scots pine seeds were determined by the linear regression method to account for the documented influence of seed weight on
sprout development and seedling growth (MIKOLA 1980, CASTRO 1999, SHANKAR 2006, UPADHAYA et al. 2007, WU, DU 2007, CASTRO et al. 2008, NORDEN et
al. 2009, BURACZYK 2010) and low efficiency of seed separation based on the
above trait. Linear regression equations can be used to plan separation
processes in conventional cleaning machines (pneumatic and screen separators).

Materials and Methods
The experimental material comprised five batches of Scots pine seeds from
extraction plants in Ruciane-Nida and Jedwabno, harvested from five seed
regions in three forest regions of north-eastern Poland (Fig. 1). The analyzed
seed batches were harvested from the following tree stands:
a) registration No. MP/3/41012/05, region of origin – 456, municipality –
Łomża, geographic location – 53.12oN, 22.07oE, forest habitat – fresh mixed
forest, age – 13 years (symbol: P-13),
b) registration No. MP/3/41008/05, region of origin – 252, municipality –
Mały Płock, geographic location – 53.30oN, 22.07oE, forest habitat – fresh
mixed forest, age – 20 years (symbol: P-20),
c) registration No. MP/3/41106/05, region of origin – 103, municipality –
Braniewo, geographic location – 54.40oN, 19.83oE, forest habitat – fresh mixed
coniferous forest, age – 24 years (symbol: P-24),
d) registration No. MP/3/41102/05, region of origin – 106, municipality –
Zalewo, geographic location – 53.77oN, 19.58oE, forest habitat – fresh mixed
coniferous forest, age – 31 years (symbol: P-31),
e) registration No. MP/3/41094/05, region of origin – 451, municipality –
Wiśniewo, geographic location – 53.08oN, 20.35oE, forest habitat – fresh mixed
coniferous forest, age – 38 years (symbol: P-38).
Seed batches were divided by halving (ZAŁĘSKI 1995). The analyzed material was halved, and one half was randomly selected for successive halving.
The above procedure was applied to produce samples of around 100 seeds each.
The analyzed seed batches had the following size: P-13 – 107, P-20 – 106,
P-24 – 106, P-31 – 107, P-38 – 105.
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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 measurements 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):
T+W+L
3

(2)

Dg = (T · W · L)1/3

(3)

Da =

W
· 100
L

(4)

(T · W · L)1/3
· 100
L

(5)

R=

Φ=

– specific weight (KALINIEWICZ 2013):
mD =

m
Dg

(6)

– volume, based on the coefficient determined experimentally by KAet al. (2012b):

LINIEWICZ

V = 0.487 · T · W · L

(7)

– density:

ρ=

m
V

(8)

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 regression 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, SIVACIOG˘ LU,
AYAN 2008, CARRILLO-GAVILÁN et al. 2010, SEVIK et al. 2010, SIVACIOG˘ LU 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
Property/
/indicator
v
T
W
L
γ
m
μ
Da
Dg
R
Φ
mD
V
ρ

Batch of seeds
P-13
x ± SD

P-20
x ± SD

P-24
x ± SD

P-31
x ± SD

P-38
x ± SD

7.18 ± 0.47a
1.53 ± 0.14a
2.57 ± 0.26a
4.53 ± 0.44a
27.4 ± 3.87d
7.1 ± 1.41a
0.52 ± 0.09d
2.87 ± 0.20a
2.60 ± 0.17a
57.10 ± 7.70bc
57.73 ± 4.31b
2.73 ± 0.40a
8.70 ± 1.73a
0.83 ± 0.10a

6.82 ± 0.39b
1.45 ± 0.14c
2.50 ± 0.24ab
4.19 ± 0.42c
30.1 ± 4.00b
6.0 ± 1.30c
0.58 ± 0.10b
2.71 ± 0.22c
2.47 ± 0.19c
60.01 ± 6.28a
59.25 ± 4.13a
2.41 ± 0.35c
7.50 ± 1.74c
0.81 ± 0.07ab

7.06 ± 0.49a
1.50 ± 0.15ab
2.56 ± 0.24a
4.54 ± 0.38a
31.2 ± 3.02a
6.9 ± 1.53a
0.61 ± 0.07a
2.87 ± 0.21a
2.59 ± 0.19a
56.62 ± 4.74c
57.22 ± 3.35b
2.62 ± 0.42b
8.61 ± 1.87a
0.80 ± 0.06b

7.13 ± 0.46a
1.48 ± 0.16bc
2.51 ± 0.23ab
4.37 ± 0.45b
28.4 ± 2.87c
6.5 ± 1.59b
0.54 ± 0.07c
2.79 ± 0.23b
2.53 ± 0.20b
57.81 ± 5.79bc
58.19 ± 3.94ab
2.52 ± 0.43bc
8.03 ± 1.98b
0.81 ± 0.07ab

7.07 ± 0.42a
1.48 ± 0.12bc
2.48 ± 0.20b
4.25 ± 0.40c
29.3 ± 3.49bc
6.2 ± 1.23bc
0.56 ± 0.08bc
2.74 ± 0.19bc
2.50 ± 0.17bc
58.80 ± 5.90ab
58.99 ± 3.64a
2.47 ± 0.34c
7.67 ± 1.56bc
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

Black

Brown

Gray

Other

All

Property

T

W

L

γ

m

ρ

v
T
W
L
γ
m

0.699
1

0.362
0.548
1

0.187
0.325
0.369
1

–0.222
–0.169
–0.043
0.004
1

0.591
0.775
0.736
0.658
–0.106
1

0.122
–0.095
–0.255
–0.184
–0.075
0.137

v
T
W
L
γ
m

0.594
1

0.344
0.629
1

0.205
0.353
0.350
1

–0.112
–0.145
–0.012
0.066
1

0.556
0.767
0.709
0.657
–0.075
1

0.130
–0.221
–0.277
–0.269
–0.080
0.109

v
T
W
L
γ
m

0.658
1

0.296
0.510
1

0.102
0.339
0.452
1

–0.251
–0.163
–0.112
0.093
1

0.561
0.802
0.692
0.653
–0.170
1

0.266
0.046
–0.208
–0.177
–0.209
0.269

v
T
W
L
γ
m

0.722
1

0.347
0.513
1

0.085
0.254
0.303
1

–0.162
–0.069
0.166
0.182
1

0.547
0.751
0.730
0.594
0.113
1

0.060
–0.106
–0.245
–0.205
–0.066
0.147

v
T
W
L
γ
m

0.667
1

0.349
0.557
1

0.175
0.336
0.378
1

–0.200
–0.166
–0.049
0.028
1

0.577
0.779
0.723
0.657
–0.113
1

0.150
–0.099
–0.249
–0.206
–0.094
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 (SIVACIOG˘ LU 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
˘ LU, AYAN 2010). Relatively strong correlations were
pine seeds (SIVACIOG
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 parameters 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 determination 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
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collecting bucket to separate the heaviest seed fractions. The proposed approach 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. Significant 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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Abstract
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,
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recording and evaluation of selected information and data on the state of
a particular system (organization, management, goods quality, safety, environment, operation of machinery) is used to assess the functioning of the
organization, management and quality (product supply, safety, the environment, 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 diagnostic 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 innovation (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 perceived as new by users (HAMROL, MANTURA 1998, ŻÓŁTOWSKI M. 2011).
Creative design innovation in the exploitation strategy funds include: principles 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, developTechnical Sciences
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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, manufacturing 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. Knowledgebased 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 knowledge, 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. Transferred 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 strategies for technical measures. These include mainly the principle of creativity,
innovative organizational structures and problems algorithmisation innovaTechnical Sciences

17(3)2014

278

Bogdan Żółtowski, Mariusz Żółtowski

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.
Technical Sciences
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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 degradation, 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 technique:
– 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 „product 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, SYSTEM REPAIR API PRO, SYSTEM IMPACT XP 217, IFS SYSTEM, SYSTEM
ISA – BPCS. Integration of product lifecycles describes – PLM, LCM, knowledge 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, highlighting the issues of exploitation resources and production structures including:
– principles of creativity, innovative organizational structures;
– algorithmization of problems of innovative production company;
– the primers creative organization and functioning of companies exploitation 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 machines. 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 multidimensional diagnostic information in clinical programmable.
In practical applications, the preparation procedures (primers) for processing 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 formalism – after projecting constituent symptoms on axes x, y, z respectively.
The following algorithm makes statistical assessment of individually-elaborated 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.:
Technical Sciences
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Fig. 2. Multi-dimensional observation space

– the symptoms change ability:

f1 =

sj
ȳ

(1)

where:
Sj – standard deviation, ȳ – average value;
– assessment of symptom sensitivity to condition changes:

wi =

xi max – xi min
x̄i

(2)

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

f2 = r (y,w);

rxy =

1
n–1

Σ ni=1 (xi – xsr)(yi – ysr)
σx σy

(3)

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
1
·
Li

Σ ni=1 Li

,

where:

Σ wi = 1

(5)

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 multidimensional 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
S0 m

(6)

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 observations. To the non-dimensional observation matrix, the procedure of distribution in relation to specific values is:

Opr = Upp ·

Σpr · VrrT

(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 matrices, 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 2ν · νν, ν = 1,... r; and W2 · ui = σ 2i · ui, i = 1,... p
Technical Sciences
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Fig. 4. Diagnostic information contents with independent damage in observation matrix, and detected independent discriminants SDi and advancement
measurements σI
Source: ŻÓŁTOWSKI, CEMPEL (2004).
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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-dependencies of vibration processes, testing symptom sensitivity, statistical
inference, and visualization of analysis results.
Presented development issues are excerpts of works relating to the development 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 decisionmaking 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 redundancy for individual state symptoms, and for the examination of the multidimensional. 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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Abstract
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 „Telematics” 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 combination 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 telematics 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 disciplines, 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 maintenance 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 decisionmaking 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 decisionmaking 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 subsystems – 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 telematics 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 availability 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
Tm + Tn

(1)

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
λ1
· P0 + μ · P1 – 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
λ + λ1 + λ2

λ1 ·

λ1
· P0 μ1 · P01 = 0
λ + λ1 + λ2

λ2 ·

λ2
· P0 μ2 · P10 = 0
λ + λ1 + λ2

(2)

By rearranging we get:
P1 =

λ
λ
· · P0
λ + λ1 + λ2 μ

P01 =

λ1
λ1
·
· P0
λ + λ 1 + λ 2 μ1

P10 =

λ2
λ2
·
· P0
λ + λ 1 + λ 2 μ2

(3)

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 + λ21 · μ · μ2 + λ22 · 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.:
ì
ï
ï
í
ï
ï
î

dP0
(λ1optym.,λ2optym.) = 0
dλ1
dP0
(λ1optym.,λ2optym.) = 0
dλ2

(6)

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, controllers). 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 application 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 strategy 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 inspection 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 misinterpretation 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, including 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.
Technical Sciences

17(3)2014

302

Mirosław Siergiejczyk, Adam Rosiński

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 parameters (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.

References
BĘDKOWSKI L., DĄBROWSKI T. 2006. Podstawy eksploatacj. Cz. II. Podstawy niezawodności eksploatacyjnej. Wojskowa Akademia Techniczna, Warszawa.
DYDUCH J., PAŚ J., ROSIŃSKI A. 2011. Podstawy eksploatacji transportowych systemów elektronicznych.
Wydawnictwo Politechniki Radomskiej, Radom.
JAŹWIŃSKI J., WAŻYŃSKA-FIOK K. 1993. Bezpieczeństwo systemów. PWN, Warszawa.
ROSIŃSKI A. 2006. Metoda optymalizacji przeglądów okresowych transportowych systemów nadzoru.
Diagnostyka, 2(38).
ROSIŃSKI A. 2007. Strategie eksploatacyjne w transportowych systemach nadzoru. Prace Naukowe,
Transport, 62.
ROSIŃSKI A. 2008. Design of the electronic protection systems with utilization of the method of analysis
of reliability structures. Nineteenth International Conference On Systems Engineering (ICSEng
2008), Las Vegas, USA.
ROSIŃSKI A. 2010. Reliability analysis of the electronic protection systems with mixed – three branches
reliability structure. In: Reliability, Risk and Safety. Theory and Applications. Vol. 3. Eds. R. Bris,
C. Guedes Soares, S. Martorell. CRC Press/Balkema, London, UK.
ROSIŃSKI A. 2012. Reliability analysis of the electronic protection systems with mixed m-branches
reliability structure. In: Advances in Safety, Reliability and Risk Management. Eds: Berenguer,
Grall, S. Guedes. Taylor & Francis Group, London, UK.
SIERGIEJCZYK M. 2009. Efektywność eksploatacyjna systemów telematyki transportu. Prace Naukowe
Politechniki Warszawskiej, Transport, 67, Warszawa.
SIERGIEJCZYK M. 2011. Decision-making processes in transport telematic systems exploitations. Solid
State Phenomena, 180, Trans Tech Publications Ltd, Zurich.
SIERGIEJCZYK M., CHMIEL J., ROSIŃSKI A. 2012. Aplikacja informatyczna wspomagająca proces eksploatacyjny systemów telematyki transportu. Technika Transportu Szynowego, 9.
SIERGIEJCZYK M., ROSIŃSKI A. 2011a. Optimisation of transport telematics electronic systems operational
process. Polish Journal of Environmental Studies. Stud., 20, 5A.
SIERGIEJCZYK M., ROSIŃSKI A. 2011b. Reliability analysis of electronic protection systems using optical
links. In: Dependable Computer Systems. Eds. W. Zamojski, J. Kacprzyk, J. Mazurkiewicz,
J. Sugier, T. Walkowiak. Advances in intelligent and soft computing, 97.
SIERGIEJCZYK M., ROSIŃSKI A. 2013. Computer aided maintenance management of electronic equipment
used in transport. Zeszyty Naukowe Akademii Morskiej w Szczecinie, 33(105).
SIERGIEJCZYK M., ROSIŃSKI A. 2014a. Analysis of power supply maintenance in transport telematics
system. Solid State Phenomena, 210.
SIERGIEJCZYK M., ROSIŃSKI A. 2014b. Koncepcja wspomagania utrzymania urządzeń telematyki transportu. In: Problemy utrzymania systemów technicznych Ed. M. Siergiejczyk. Oficyna Wydawnicza
Politechniki Warszawskiej, Warszawa.
WAŻYŃSKA-FIOK K. 1993. Podstawy teorii eksploatacji i niezawodności systemów transportowych. WPW,
Warszawa.
WOROPAY M. 1996. Podstawy racjonalnej eksploatacji maszyn. ATR, Bydgoszcz.
ŻÓŁTOWSKI B., NIZIŃSKI S. 2002. Modelowanie procesów eksploatacji maszyn. ATR, Bydgoszcz.

Technical Sciences

17(3)2014

vacat

Guide for Autors
Introduction
Technical Sciences is a peer-reviewed research Journal published in English by the
Publishing House of the University of Warmia and Mazury in Olsztyn (Poland). Journal
is published continually since 1998. Until 2010 Journal was published as a yearbook, in
2011 and 2012 it was published semiyearly. From 2013, the Journal is published
quarterly in the spring, summer, fall, and winter.
The Journal covers basic and applied researches in the field of engineering and the
physical sciences that represent advances in understanding or modeling of the performance of technical and/or biological systems. The Journal covers most branches of
engineering science including biosystems engineering, civil engineering, environmental
engineering, food engineering, geodesy and cartography, information technology, mechanical engineering, materials science, production engineering etc.
Papers may report the results of experiments, theoretical analyses, design of
machines and mechanization systems, processes or processing methods, new materials,
new measurements methods or new ideas in information technology.
The submitted manuscripts should have clear science content in methodology,
results and discussion. Appropriate scientific and statistically sound experimental
designs must be included in methodology and statistics must be employed in analyzing
data to discuss the impact of test variables. Moreover there should be clear evidence
provided on how the given results advance the area of engineering science. Mere
confirmation of existing published data is not acceptable. Manuscripts should present
results of completed works.
There are three types of papers: a) research papers (full length articles); b) short
communications; c) review papers.
The Journal is published in the printed and electronic version. The electronic version
is published on the website ahead of printed version of Technical Sciences.
Technical Sciences does not charge submission or page fees.
Types of paper
The following articles are accepted for publication:
Reviews
Reviews should present a focused aspect on a topic of current interest in the area of
biosystems engineering, civil engineering, environmental engineering, food engineering,
geodesy and cartography, information technology, mechanical engineering, materials
science, production engineering etc. They should include all major findings and bring
together reports from a number of sources. These critical reviews should draw out
comparisons and conflicts between work, and provide an overview of the ’state of the
art’. They should give objective assessments of the topic by citing relevant published
work, and not merely present the opinions of individual authors or summarize only work
carried out by the authors or by those with whom the authors agree. Undue speculations
should also be avoided. Reviews generally should not exceed 6,000 words.
Research Papers
Research Papers are reports of complete, scientifically sound, original research
which contributes new knowledge to its field. Papers should not exceed 5,000 words,
including figures and tables.

Technical Sciences

17(3)2014

Short Communications
Short Communications are research papers constituting a concise description of
a limited investigation. They should be completely documented, both by reference list,
and description of the experimental procedures. Short Communications should not
occupy more than 2,000 words, including figures and tables.
Letters to the Editor
Letters to the Editor should concern with issues raised by articles recently published
in scientific journals or by recent developments in the engineering area.
Contact details for submission
The paper should be sent to the Editorial Office, as a Microsoft Word file, by e-mail:
techsci@uwm.edu.pl
Referees
Author/authors should suggest, the names, addresses and e-mail addresses of at least
three potential referees. The editor retains the sole right to decide whether or not the
suggested reviewers are used.
Submission declaration
After final acceptance of the manuscript, the corresponding author should send to
the Editorial Office the author’s declaration. Submission of an article implies that the
work has not been published previously (except in the form of an abstract or as part of
a published lecture or academic thesis or as an electronic preprint), that it is not under
consideration for publication elsewhere, that publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and
that, if accepted, it will not be published elsewhere in the same form, in English or in any
other language.
To prevent cases of ghostwriting and guest authorship, the author/authors of
manuscripts is/are obliged to: (i) disclose the input of each author to the text (specifying
their affiliations and contributions, i.e. who is the author of the concept, assumptions,
methods, protocol, etc. used during the preparation of the text); (ii) disclose information
about the funding sources for the article, the contribution of research institutions,
associations and other entities.
Language
Authors should prepare the full manuscript i.e. title, abstract and the main text in
English (American or British usage is accepted). Polish version of the manuscript is not
required.
The file type
Text should be prepared in a word processor and saved in doc or docx file (MS Office).
Article structure
Suggested structure of the manuscript is as follows:
Title
Authors and affiliations
Corresponding author
Abstract
Keywords
Introduction
Material and Methods
Results and Discussion
Technical Sciences

17(3)2014

Conclusions
Acknowledgements (optional)
References
Tables
Figures
Subdivision – numbered sections
Text should be organized into clearly defined and numbered sections and subsections (optionally). Sections and subsections should be numbered as 1. 2. 3. then 1.1 1.2
1.3 (then 1.1.1, 1.1.2, ...). The abstract should not be included in numbering section.
A brief heading may be given to any subsection. Each heading should appear on its own
separate line. A single line should separate paragraphs. Indentation should be used in
each paragraph.
Font guidelines are as follows:
– Title: 14 pt. Times New Roman, bold, centered, with caps
– Author names and affiliations:12 pt. Times New Roman, bold, centered, italic, two
blank line above
– Abstract: 10 pt. Times New Roman, full justified, one and a half space. Abstract should
begin with the word Abstract immediately following the title block with one blank line
in between. The word Abstract: 10 pt. Times New Roman, centered, indentation
should be used
– Section Headings: Not numbered, 12 pt. Times New Roman, bold, centered; one blank
line above
– Section Sub-headings: Numbered, 12 pt. Times New Roman, bold, italic, centered; one
blank line above
– Regular text: 12 pt. Times New Roman, one and a half space,full justified, indentation
should be used in each paragraph
Title page information
The following information should be placed at the first page:
Title
Concise and informative. If possible, authors should not use abbreviations and
formulae.
Authors and affiliations
Author/authors’ names should be presented below the title. The authors’ affiliation
addresses (department or college; university or company; city, state and zip code,
country) should be placed below the names. Authors with the same affiliation must be
grouped together on the same line with affiliation information following in a single block.
Authors should indicate all affiliations with a lower-case superscript letter immediately
after the author’s name and in front of the appropriate address.
Corresponding author
It should be clearly indicated who will handle correspondence at all stages of
refereeing and publication, also post-publication process. The e-mail address should be
provided (footer, first page). Contact details must be kept up to date by the corresponding author.
Abstract
The abstract should have up to 100-150 words in length. A concise abstract is
required. The abstract should state briefly the aim of the research, the principal results
Technical Sciences

17(3)2014

and major conclusions. Abstract must be able to stand alone. Only abbreviations firmly
established in the field may be eligible. Non-standard or uncommon abbreviations
should be avoided, but if essential they must be defined at their first mention in the
abstract itself.
Keywords
Immediately after the abstract, author/authors should provide a maximum of
6 keywords avoiding general, plural terms and multiple concepts (avoid, for example,
‘and’, ‘of’). Author/authors should be sparing with abbreviations: only abbreviations
firmly established in the field may be eligible.
Abbreviations
Author/authors should define abbreviations that are not standard in this field.
Abbreviations must be defined at their first mention there. Author/authors should
ensure consistency of abbreviations throughout the article.
Units
All units used in the paper should be consistent with the SI system of measurement.
If other units are mentioned, author/authors should give their equivalent in SI.
Introduction
Literature sources should be appropriately selected and cited. A literature review
should discuss published information in a particular subject area. Introduction should
identify, describe and analyze related research that has already been done and summarize the state of art in the topic area. Author/authors should state clearly the objectives of
the work and provide an adequate background.
Material and Methods
Author/authors should provide sufficient details to allow the work to be reproduced
by other researchers. Methods already published should be indicated by a reference.
A theory should extend, not repeat, the background to the article already dealt within
the Introduction and lay the foundation for further work. Calculations should represent
a practical development from a theoretical basis.
Results and Discussion
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.
Acknowledgements
Author/authors should include acknowledgements in a separate section at the end of
the manuscript before the references. Author/authors should not include them on the
title page, as a footnote to the title or otherwise. Individuals who provided help during
the research study should be listed in this section.
Artwork
General points
– Make sure you use uniform lettering and sizing of your original artwork
Technical Sciences

17(3)2014

– 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 minimum 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 consecutively 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.

Technical Sciences

17(3)2014

