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ABSTRACT

This paper describes a possibility of applying an ethical approach to ITS applications is described. It refers to benefits of ITS applications in terms of classic ethical values, and their interpretation in the light
of consequentialism and classical utilitarianism. The paper presents a kind of new look at numerous
and various ITS benefits from the ethical (moral) point of view. It emphasizes the ethical importance
of such benefits of ITS applications as savings of time, safety, and convenience in traveling. The paper
also raises the problem of connections of ethical evaluation of ITS benefits with the so-called costs/
benefits analysis (CBA) in the transport sector.
KEYWORDS: ethical analysis, ITS applications, benefits, consequentialism

1. Introduction
The decision on the application of ITS is usually difficult, especially in the absence of greater experience in
this field. This situation is typical for ITS-underdeveloped
countries in Europe. At the beginning of the second decade of the 21st century there is no national plan of ITS
in transport, both road and other modes of transport, in
Poland. There are also fundamental troubles with carrying
out so-called national ITS architecture project. The scenarios for the development and deployment of ITS technologies in the coming years are not very optimistic [5].
In this situation, some brave decisions on ITS applications should be taken in Poland by the public
administration in cooperation with private sector organizations, and academic institutions. The decisions
should be understood as political and moral decisions
based on political commitments to the future ITS-development of the country. The moral character of those
decisions involves the obligation to care for the future
common good of the Republic of Poland.
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A deep understanding of the benefits of these new technologies in transport is a basic condition for promoting ITS
in Poland. The benefits should be understood as a kind of
moral justification for some political decisions regarding
the dissemination of ITS technologies in Polish transport.
The article takes a sample of pre-ethical analysis of the
benefits of ITS applications. This is done in the light of a
few ethical theories [9,8], especially connected with utilitarian values (goods) [3,6].

2. C
 onsequentalism as
a basis for an ethical
evaluation of ITS
Consequentialism bases our duties on consequences [6].
It draws attention to the effects: the good, which is realized in them. Therefore it is important to assess the situation
and so-called moral bill of goods, the standards or ordinances are less important. The best example is utilitarianism,
appearing in various forms. Where there are no specific
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orthodox rules of conduct, consequentialism is the best. A
version of utilitarianism is sometimes treated as so-called
minimal morality. In general for a consenquentialist, for
example, motives seem to be irrelevant, if people act properly. It is a morality founded in the circle of political decision makers. It is not surprising that it is suited for use in
policy, for example in transport policy. The policy objective
is to be caring about the welfare of all or at least the specific
social groups, for example a transport community,
In sum, consequentialism says that the moral value of
the act shall take full from the value of its consequences.
According to this position, no action is good or bad in itself, but only because of the consequences that entails.

3. Basics of utilitarian ethics
Utilitarianism is a form of consequentialism [8]. The
most influential contributors to this ideology were Jeremy
Bentham and John Stuart Mill, one of liberal thinkers of
the 19th century; however his teachings were a little different from Jeremy Bentham’s philosophy. In general usage,
the term “utilitarian” can be referred to a somewhat narrow economic or pragmatic viewpoint. However, philosophical utilitarianism is a much broader view that encompasses all aspects of people’s lives, including transport of
people and goods.
Utilitarianism says that the moral worth of an action is
determined by its outcome. The moral worth of an action is
determined solely by its utility in providing happiness or pleasure as summed among all sentient, not only human, beings.
Social utilitarianism is often described by the phrase
„the greatest good for the greatest number of people”, and
is also known as „the greatest happiness principle” [6].
Utility, the good to be maximized, has been defined by various thinkers as happiness or pleasure (versus suffering or
pain). It may be shortly described – happiness or pleasure
or reducing pain are of ultimate importance.
In sum, social utilitarian ethics is based on the principle: a future of decision of an act is morally good, if you
maximize the usefulness of the community; in the case,
the usefulness of a transport community.

4. Benefits as the expected
outcomes of ITS
applications
The ITS benefits are usually considered as the positive
effects of an ITS project. There are several main categories
of ITS benefits. In transport, users benefits are primary related to safety, time savings and pleasures of travelling [2,6].
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From the classical ethics point of view, according to
Aristotle and Thomas Aquinas, there are three kinds of
goods, namely [9]: bonum delectans (comfortable /pleasurable good), bonum utile (utilitarian good) and bonum
honestum (proper good). The first two should lead to the
bonum honestum as the highest good in a human life. It
is of moral character. While according to Bentham they
should be limited only to the first two. They are mainly of
sensitive character in practice, and any consideration of
moral goods should be excluded as a kind of metaphysics.
The nature of ITS benefits is sometimes very complicated. In the contemporary philosophy we often use the
term “value” instead of the classical term “good”. From the
point of view of the general theory of value we can speak
about utilitarian values in a narrow sense or in a broad
sense of the term. For example we can distinguish vital values, pleasure values, economic values, instrumental values, and technical values. Generally ITS systems belong to
the category of instrumental values as a kind of mean (the
tool), which are not values in themselves, but they are useful in achieving particular benefits in the transport sector.
The safety benefits of an ITS project are expressed in
terms of expected reductions in injuries and fatalities on
the transportation network resulting from the project in
question [2]. It seems that it has moral value belonging to
the bonum utile category. As for most utilitarian theories
they deal with producing the greatest amount of good for
the greatest number of people, but the so-called negative
utilitarianism requires us to promote the least amount of
harm, or to prevent the greatest amount of human suffering for the greatest number of people. It is the case of the
benefits of some safety-based ITS applications.
The mobility benefits refer to the improved ability of
travellers to reach destinations and to reduce the required
amount of travel time, for example by reducing congestion
delays [2,7]. Time savings and delay reductions are measured in hours. It is commonly known that almost all ITS
application save time. However, some ITS applications
reduce the discomfort of a journey. Some drivers and passengers of cars take their journeys for comfort only. Therefore the moral nature of the mobility benefit may be mixture of bonum delectans and bonum utile. For instance, an
ITS investment project may allow motorists to save time
on their commutes. These time savings would be counted
as benefits because they have value to the motorists, even
though ordinarily there is no direct revenue to the government. From the ethical point of view it is not important to
precisely know to what kind of moral benefits they belong:
to bonum utile or to bonum delectans. In practice they are
indistinguishable.
The environmental benefits of an ITS project stem
from reduced vehicle emissions and other pollutants,
for example from reductions in vehicle idling time [2]. It
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seems that this kind of benefits may be counted to the bonum utile category.
In practice, a list of ITS benefits is rather longer than
that just mentioned. It is commonly known that most ITS
applications reduce discomfort in some way and even
provide an element of entertainment. They make traffic
smoother, they reduce anxiety about having an accident,
they amuse travellers, they reduce uncertainty regarding
routing, travel time, road condition. Sometimes people
do travel for fun. It is more common on weekends. They
enjoy the comfort of their cars after a busy day. A multimedia car is equipped with such features as key-less entry,
digital fingertip sensors to start the engine, navigation,
DVD for entertainment, climate control, phone, on-board
computer and camera inside etc. All in all, the value of
non-traditional ITS benefits (bonum delectans) should not
be disregarded.
The benefits of an ITS application comprise: (a) benefits to travellers; (b) benefits to transport agencies; (c)
benefits to society. From the moral point of view the first
category of benefits seems to be the most important; especially in the passenger road transport it is connected with
saving lives of human and comfort of travelling.

5. Usefulness of ethical
analysis
The ethical analysis of benefits may be the first step
in the process of any ITS applications [1,4]. It can give a
moral justification of each of ITS applications on the basis
of expected benefits. Such a moral justification is needed
for getting political and public awareness on the basis of
expected benefits. Always the first question should be: is
there a general awareness amongst the public administration and the public of ITS benefits? If so, it is possible to go
on to the next step of the implementation of ITS solution
in a transport project. If not, it makes it impossible to implement an ITS project. We should know to answer to the
open question: what is the expected reaction by the public
to expected ITS benefits?
Besides, it is clear that all governments must make decisions about the allocation of limited resources in order
to advance the safety and well-being of their citizens in
transport. The ethical analysis of ITS benefits may be part
of ex ante or ex post cost-benefit analysis (CBA). It is an
analytical tool that is commonly used to evaluate publicsector investment opportunities in transport. It provides a
comprehensive, uniform accounting of costs and benefits
across categories and across time periods, thus allowing
comparisons of disparate projects. However it is commonly known that the proper estimation of all ITS benefits is
extremely difficult in practice.
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The CBA looks at benefits and costs across the expected lifespan of the project. It is based exclusively on economic values, expressed in money. The core of CBA is the
assumption that economic benefits will exceed its costs.
Each ITS project would be considered a “worthwhile” investment and a wise use of public resources, since it would
create value to citizens that exceeds its resource costs.
However, any CBA should assume that a given ITS
project is, in a sense, morally justified. Utilitarianism provides the foundation for moral justification. It means that
an ITS application is accepted by all in a given transport
community.

6. Conclusions
The ethical analysis of ITS applications seems to be the
first step of the process of ITS implementation. The gist
of it is to be an initial evaluation of ITS benefits for all
users in a given transport community. It can be followed
by ex ante CBA which includes the evaluation of expected
measurable benefits of an ITS project.
A novelty in the application of ITS in transport is to
promote their development because of the need for comfort (entertainment) when travelling. It is often the main
reason for the application of numerous ITS technologies
in the passenger transport. However, the most important
benefits from the moral point of view are the ones connected with the safety ITS applications.
Contemporary consequentializm as an ethical approach may be used for the ethical (moral) justification of all
ITS applications, and it seems to be a fresh and powerful
idea. It may be applied in the initial process of ITS application to help planners and decision makers appreciate full
potential benefits from the future employment of ITS.
It may be a starting point for building up a kind of
general ethical theory of intelligent transport systems applications; in short – an ITS ethics.
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ABSTRACT

The paper presents a method of the traffic emission computing, mapping and its monitoring in relation to the system of the highway toll gates. The construction of an own mathematical model, built
on secondarily used data variables of the toll gate system, is presented. The model construction allows
describing a simple method for the estimation of traffic intensities and finally for modelling the emission load maps of the mobile sources.
KEYWORDS: highway toll system, traffic intensity, estimation, emission mapping, track
inclination, indirect modelling, weather effects
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1. Introduction

2. Model

Continuously increasing road traffic causes a higher
pollution in the vicinity of roads and spreads the emission depending on weather conditions. This effect has
an impact on settled areas near the roads and brings
worse environmental conditions in the neighbourhood
of roads in general.
To deal with this effect, it is necessary to understand
the existing pollution processes, be able to recognize particular pollutant sources, be able to realize and measure
individual pollution factors etc.
Ideas are deeply extended in the field of toll gate system data, its availability, usage and accuracy. These are discussed in relation to the emission maps modelling and
traffic intensities estimation.
Moreover, relevant data from the selected Czech
highway toll gates were used to generate graphical outputs as examples. Across the paper, various generated
emission maps present the model outputs for different
emission factors.

The model presented is a part of the starting project.
The aim of the emission load model at this stage of development is to process the already captured data on these
main measurable pollution factors: C20H12, NO2, PM10,
SO2. The concept of the model is prepared as follows.

2.1. Emission Load Model Description
The emission load Edtpi for day type d (Mon, …, Sun),
time of day t, pollutant p and road inclination i is estimated using the model
(1)
Symbol Idt denotes the average of traffic intensities
in both directions for the given day type and time of day.
By epi we denote a coefficient corresponding to a selected
emission factor and given road inclination. (Coefficients e
may depend, in general, on the car type and velocity, too.
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In this state, our model is simplified, considering only registered heavy trucks at the speed of 80 km/h.)

3. Data
3.1. Data Input
Public available aggregated data sets from Czech D1
highway toll gate system of the time period from January
1, 2007 to March 6, 2007 were used. Registered intensities
of the heavy trucks over 12 tons of weight were taken for
model testing. A table with identification, kilometric and
location localization of particular toll gates was attached
to the data sets. Used coefficients for the emission factors
were the output of a different project [7].
3.1.1. Traffic Intensity Estimation
Provided intensity data sets for heavy truck traffic can
be easily represented in combined time-space graphs. The
data file of intensities is arranged in the following format:
• Date (secondarily the day type as well),
• Time (when the intensity was taken),
• ID for the each toll gate,
• Intensity value.
Intensities in the original provided data sets are subdivided into two groups according to the traffic direction.
Each of the intensities, prepared for a separate traffic direction and for the assessed day type, is always created as the
average value of all particular intensities on the same day type,
specified in the source file by date. In our model, as already
mentioned, an example for the day type "Friday" is presented.
A colour scale represents the average value of the intensity. The scale is organized from red through yellow,
orange, green and blue to violet (values 0 – 130). Values of
intensities are represented as the number of heavy trucks
that passed the gate during each previous 15 minutes.
The final intensity Idt, calculated with our model, is an
average value, which consists of both average intensities
for each of the particular directions at one toll gate at the
same time and on the same day type. The model does not

Fig. 1. S
 cale for the traffic intensity of heavy trucks (over 12 tons)
Source: [own work]
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Table 1. Values of average vehicle intensities over 12 tons of
weight in the direction from Prague to Brno
Min.

Q1

Med.

Avrg.

Q3

Max.

1.00

27.56

37.89

38.11

51.67

90.00

distinguish a separate emission load for each traffic direction, but calculates it as the overall emission load at the
defined toll gate point. This is because we do not count
separate directional intensities .
The number of vehicles cannot be exactly identified
from the input data file. Cars pass through several toll gates in 15 minutes time periods, but details about this passing are not included. An estimate of the number of vehicles is thus determined as relative relation to the maximum
intensity over the period of 15 minutes.
For the day type "Friday", the maximum intensity was recorded in the period between 14:00 and 21:00 at all the gates
on the entire length of each traffic direction. Similarly, final estimates of average intensities were prepared for each day type.
The percentage ratio of the number of vehicles in the
case of drive limitation between 14:00 and 21:00 for the
day type "Friday" is defined as the portion of recorded intensity during the referred time and the total day intensity
of vehicles in the whole day time period (00:00 - 24:00).
3.1.2. Intensity Data Analysis
As we can see in Figure 2, all-day traffic is visible from
the graph. At night hours the traffic is almost constant and
during the day time it increases. Multiple growth is especially visible in the vicinity of Prague (km 0 – 20) and Brno
(km 180 – 196).

Fig. 2. Average day intensity for the day type "Friday" in the
direction from Prague to Brno
Source: [own work]
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Table 2. Values of average vehicle intensities over 12 tons of
weight in the direction from Brno to Prague

Fig. 3. Average day intensity for the day type "Friday" in the direction
from Brno to Prague
Source: [own work]

Fig. 4. Example of the output chart of the emission load estimate for
C20H12
Source: [own work]
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Min.

Q1

Med.

Avrg.

Q3

Max.

1.00

17.56

26.78

26.87

36.33

64.00

Past the exit to Ceske Budejovice (km 21) we notice a
significant intensity fall. In the following sections the traffic load is more or less constant.
Near Humpolec (km 90) it slightly increases again. On
the exit to D2 highway past Brno (km 196), in the direction
to Vyskov (km 230), the traffic significantly decreases (especially during night hours). Moreover, towards to Vyskov,
the traffic decreases to a minimum (even during the day).
In the graph, in the direction to Prague, an all-day traffic is visible again. At night hours it is smaller than in the
opposite direction. From the whole ratio of highway network traffic the traffic in this direction (and for this day)
is 5% lower than in the direction to Brno.
Intensities across the highway are very similar to the
opposite direction. Again, there is a perceptible connection from Ceske Budejovice (km 21) and the intensity outflow from Humpolec (km 90).

Fig. 5. Example of the output chart of the emission load estimate for
NO2
Source: [own work]
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Fig. 6. E
 xample of the output chart of the emission load estimate for
PM10
Source: [own work]

Fig. 7. Example of the output chart of the emission load estimate for
SO2
Source: [own work]

A significant increase in the intensity is visible in the
vicinity of Brno, again, especially after the D2 highway connection (km 196). Other connections are visible in km 210
(the traffic from Uherske Hradiste) and then very strong intensity increase at km 230 (the traffic from Vyskov).

along the road distance intervals display influence of the
road changing inclination.

3.2. Output Data

The output of the present model has been utilized for
the calibration of fuzzy models predicting the effect of toll
gate systems implementation.
Moreover, the model will become a building block of
more complex models in the future. Such models may, for
instance, help to distinguish relative impacts of the road
traffic and other sources of pollution on the environment.
Finding, formulating and implementing more constraints to the model will lead to more accurate results. Further
development of the model presented in the future should be
able to give a better resolution especially in mobile emission
factors, mainly by implementing a weather module.

The output of the model calculations is given as the
average emission load of the monitored road segment, in
[g/km] (see examples in Figures 4-7). The output values
are presented in a graph form.

4. Model Results
Figures 4-7 show examples of the model graphic output. In these outputs, special charts for each of the emission factor type were created. Similar charts have been
prepared for each day type .
Peaks of the heavy truck traffic are very well visible on
the graphs. They can be easily recognized in increasing
concentration of the appropriate emission factor. Alternating strips (more or less emission factor concentration)

Volume 3 • Issue 2 • May 2010

5. Conclusion

5.1. Other Possible Use
The emission factors, with respect to the ratio of the
measured emission level, may be involved in the road toll
level. The aim of such regulation method should be seen as
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proportionally distributed traffic in relation to its impact
on the surrounding. There could by various types of toll
fee reductions, depending on different road classes usage.
For example, the toll fee could be higher for the first,
second and third road class in opposition to the highway
network. This solution would effectively move the passing
traffic from the close attached settled areas to the highway
network. Thus the solution would overall calm down and
partially clear settled localities.
For these purposes it is necessary to find and further
develop methods for a suitable way of measuring emission factors of mobile sources in the surroundings of other
road types, than on the highway network (used here).
Contrary to the measuring method at toll gates, in points,
it is also necessary to find other and more accurate ways to
measure emission factors in general.
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ABSTRACT

The number of cars participating in highway traffic is still growing as well as the necessity of quick and
fluent transport between different locations. Therefore, ensuring the fluency and safety in highway
traffic is becoming an essential problem in recent times. If only the driver knew about a danger waiting behind the bend, he would slow down; if someone got the information about a traffic jam 10 km
earlier, he would probably take a different road or stop.
This paper aims at providing transport telematics solutions which ensure simple, fast and efficient
means for highway traffic management. The ad hoc algorithms presented concern broadcasting within
highway traffic and assume the collisions detection and a single hop network. Installing a simple transmitter and receiver on every car is considered. Energy efficient size approximation algorithms and a
leader selection procedure are presented and discussed, including simulations.
KEYWORDS: transport telematics, leader election, single hop network, size approximation

1. Introduction
The ad hoc algorithms presented concern broadcasting
in the highway traffic. The highway traffic is still growing.
On the very crowded highways, especially in Germany
and Italy, but recently also in other countries, tragic accidents take place quite often. Sometimes, even a dozen cars
are involved in a crash. Main reasons for those situations
include: bad weather conditions, speeding, dangerous driving, other unexpected situations like, for example, a traffic jam. In many cases, those accidents could have been
omitted. If only the driver knew about a danger waiting
behind the bend, he would slow down. If someone got the
information about a traffic jam 10 km earlier, he would
probably take a different road or stop for a lunch.
The consideration of those facts reveals that a very
urgent solution is needed. One way to solve the problem is

© Copyright by PSTT , All rights reserved. 2010

to create an information system that will alert the drivers to
the dangers of traffic jam or other road difficulties on time.
Nowadays, transport telematics is a very quickly developing branch [5,6]. It provides many useful algorithms
and solutions within Intelligence Transport Systems [1,6].
However, a significant number of them are based on a video analysis. The camera takes a picture of the road and
a statistical analysis is performed in order to estimate the
number of cars within the photograph. It is a common
knowledge that such a procedure may provide us with false estimates in the case of a bad weather or during night.
Present solutions very often are based on many different
parameters (like for example in [2]), which are difficult
to estimate without significant bias. Such complex algorithms are very fragile. Systems implemented within highways are also quite inert – if an accident happens far
from the detector gate, it will be discovered far too late to
prevent a traffic jam.
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^

2. Model

p=

Therefore, a more flexible and quick solution is needed. In order to ensure this, communication between
cars must be enabled.
A simple solution is to install on every car a small
transmitter and receiver. Of course, these devices cannot
be expensive. Therefore, they must be as simple as possible. Let us concern devices that have a small range (few
hundred meters). Furthermore, let us assume that three
cases may be distinguished during broadcasting: NULL
(no broadcast), SINGLE (only one car broadcasts) and
COLLISION (more than one car broadcast). It is a quite
reasonable assumption, because the transmitter can be
located on the front bumper of a car, whereas the receiver – on the rear. This will allow driver to check, whether he succeeded in sending the information or not. For
a no collision detection case, see [4]. Furthermore, it can
be stated that the highway is divided into small sections,
such that different frequencies should be used within
neighbouring sections. Therefore, only cars within the
same sector can interfere. A reasonable length of such a
sector is around 500 meters.
Firstly, the number of cars in a particular section should be estimated. The next step is to choose a leader in
each sector that will be responsible for spreading the information to the next sector.

2.1. Car’s quantity estimation
In this phase, the number of cars within a given section is estimated. Considering the sections are 500 meters
long and assuming a traffic jam, the maximum number of
cars is equal to 150 (3 lines of cars, one by one, 3 cars every
10 meters). Car’s quantity estimation procedure will last
150 time slots.
Let us assume that time is divided into small intervals
named time slots. For the purpose of this algorithm we
may assume that there are a few dozen of time slots within one second. In each time slot each car sends some
information (could be a single bite) with the probability
equal to 1/150. Each car listens and counts the number of
NULLs during first 150 time slots of the procedure. Based
on that number, the car’s quantity estimate is derived.
It is a common knowledge that the number of NULLs
has the Bernoulli distribution:

# NULL ~ B( N , p ),

(1)

where N is the number of time slots and p is equal to
1 - sending probability. Maximum likelihood estimate for
parameter p has the following form:
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# NULL
.
N

In our case,

(2)

n

1

p = 1 −  ,
 N

(3)

where n represents the number of cars.
Therefore, one can estimate n from the following equation:
^
n

1
# NULL

.
1 −  =
N
 N

(4)

Transforming, we obtain:

 # NULL 
log
=
1  N 

log1 − 
 N
1
(log# NULL − log N ).
=
1

log1 − 
 N
^

n=

1

(5)

This formula works if #NULL>0. If there is no NULL
during the first phase, we take 150 as the value of the estimate (maximum number of cars that may appear within a
given section). In order to ensure that the estimate value
will be an integer we should round the obtained value to
the nearest integer.

2.2. Estimate’s bias
The characteristic function for a Bernoulli variable is
given by the following formula:
∞
n
(
t
)
=
e itk   p k (1 − p ) n−k .
∑
ΨX
k =0
k 

(6)

Therefore, the characteristic function for the variable
log#NULL is given by:
n
n
Ψlog#NULL (t ) = ∑ eit log k   p k (1 − p ) n−k ,
k =0
k 

Therefore,
'
log# NULL

Ψ

(7)

n
(t ) = ∑ i log(k )eit log k   p k (1 − (8)
p ) n−k .
k =0
k 
n

Based on this formula we may calculate the first moment for the variable log#NULL:
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where,
^

nα % =

log bα % ( N , p ) − log N
,
1
log(1 − )
N

(13)

where: b
 α%(N,p) denotes α% quantile from Bernoulli
distribution B(N,p). Confidence intervals are
presented in Fig. 5.

Fig. 1. M
 ean Absolute Percentage Error in the case of N=150
Source: [own work]

Ψ
E (log# NULL) =

'
log# NULL

(0)

i

=
(9)

n
= ∑ log(k )  p k (1 − p ) n−k .
k =0
k 
n

It is needless to point out that allowing the collision
detection is a crucial assumption. Let us compare expected number of SINGLEs and NULLs within 150 time slots.
As we have pointed out an early time is crucial. Therefore,
let us decrease the length of the first phase from 150 to 75
time slots and again let us calculate the expected number
of SINGLEs and NULLs.
The key fact is that the expected number of NULLs
remains a 1-1 function in the case of 75 time slots, whereas
the expected number of SINGLEs does not. This is shown

Having that, a mean value of the car’s quantity estimate may be calculated:



 E (log# NULL) − log N 
E ( n) = 
=
1


log(1 − )
N


^


 n
n k
n−k
 ∑ log(k )  p (1 − p ) − log N 


k 
=  k =0
.
1


log(1 − )
N



(10)
Fig. 2. Expected number of SINGLEs in the case of N=150
(solid) and N=75 (dashed)
Source: [own work]

In order to evaluate the proposed estimate its mean
percentage error is calculated:
^

E ( n) − n
MAPE (n) =
⋅ 100%
.
n
^

(11)

MAPE for the proposed estimate is presented in Fig. 1.
As we can clearly see, the estimate’s bias is equal 0 for
n<100 and is less than 1% for 100<n<150. As we know a
detailed distribution for NULLs, we may construct confidence intervals for the car’s quantity estimate:

C
I

^

95 %

^

^

^

= [ E (n)− n 97 .5% , E (n) − n 2.5% ],
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(12)

Fig. 3. Expected number of SINGLEs in the case of N=150
(solid) and N=75 (dashed)
Source: [own work]
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in Fig. 2 and Fig. 3. Therefore, while counting NULLs we
can still derive car’s quantity estimates even in the case
with 75 time slots although we lose a bit of accuracy,
which is shown in Fig. 4.
In the case when N=75, the proposed estimate is
unbiased for n<50, but the bias for 50<n<150 does not
exceed 2.5%. Comparing the length of confidence intervals, the ones for the case of N=75 are slightly wider than
in the case of N=150.

3. Leader selection
Having obtained the car’s quantity estimate it is crucial
to inform the incoming drivers how many cars there are
in front of them. Therefore, a leader should be selected.
We consider the leader selection algorithm working as
follows. In the first round, every car within a given highway section sends a small information with the probability
p=1/n (where n is equal to car’s quantity estimates derived
in the first phase). If there is a SINGLE case, the one who
succeeded, becomes a leader. If the NULL appears, the
round is repeated. In the case of COLLISION only those,
who were sending in the first round enter the next phase. In this case, the second round participants take new
probability constants equal to ½. This round is repeated
until the leader is chosen (in the case of COLLISION only
those who were sending in a given round remain in the
competition).
Once the leader is selected he can spread the information to the earlier sector.

4. Simulations

Fig. 4. M
 ean Absolute Percentage Error in the case of N=75
Source: [own work]
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Table 1. S
 imulation results
_

s

(std)

P(s≤2)

q95%

q99%

Ud, N=150

2.435 (1.695)

0.633

6

8

Ud, N=75

2.442 (1.699)

0.630

6

8

Nd, N=150

2.453 (1.701)

0.628

6

8

Nd, N=75

2.453 (1.705)

0.627

6

8

Above-mentioned procedures were tested in the simulations. Two different car’s quantity distributions were
considered:
• Discrete uniform Ud ~ [1,150],
• Discrete normal Nd ~ {max(min(150,N(75,152)),1}.
Based on 1 000 000 simulations, a mean number of
steps needed for a leader selection was calculated. Moreover, 95% and 99% quantiles were also obtained. The results, including 150 and 75 time slots scenarios, are presented in Table 1.

5. Conclusions
Simulations have revealed that the leader selection
procedure performed very well, even if the car’s quantity estimate is less accurate – the difference in mean time
is around 0.01 time slot. Therefore, we must take into account that time is crucial and approximation algorithm
based on 75 time slots should be used. Furthermore, the
car’s quantity distribution does not play a significant role
according to the results, which means that the proposed
algorithm will give similar results in different traffic conditions. The mean time for a leader selection is around 2.5
time slots and with the probability of 0.99 the leader will

Fig. 5. 95% Confidence intervals for car’s quantity estimate
(N=150 – circle, N=75 – dotted)
Source: [own work]
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be chosen within 8 time slots. Therefore, we may assume
that the whole procedure (calculating the car’s quantity
estimates, choosing the leader and spreading the information) lasts no longer than 85 time slots (75 time slots for
the first phase, 8 time slots for the leader selection, 1 time
slot for broadcasting, 1 time slot for receiving the information from the earlier sector) that is less than 2 seconds.
On the other hand, it is needless to point out that such
algorithm will not give good estimates in a hostile environment that is in the case, when someone would cause
interference and disable the communication. For adversary immune algorithm, please refer to [3].

6. Final Remarks
The proposed algorithm has many advantages when
compared to the existing ones. First of all it enables instant
communication between cars. In the case of an accident
or other traffic difficulties the information may be spread
very quickly (less than 2 seconds per 500 meters sector
that is around 900 km/h) and incoming drivers will receive it on time and they will get the opportunity to react
to the danger. The second main advantage of such a solution is that it may be easily used to identify particular cars.
Every car has a unique transmitter and receiver. Therefore,
there is no problem to recognize the car and collect the

Volume 3 • Issue 2 • May 2010

highway fee or send a speeding ticket. Similar solutions
are already implemented on highways in Austria where
buses and trucks have a special transmitter attached to the
windshield and every time the car is passing by a gate (there are gates every 20-30 km) an impulse is sent.
Such an ad hoc system may be connected to the GPS
system and new routes may be calculated more efficiently
based on the traffic information.
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ABSTRACT

In recent times, an avalanche increase in the importance of reliability in the engineering design can be
seen. The main reason is a permanent competition on the market and a competition for the customer
resulting in increasing continually the efficiency of technological processes. The need to achieve a high
level of reliability and maintainability is particularly important, where a safe and rapid transportation
of people and goods is of high importance. The above-presented state of affairs has inspired the author
to present a paper on the methodology and tools to support the estimation of maintainability and
reliability of technical objects, together with practical examples.
KEYWORDS: maintainability and reliability prediction, parts stress analysis prediction,
parts count analysis prediction, methods of prediction the reliability of technical objects

1. Importance of and
technical objects
reliability forecasting
In recent times, an avalanche increase in the importance of reliability in the engineering design can be seen.
The main reason is a permanent competition on the market and a competition for the customer resulting in increasing continually the efficiency of technological processes.
The efficiency improvement is manifested by an increase in
operating speed when optimizing the weight and size of the
object. This action, combined with the multitude of technical measures, is a risk to human health and life and a destruction of the environment through the use of unreliable
facilities and technical equipment. Such adverse effects can
be addressed using methods of reliability and maintainability prediction of technical objects at the stage of designing

18

and manufacturing rather than during the same operation.
Prediction methods, in particular, are applied in complex
technical systems where it is very easy, each operated component may be damaged, causing damage to technical objects, which effects are difficult and dangerous to remove.
The need to achieve a high level of reliability and maintainability is particularly important in the field where a safe and
rapid transportation of people and goods is very significant.

2. M
 aintainability and
reliability prediction
methods for technical
objects
Achieving a high level of reliability and maintainability of a system is possible by determining its estimated
reliability of the equipment used in order to obtain an
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adequate level of system availability without later modifications when it is already in operation.
The Military Handbook 217 (MIL-HDBK 217), created
to provide a standard assessment of the reliability of electronic systems and military equipment to enhance the reliability
of the proposed equipment is widely used and recognized
throughout the world. In this model, there are two ways to
predict the reliability: reliability predicted based on the number of parts called Parts Count Prediction, and the prediction
based on the analysis of exposure called Parts Stress Analysis
Prediction. The method of Parts Count Prediction is used
to predict the reliability of a product at the beginning of its
development in order to obtain a preliminary assessment of
reliability against reliability target or an indicator of availability. The system failure rate is calculated by summing the
product of similar items and grouping them into different
types of items. The number of elements in each group is then
multiplied by the overall failure rate and the quality factor
of the model specified in MIL-HDBK 217. At the end of the
analysis, it is possible to add the following failure rates of all
various parts to obtain the final failure rate. The method of
Parts Count Prediction assumes that all components are in
series and in the case of non series elements require a separate calculation of failure rates. Parts Stress Analysis Prediction
is used in the phase of product development, before designing actual circuits and equipment for the production. It is
similar to the Parts Count Prediction, in terms of failure rates
of aggregation. However, using the Parts Stress Analysis Prediction method the failure rate for each element is calculated
separately on the basis of specific stress levels. This method
usually generates a lower failure rate than the Parts Count
Prediction method.
The method of state-transition diagram enables the
representation of collections of all the states, in which the
analyzed system may be. Contrary to the block diagrams,
this method provides a more accurate and more detailed
representation of the system. This method results in the
determination of the estimated indicators like the Availability, Mean Time to Repair and Mean Time between
Failures of the system.
SR-332/TR-332 method can estimate the reliability of
telecommunications equipment. This model is based on
MIL-HDBK 217 as amended in 1985 in this way as to reflect the experience with the telecommunications equipment. In 1997, the SAIC bought the Bellcore model and
changed its name to Telcordia.
The method of Handbook for Reliability Data for Electronic Components (HRD5) was developed by British Telecom and is used mainly in the UK. This method is similar
to the standard Military Handbook 217 (MIL-HDBK 217)
but does not include as many environmental variables and
contains a reliable prediction model covering a wider range
of electronic components, including telecommunications.
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The Process Failure Mode and Effects Analysis
(FMEA) is used to analyze the failure mode of a technical
object. This analysis can be modified by assigning a priority mode of failure to each object and in this case this
method is called the Failure Mode, Effects and Criticality
Analysis (FMECA). In this method, the estimation starts
examining a technical object at the level of individual electronic and mechanical components, and ends at the level
of the whole system.
The method of Highly Accelerated Life Testing
(HALT) is used to increase the overall reliability of a product. Using this method, it is possible to specify the time
required for the occurrence of a product failure by its carefully measured and controlled load, such as temperature
and vibration. The actual time to failure of the product is
estimated using a mathematical model. Although HALT
can estimate the MTBF, its main function is to increase the
reliability of a product.
Standard GJB/Z299B (299B China) is a standard for
predicting the reliability of both civilian and military objects. It gives the ability to predict the level of environmental indicators, quality and mechanical properties. This
allows, like MIL-HDBK 217, the reliability prediction analysis on the basis of the number of exposures and analysis
of the test object.
The Handbook of Reliability Prediction Procedures
for Mechanical Equipment (NSWC-07) is a standard commonly used to estimate the reliability of mechanical components. It uses several categories of models for different
types of mechanical components to predict failure rates
based on the mechanical fatigue of materials, resistance to
temperature and other environmental parameters.
The method of Reliability Block Diagram (RBD) is a
representative tool for plotting and calculations, used to
model the system availability and reliability. It defines logical interactions in the system and each block diagram
may represent a failure of a single element, subsystem, or
other representative of the system. It is also used for the
analysis of each element of a comprehensive system and
its impact on the operation of the system.
Like the reliability of the system, the maintainability
plays a large role in the design and subsequent operation of
the system. The maintainability is the ability to maintain the
facility or to restore the operating conditions of the state in
which it can perform the required functions, provided that
the operation is carried out under specified conditions and
acc. to established procedures and measures.
The Military Handbook 472 (MIL-HDBK 472) is a
commonly used method of estimating the maintainability
of the system. It allows estimating the down time caused sometimes by the time of repairing in accordance with procedures outlined in the document (MIL-HDBK 472), and in
particular determining the mean time to repair MTTR. To
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determine the maintainability of the system it is necessary
to take into account properly the tasks of system operation
(known as elements’ MTTR), which are sometimes defined as the implementation of various maintenance tasks.
Knowing the amount of RI (called Replaceable Items) or a
group of interchangeable parts (called group of RI's) of the
analyzed system and their predicted failure rates it is possible to determine, for an individual component or group
of components, the performance indicators of the system
maintainability. For each of the analyzed elements of the RI
the execution times of elementary MTTR process for each
element are defined, where the sum of these times enables
to determine the overall mean time to repair of the system.

3. Tools supporting
the reliability and
maintainability estimation
of technical objects
During the reliability analysis of complex technical
systems, it often becomes necessary to use computer tools to assist the calculation procedures. This allows for a
substantial time saving and an increase in the accuracy of
calculation. The most popular tools to support reliability
analysis of technical objects are presented below.

3.1. P
 ackage Item Toolkit of Toolkit
Software Company
A powerful, developed tool to predict the reliability
and maintainability is a package of technical objects Item's Toolkit Software. This software package is composed
of many modules:
• Reliability Block/Network Diagram – a package to
support the analysis of system reliability in terms of
structure (reliability block diagram);
• Failure Mode Effect and Critical Analysis – a module
equipped with a database of records based on MILHDBK-338. It enables to analyse the types, effects and
the fault degree of technical objects based on internationally recognized studies: MIL-STD-1629 and BS
5760 Part 5;
• Fault Tree Analysis – a module supporting analysis
using a Fault Tree;
• Event Tree Analysis (ETA) – a module supporting the
analysis using an Event Tree;
• Markov Analysis – a module supporting the analysis
using Markov chains and processes;
• MainTain – a maintainability prediction module to
assist the technical objects in the document MILHDBK-472, Procedure V, Method A;
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• Spare Cost – a module enables to determine the demand for parts and to optimise the number of parts in
terms of operating costs. This module uses algorithms
for military applications.

3.2. Reliasoft Software
The company ReliaSoft, as opposed to the software
outlined above, does not offer a single package to assist
the analysis of reliability. The software consists of separate
programs integrally acting independently:
• Xfmea – software supporting the analysis, data management and preparation of reports to analyze the types
and effects of a fault (FMEA);
• BlockSim – a package enabling the analysis of the reliability structure of RBD (Reliability Block Diagram)
and Fault Tree analysis of the FTA;
• Weibull++ - data management software that enables
the damage and estimates the reliability of the measurement system;
• Lambda Predict – a program that allows the estimation
of reliability factors of both the technical facilities and
mechanical studies using recognized, methods such
as MIL-HDBK-217 (MIL 217), NSWC-07 (NSWC
Mechanical), SR-332/TR-332 (Telcordia), GJB/Z299B
(China 299B) and HRD5;
• Alta – a program that allows the estimation of reliability factors with the use of accelerated testing (QALT);
• MPC – maintainability prediction program to help
technical objects, in particular the technical systems
used in aviation.

3.3. Relex Reliability Studio Package of
the Relex Software Company
Another software package supporting the analysis of
the reliability of technical objects is the Relex Reliability
Studio package. This package in its full commercial version has the following modules:
• Fracas – a system for reporting and analysing failures and corrective actions (Failure Reporting Analysis and Corrective Action System). The program
allows support processes to manage the businesses
through the optimization of production costs and to
improve quality;
• FMEA/FMECA – a program to help analyze the types
and effects of failures and to analyse types and effects
of the degree of failures. The software uses standard
MIL-STD-1629, SAE ARP5580;
• Human Factors Risk Analysis – support software derived from the analysis of a human factor. The most
commonly used in industries where a large proportion
of errors is attributable to human factors;
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• Life Cycle Cost – software for life cycle cost analysis of the "life cycle" from product’s inception to the
end of its use;
• OpSim – software for simulation and optimization of
systems for reliability. It provides information about
the activities of maintenance, spare parts store and
schedule repair process;
• Reliability Block Diagram (RBD) – software for analyzing the reliability block diagram;
• Weibull – software for the examination of the failure
data using Weibull technique;
• Maintainability prediction - assistance software for
maintainability prediction of technical objects in the
document MIL-HDBK-472, Procedure V, Method A.
This allows the estimation of maintainability measures
of the system;
• Markov – software to support analysis using Markov
chains and processes;
• Reliability Prediction – assistance software for reliability prediction using multiple standards such as MILHDBK-217 (MIL 217), NSWC-07 (NSWC Mechanical), SR-332/TR-332 (Telcordia), GJB / Z 299B (China
299B), and HRD5 PRISMPlus library.

3.4. R
 eliability Workbench Package of
Isograph Ltd. Software Company
The Reliability Workbench software package of Isograph
Ltd. possesses, like the rest of the software environment described above, the modules to support the reliability analysis:
• FMECA – a module that allows analyzing the types,
effects and the degree of failures of technical objects;
• Fault Tree + – a graphical module for the assessment of
risk with the use of reliability tree analysis and event tree;
• RBD – an analysis of systems using a block-reliability
structure. It allows analysing complex systems for the
estimation of fundamental measures of reliability;
• MTTR – a module to assist the analysis of systems maintainability;
• Prediction modules – modules supporting reliability prediction using multiple standards such as MIL-

Fig. 1. Toll collection loop diagram
Source: [own work]
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HDBK-217 (MIL 217), NSWC-07 (NSWC Mechanical), SR-332/TR-332 (Telcordia), GJB / Z 299B (China
299B) and HRD5.

4. P
 ractical example of
reliability estimation of
electronic components
using the ReliaSoft
software
In this chapter, the paper presents a practical example of estimating the reliability of electronic components
using the software, ReliaSoft’s Lambda Predict. The material is a part of a larger study on methods for estimating
the reliability and maintainability of mechanical and electronic components. The reliability analysis was conducted
on the example of an induction loop used in the toll collection process. A toll collection loop diagram is shown
in Figure 1.
ReliaSoft’s software allows creating a System Hierarchy
panel of the analyzed system. For example, the panel of
the analyzed induction loop diagram shown in Figure 2.
When working in the System Hierarchy panel in Lambda
Predict, we should be aware of how the following terms
are used:
• Systems are analyzed according to one of the reliability
prediction standards supported by the Lambda Predict
(e.g. MIL-HDBK-217F, Telcordia SR-332 Issue 2, etc.).
Such systems are made up of blocks and components.
• A block represents a group of blocks and/or components in the next lower level of the system configuration. The Lambda Predict uses the block properties
(based on the applicable reliability prediction standard) together with the calculations for the blocks and
components in the next lower level to determine the
failure rate, MTBF and other results for the subassembly that the block represents.
• A component represents an individual item (such as
a fuse, capacitor, valve, spring, etc.) with properties
based on the applicable reliability prediction standard
that is used to calculate the item’s failure rate, MTBF
and other results. Components always represent the
lowest level within a branch of the hierarchy. In other
words, it is not possible to place another block or component below an existing component.
We can build a hierarchical system configuration
using the blocks and components that are available for the
current standard (e.g. MIL-HDBK-217F, Telcordia SR-332
Issue 2, etc.). In general, blocks are used to represent groups of items within a multilevel system configuration (e.g.
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subsystems, subassemblies, etc.). They can have components and other blocks below them in the hierarchy and
the Lambda Predict uses the block properties (based on
the applicable reliability prediction standard) together
with the calculations for the blocks and components in the
next lower level to determine the failure rate, MTBF and
other results for the subassembly that the block represents.
Components (e.g. fuses, switches, resistors, pumps) have
pre-defined properties based on the selected standard and
must be placed at the lowest level within a branch of the
hierarchy. The Lambda Predict also includes three additional view types: Pi Factor, Tab and Grid:
Fig. 2. System Hierarchy panel of the analyzed system in the Lambda
Predict
Source: [own work]

specific weather conditions. “What-if ” analyses allow on
the relationship analyzed the elements of the environmental changes in which the system operates. MTBF vs
ambient temperature and Failure Rate vs ambient temperature are presented below for the analyzed system of
inductive loop.

5. Applications
The method of estimating the reliability of technical
objects, presented in this paper, to a large extent contributes to achieving a high level of technical reliability of the
planned objects, particularly in times of high competition
on the market and of competing for customers resulting in
increasing continually the efficiency of technological processes. The use of computer tools in the form of reliability
software can significantly shorten the analysis time both
in the modelling phase and in the way of calculating. The

Fig. 3. The Pi Factor view of the analyzed System Hierarchy panel in
the Lambda Predict
Source: [own work]

• The Pi Factor view displays the item properties based
on the Pi factor(s) that they contribute to. Pi factors
account for the effects of various factors such as environment, stress, quality, etc. on the part’s expected failure rate, which is the product of the part’s base failure rate and each Pi factor (or acceleration factor) that
quantifies the effect of a particular factor’s variance
from baseline. This means that all Pi factors for a part
operating under baseline conditions will be equal to 1,
while if the part is operating under conditions other
than baseline, one or more Pi factors will be greater
than or smaller than 1.
• The Tab view displays the item properties grouped on
separate tabs, rather than in a hierarchical tree structure.
• The Grid view displays each item property as a column.
Lambda Predict’s ability to analyze multiple systems
within each project allows performing “what-if ” analyses
for comparison purposes. For example, we can change the
ambient temperature of the analyzed system, at which it
operates. The analyzed system of an inductive loop is in
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Fig. 4. MTBF vs. ambient temperature
Source: [own work]

Fig. 5. Failure rate vs. ambient temperature
Source: [own work]
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material presented on the software indicated the author’s
opinion concerning the most important features of individual programs for the possibility of including the information exchange between packages. The estimation method
presented in the paper and the software supporting the
process of reliability analysis has been partly used by the
author in a comprehensive study on the reliability analysis
of technical objects involved in the process of charging on
national roads. The aim of the study is to determine the
work schedule of the required level of reliability, as defined in fundamental technical requirements for the design,
construction and operation of highways developed by the
General Directorate for National Roads.
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ABSTRACT

The paper presents two visualization applications that enable to visualize traffic flow simulation results
obtained with the TRANSIMS system. The applications, designed and implemented at the Institute of
Machines and Motor Vehicles of Poznan University of Technology, are written in Java and, as freeware,
can be used free of charge. Both visualizers use GIS-based data manipulation techniques to provide
precise and customizable 2D visualization.
First, the problem of traffic flow modeling and simulation, and the TRANSIMS system were introduced. Then a general design and features of both applications were described. In order to demonstrate
the most essential capabilities of the tools, the author presented an example of visualization of traffic
in a segment of a real urban network.
KEYWORDS: traffic flow, urban, model, simulation, microscopic, visualization, TRANSIMS,
GIS, Java, GeoTools, FFmpeg

1. Introduction
Visualization of microscopic traffic flow simulation
is indispensable in order to evaluate, analyze and verify
simulation results. Without detailed visualization it is almost impossible neither to look into the details of traffic
flow dynamics nor to observe and assess vehicle-vehicle or
vehicle-environment interactions. Unfortunately, not every microsimulator offers visualization tools; it is also the
case of TRANSIMS. The aim of the author was to implement tools that will provide highly detailed visualization
for TRANSIMS.

2. TRANSIMS
TRANSIMS (TRansportation ANalysis and SIMulation System) [1] is a free integrated simulation system
that enables a regional analysis of transportation systems.
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It supports the whole process of transportation modeling
and simulation, from population synthesis through activity generation to traffic microsimulation. The process is
usually run iteratively in order to obtain system’s equilibrium, according to Wardrop’s first principle [2]. Additionally, it is possible to estimate emissions on the basis of
microsimulation results.
TRANSIMS consists of several modules, each one responsible for a certain stage within the modeling and simulation process flow (Fig.1):
• Population Synthesizer – creates a population of synthetic individuals according to detailed demographic
statistics and other data sources.
• Activity Generator – generates daily activity plans
for each synthetic member of the population; daily plans consisting of work, shopping, school, and
other kinds of activities.
• Route Planner – chooses transport modes and
plans routes for individuals on the basis of previously generated daily plans.

© Copyright by PSTT , All rights reserved. 2010
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functionality, because it does not enable to look into the
details of traffic flow dynamics or to observe and assess
vehicle-vehicle or vehicle-environment interactions.

3. G
 IS-based visualization
for TRANSIMS
3.1. GIS data

Fig. 1. M
 odeling and simulation process flow in TRANSIMS
Source: [own work]

• Traffic Microsimulator – simulates the traffic according to the planned routes of the synthetic individuals.
• Feedback Controller – manages the dataflow within
the framework; controls the relaxation process by running the former three modules iteratively in order to
find the system equilibrium.
• Emissions Estimator – estimates the emission of selected exhaust pollutions.

As mentioned before, TRANSIMS does not provide tools
for direct visualization of the results; however, it offers a set
of simple programs for generation of shapefiles (ESRI Shapefiles). These shapefiles can then be used as layers in various
GIS systems. From among them, from the perspective of the
simulation visualization, the most interesting programs are:
• ArcNet – creates shapefiles containing different
kinds of network data (i.e. nodes, links, shapes,
lane-use, activity locations, parking, pocket lanes,
lane connectivity, etc.); each shapefile concerns one
specific type of data.
• ArcSnapshot – creates shapefiles from selected records
in a TRANSIMS snapshot file; each shapefile concerns
a distinct time during the simulation. A snapshot file
is a kind of a register that contains a detailed history,
second by second, of each running vehicle.
The process of creating both types of shapefiles is
shown in Fig.3.

This research was carried out with TRANSIMS version 4.0.6.01 (containing Traffic Microsimulator module
version 4.0.75).

2. Current visualization
approaches for TRANSIMS
TRANSIMS is a complex modeling and simulation system with many features; however, it lacks a graphical user
interface that would enable users to build network models,
or at least to visualize simulations. Although the early versions of TRANSIMS were provided with a simple visualization tool, the current version (4.x) does not have such a tool.
As visual verification and validation of simulation
models is essential, Xuesong Zhou has created NEXTA
(Network Explorer for Traffic Analysis), “a graphical user
interface to facilitate preparation, post-processing and
analysis of simulation-based dynamic traffic assignment
datasets” [3]. With this software one can run visualization of traffic flow, as shown in Fig. 2. However, due to
the one-minute time step, this visualization is of limited
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Fig. 2. NEXTA for TRANSIMS
Source: [own work]
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an open source Java-based GeoTools library [4]. The current
version of Visualizer enables the user to run the visualization
forward or backward in a step by step or continuous mode. Beside a typical zooming functionality, it is also possible to hide/
show selected layers and to customize their appearance. Due to
the detailed vehicle data contained in the snapshot shapefiles,
one may display various properties of each single vehicle and
watch their changes throughout a simulation.

3.3. Animated movies
Fig. 3. C
 reation of shapefiles
Source: [own work]

Fig. 4. I nteractive visualization
Source: [own work]

3.2. Interactive visualization
By combining selected network shapefiles with a snapshot shapefile, one can visualize a simulation state for any
arbitrary chosen simulation second. This can be done by
means of almost any GIS system that supports reading of
ESRI Shapefiles. Unfortunately, this will only constitute
a static picture for a specific moment of the simulation,
which is far from the real visualization.
In order to provide an interactive dynamic visualization, the author developed an application called TRANSIMS Visualizer. As shown in Fig. 4, it uses selected network shapefiles, in particular those containing the data
about the network geometry (like link, pocket lanes, etc.),
and all shapefiles with snapshots taken for a given period
of time. All these shapefiles are earlier created by means of
ArcNet and ArcSnapshot programs.
However, since the number of snapshot shapefiles may
be extremely high (for example 86400 for a 24-hour simulation with snapshots taken second by second), loading
all of them at the startup may take a long time or even
be impossible due to insufficient memory. Therefore, only
network shapefiles are loaded into memory at the startup; vehicle snapshot shapefiles are loaded on the fly (one
snapshot shapefile per one step of visualization).
TRANSIMS Visualizer was implemented in Java; thus it
can be run on almost any computer, regardless of the installed
operating system. For geospatial data manipulation and visualization, which is a key functionality of any GIS system, it uses
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Beside the interactive visualization, another way to visualize a traffic flow simulation is to create an animated
movie. This option was implemented as a two-step procedure shown in Fig. 5.
The first step consists in converting shapefiles into a
sequence of images. Since each image represents a specific
time of simulation, each of them is created from arbitrary
selected network shapefiles and one shapefile containing
the snapshot of that time. This step is done by the author’s
Shp2Img converter, which is written in Java and uses the
GeoTools library for handling geospatial data.
Once the image sequence is created, it can be then converted into a movie by means of the FFmepeg software.
FFmpeg is “a complete, cross-platform solution to record,
convert and stream audio and video. It includes libavcodec - the leading audio/video codec library” [5].
One should note that the idea of the two-step procedure was originally proposed by Hubert Ley [6]. The
above-presented schema is analogous to the original one,

Fig. 5. Creation of an animated movie file
Source: [own work]
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Fig. 6. S
 tructure of the network
Source: [own work]

Fig. 7. “Feature info” window
Source: [own work]

except for converting shapefiles to images. In Ley’s procedure the conversion is carried out by the shp2img converter from the FWTools kit [7]. However, due to some errors
in shp2img, the converter very often fails.
Although animated movies, contrary to the interactive
visualization, do not allow for any interaction, this form of
visualization has also many advantages over the interactive one. First of all, movies are easy to distribute (just one
file). Moreover, for playing movies only a standard movie
player is required whereas Visualizer requires Java Runtime Environment to be installed on a computer.
When creating the visualization for large-scale scenarios, one may encounter problems with insufficient
hardware capabilities. In particular, if computation power is very low, a process of creating a movie may take
a long time. In order to speed up this process, one can
run it parallel on a computer cluster or even on loosely-coupled computers. The first stage of the procedure
can be easily parallelized, whereas parallelization of the
second stage is somewhat harder. However, the most
straightforward solution for this issue is to create a set
of movies (one movie for each individual period of simulation time) instead of one.

Let us consider a network presented in Fig. 6. The
network is built of nodes (presented with identifiers)
and two-way links. Nodes 1,…,6 are intersections, and
10,…,18 are boundary nodes, where each route starts and
ends. The network model represents a part of a real road
network in Poznan, Poland, and was used in simulation
research conducted with TRANSIMS [8,9].
Fig.8 shows the main window of Visualizer. On the
right side of the window, there is a view area presenting

4. Visualization example
In order to demonstrate the most essential capabilities
of the Visualizer, an example of visualization of traffic in a
segment of a real urban network is presented.
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Fig. 8. Main window of the Visualizer
Source: [own work]
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a course of simulation whereas on the left side there is a
table containing a list of all loaded layers. In this example,
three layers were loaded:
• snapshot_00258 (the top layer) – a snapshot of vehicles
at time 0:02:58 (h:mm:ss); contains vehicle state details
at that particular moment of simulation. For each timestep of simulation a relevant snapshot layer is loaded.
• Pocket_Lane (the middle layer) – contains additional
lanes usually located at intersection inlets/outlets.
• Links (the bottom layer) – represents all links in the
network.
As mentioned earlier, users can operate on layers. It is
possible to add/remove or show/hide any layer. Additionally, one can change appearance of any layer. The zooming in/out functionality allows for taking a closer look
at selected parts of the network. The “Feature info” option
enables one to view properties of any element of any layer.
For example, as shown in Fig. 7, the “Feature info” window
contains detailed information about vehicle 5857 at time
0:02:58.

5. Conclusions
Visualization plays a crucial role in analyzing, calibrating and validating a traffic microsimulation. Due to the
lack of official visualization software for TRANSIMS, one
has to use third party tools in order to visualize simulation
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results. The presented tools, both the interactive visualizer and the movie creator, proved their usefulness during
the author’s research [8,9]. Moreover, the applications are
written in Java and use open source libraries/programs
(e.g., GeoTools, FFmpeg); hence, anyone can use them
free of charge.
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ABSTRACT

In March 2009 the European Parliament and the Council issued the Directive on Airport Charges –
Directive 2009/12/EC, which is a common framework regulating the essential features of airport charges. The EU presents the necessity of economic regulation of airports and airport charges in Europe.
On the basis of this Directive, the airports have to change their economic policy. But is the economic
regulation necessary for the Bratislava Airport and airports with a similar position? This paper explains the situation of Slovak airports and their approach to economic regulation of airport charges.
KEYWORDS: e
 conomic regulation, airport charges, economic

1. EU Directive 2009/12/EC
and economic regulation
of airports
This paper is about economic regulation of airports in the
Slovak Republic after Directive 2009/12/EC on airport charges. The EU advises to regulate airport charges of 69 European
airports. This Directive is a common framework regulating
the essential features of airport charges. It means an economic
regulation of airports, which annual traffic is over five million passenger movements and the airport with the highest
passenger movement in each Member State. The economic
regulation is important in the situation when the airport is in
a privileged position as a point of entry to that Member State
so that it is necessary to apply this Directive to that airport in
order to guarantee respect for certain basic principles in the relationship between the airport managing body and the airport
users, in particular with regard to transparency of charges and
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non-discrimination among airport users – the airport is in a
position of geographical monopoly.
But is the economic regulation of airports really necessary? Stephen Littlechild (1983), who was the father of price
cap mechanism of airports economic regulation said: “Regulation is essentially a means of preventing the worst excesses
of monopoly; it is not a substitute for competition. It is a means of holding the fort until the competition arrives.”

1.1. Airport charges
The basic idea of business is the effort of achieving a profit.
There has to be a balance and suitability between the expenses and revenues. The fundamental cost items are staff costs,
maintenance expenses, depreciation, amortization and impairment (operating expenses). The fundamental revenue items
are airport taxes, parking charges, security charges, landing
charges, handling revenue, financial revenue and other commercial revenues. The dual till regulation of airport charges
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Table 1. Rates per each tonne (even initiated) of the
maximum take-off mass (MTOM) of the aircraft traffic within the Slovak Republic (domestic traffic)

Table 2. Rates per each tonne (even initiated) of the
maximum take-off mass (MTOM) of the aircraft International traffic
International traffic

Traffic within the Slovak Republic
Airports

eur/tonne

Airports

Košice

10.963

Košice

14. 107

Bratislava

5.145

Bratislava

13.111*

Nitra

0.332

Piešťany

12.447

Piešťany

4.647

Poprad-Tatry

12.447

Pievidza

0.332

Sliač

12.447

Poprad-Tatry

4.647

Žilina

12.447

Sliač

4.647

Žilina

4.647

Trenčín

1.327

Source: [1]

means primary the regulation of landing charges, parking
charges, passenger service charges and secondary noise and
security charges. The single till regulation comprises implicit
revenues from commercial activities too.

2. Airport charges in the
Slovak Republic
The airport charges of Slovak airports are published in
the Aeronautical Information Publication (AIP SR). The
comparison of Slovak unregulated airport charges and British regulated airport charges is very interesting. Airport
charges in the Slovak Republic are divided into traffic within the Slovak Republic and international traffic. This separation between domestic traffic and international traffic
is in contradiction with the European law - Article 72 and

Fig. 1. R
 ates per each tonne (even initiated) of the
maximum take-off mass (MTOM) of the aircraft traffic within the Slovak Republic (domestic traffic)
Source: [own work]
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eur/tonne

Source: [1]

* in the Bratislava Airport there are three categories of
maximal take-off mass (MTOM):
• first 150 t, included - aircraft landing charges are
13.111 euro per tonne
• each next 151 to 250 t - aircraft landing charges are
9.294 euro per tonne
• each next 251 t - aircraft landing charges are 6.638
euro per tonne.
81 (1) d of the EC Treaty, but the European Court of Justice
declared in Case C-92/01 a specific situation, when it is possible. Airports can do this, when domestic flights costs are
legitimate lower than the international flights costs.

2.1. Comparison between airport
charges in the Slovak Republic and
Great Britain
The airport charges at regulated British airports divided into peak and off peak traffic and into four categories
of maximal take-off mass (MTOM).

Fig. 2. Rates per each tonne (even initiated) of the
maximum take-off mass (MTOM) of the aircraft International traffic
Source: [own work]
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Table 3. Aircraft landing charges at regulated British airports - Domestic traffic/ International traffic
Aircraft landing charges at regulated British airports
London Heathrow

London Gatwick

London Stansted

Aircraft categories
(t=tonnes)

Peak euro per
aircraft

Off-peak euro
per
aircraft

Peak euro per
aircraft

Off-peak euro
per
aircraft

Peak
euro per
aircraft

Off-peak euro
per
aircraft

MTOM < 16 t

686.760

291.000

429.814

128.040

110.580

98.940

16>MTOMW < 50 t

686.760

291.000

429.814

128.040

165.288

122.220

50>MTOM < 250 t

686.760

494.700

429.814

145.500

268.884

152.484

MTOM> 250 t

686.760

494.700

429.814

145.500

465.600

465.600

Source: [2]
Table 4. Average rates per each tonne (even initiated) of the
maximum take-off mass (MTOM) of the aircraft at regulated
British airports- Domestic traffic/ International traffic
London Heathrow

London Gatwick

Source: [own work]
Table 5. C
 omparison of aircraft landing charges at Slovak and British
airports
Heathrow Gatwick Stansted Bratislava Košice Poprad-Tatry
6,2802 2,946775

13,111

14,107

Comparison of airport taxes at Slovak and British airports (euro/pax)
Airport

London Stansted

11.1661 euro/tonne 6.2802 euro/tonne 2.946775 euro/tonne

11,1661

Table 7. Comparison of airport taxes at Slovak and British airports

12,447

Source: [own work]
Table 6. Comparison of parking charges at Slovak and British airports
Comparison of parking charges at Slovak and British airports (euros per
MTOM)
Airports Heathrow Gatwick Stansted Bratislava Košice Poprad-Tatry
Parking
charges
(euro/t)

0.536

0.348

0.844

0.298

1.327

0.298

Fixed
parking
charges

8.241

5.61

3.422

0

0

0

London London London
PopradHeathrow Gatwick Stansted Bratislava Košice Tatry

Domestic
traffic

15.633

8.555

7.112

6.306

10.455

4.315

International
traffic

26.737

13.048

10.790

16.265

16.265

14.339

Source: [own work]

Table 7 shows the level of airport taxes. The most
expensive is London Heathrow and the second one is Košice airport.
After this analysis we know some important parameters for economic regulation of airports. The tables showed
that economic regulation is beneficial, because the airport
charges are on average lower, but it is not the only aspect.
The capacity of the regulated airport is relevant for economic regulation. Airports which could not increase the
capacity have to be regulated, because they have specific
market position and the regulator wants to eliminate their
monopolistic position and their disproportionate profits.

Source: [own work]

Table 5 shows big differences between Slovak and British aircraft landing charges. The most expensive airport
in Great Britain - London Heathrow is cheaper than the
cheapest Slovak international airport Poprad-Tatry.
Slovak airports do not have fixed parking charges. Parking charges per tonnes of MTOM are on average higher
than British. The most expensive is Košice airport, but airports in Great Britain have two components of parking charges and total parking charges are higher at British airports.
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Fig. 3. Comparison of aircraft landing charges at Slovak and
British airports
Source: [own work]
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Table 8: Portfolio of various possibilities of alternative approaches to the application of economic regulation of Slovak
airports
Mechanism of economic regulation of airports
Single till

Approaches of ERoA
Dual till

Hybrid

x

x

RoR
Hard regulation

Price cap
Hybrid RoR a Price cap
Default regulation

Soft regulation

Light handed

x

Source: [own work]

3. Economic regulation of
airports in the Slovak
Republic
The situation in Slovakia is different. After research
of theoretical models used in Europe, Latin America
and Australia we compile a matrix or portfolio of various possibilities of alternative approaches to the application of economic regulation of the Slovak airports are
evaluated in Table 8.
We have 8 international airports Bratislava, Košice,
Poprad-Tatry, Žilina, Sliač, Piešťany, Nitra and Prievidza,
but only two – Bratislava airport and Košice airport – can
be relevant for economic regulation of airport.
Košice airport is a small regional airport, but has a
great local position. This airport can be defined as geographic monopoly - natural monopoly, but it is too small
for regulation and the Directive should apply to airports
located in the Community that are above a minimum
size (5mil. pax) as the management and the funding of
small airports do not call for the application of a Community framework.
The next one is Bratislava Airport and the Directive
orders to regulate this airport like the biggest airport
in Slovakia, but experts on economic regulation think
that it is unnecessary, because this airport is not a local
monopoly and close to this airport (only 60 km by highway) is Vienna Airport. So what we can do? We have
to respect principles of EU and its Directive and regulate airport charges there, but it can be the end. Bratislava airport wants to compete with Vienna Airport,
but currently has not enough passengers. The situation
on the air transport market during the economic crisis
is complicated and some airlines stop now the flights
from or to Bratislava airport.
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3. Conclusion
After our research we think that the model of „hard regulation” in the Slovak Republic - revenue price cap single
till is not suitable for this kind of airports, because it is complicated and the Slovak Republic has not enough experience with economic regulation of airports. Bratislava airport wants more and more passengers and airlines with the
base in Bratislava, so their goal is to have airport charges as
low as they can. After the analysis and selection of relevant
parameters we hope that the best way for Bratislava will be
the light handed regulation (monitoring of prices).
This paper is written as a part of research project VEGA
1/0274/08 – Fundamental Research in Increasing the Safety and Quality in Civil Aviation.
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ABSTRACT

Tachograph belongs to On Board Recording Devices. It was initially introduced for the railroads in order to companies could better document irregularities. The inventor of the tachograph was Max Maria
von Weber, an administrative official, engineer and author. The Hasler Event Recorder was introduced
in the 1920s. Regrettably, the construction of analogue tachograph, an original type of tachograph
used in road transport, encouraged to numerous frauds and counterfeits of social rules for drivers.
For this reason the European Union has developed an inspection system, based on digital tachograph
and chip cards, used for recording the data and identification of the system users. The article is the
presentation of the main rules of function of the digital tachograph system, used in road transport in
European Union. The document describes main legal rules introducing the digital tachograph system,
foremost requirements which must be fulfilled by the producers of digital tachographs in order to get
the type approval, possibility of future requirements of digital tachograph, main functions, characteristics of participant of digital tachograph system and their tools of the identification, acting and
setting of authorize workshops in Poland and European Union and the accessible methods of check
and calibration of digital tachographs and their description, based on Commission Regulation (EC)
No 1360/2002 of 13 June 2002 and Polish law. Furthermore, the dissertation presents current level of
implementation of digital tachograph system in EU Member States and in all Europe.
KEYWORDS: driver cards, workshop cards, control cards, tachonet, control officers

1. Introduction
The legal basis for the introduction of the digital
tachograph system is Council Regulation (EEC) No
2135/98 of 24 September 1998, amending Regulation
(EC) No 3821/85 of 20 December 1985 on recording
equipment in road transport. Annex 1B of this Regulation contains the technical specification for digital
tachographs.
Commission Regulation (EC) No 1360/2002 of 13
June 2002, replacing the Annex 1B, is an actual detailed
technical specification for digital tachographs. In accordance with new regulations the inspection system consists
of the following elements:
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• a digital tachograph VU (Vehicle Unit), recording the
driver and vehicle operation performance,
• a speed sensor, supplying the vehicle unit with relevant
data concerning the vehicle speed and distance travelled,
• chip (data) cards intended for recording the data and
identification of the system users.
For the conformity reasons all admitted equipment
must fulfil three stages of tests:
• security test – test verifying the fulfilment of all requirements concerning the security, as listed in Annex
10 to the Commission Regulation (EC) No 1360 of 13
June 2002,
• functional test – test verifying the requirements concerning the functionality of the equipment; the tests
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2. Digital tachograph cards

Fig. 1. View of cards in digital tachograph system in Poland
Source: [own work]

are specified in Annex 9 to the Commission Regulation (EC) No 1360/2002 of 13 June 2002,
• interoperability test – test for verifying the abilities of a
considered equipment to interoperate with other equipment; such tests are performed by only one laboratory under the supervision of the European Commission (this task is given to the Joint Research Centre at
Ispra); only equipment fulfilling these two tests mentioned above can be admitted to this test.
The vehicle unit of the digital tachograph ensures the
following functions:
• monitoring the insertions and withdrawals of chip cards,
• displaying and recording the data on the chip cards,
• limiting the data access for various group of users,
• measurement of time,
• measurement of displacement – the equipment
records a distance travelled with accuracy of 0.1 km
and stores distances travelled by a vehicle of each of
last 365 days,
• measurement of speed – ranging from 0 to 220 km/h
with accuracy of 0.1 km,
• monitoring and recording the driver’s activities,
• monitoring the inspection procedures,
• monitoring the activities carried out by the workshops,
• loading the data concerning the performance of activities: (information on a place of beginning and
ending the work day, information on the driver’s activities being performed before inserting a card into
the tachograph),
• providing the access to the information data for the
transport companies,
• warning,
• monitoring and recording the data concerning the infringement of regulations.
• recording the data by the peripheral equipment.
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A characteristic feature of the digital tachograph is an
integration of all users of the recording equipment in road
transport. The users can be classified in four groups having different rights and obligations, namely:
• driver – while being inspected the driver is requested
to present the data card and/or printouts of the current week and the last day of the preceding week if he
has driven a vehicle equipped with an analogue tachograph,
• control service – a personnel of the control service is
equipped with a controller’s data card,
• personnel of service workshops – is equipped with a
workshop data card, which allows to install and adjust
the settings of a given tachograph; a calibration unit is
connected to the tachograph connector provided,
• personnel of transport company - is equipped with a
company data card, which allows to display the data
intended to be used by the fleet management systems.

3. C
 alibration of digital
tachograph
The tachograph can be installed by the manufacturers
of vehicles (it applies to the newly produced vehicles) or
by the authorised workshops (if it had not been installed
yet in a given vehicle or if its replacement could be required).
According to the Annex 1B provision no 243 the installed tachograph has to be activated before the vehicle,
on which it is mounted, leaves the installation place.
Before commissioning the vehicle it is necessary to
perform the calibration of the installed tachograph. The
calibration process includes:
• displaying the data (in case if it is not the initial calibration),
• determining the diameter of the vehicle tyre (based on
the measurement),
• determining the characteristic coefficient of the vehicle,
• determining the constant of a tachograph [imp/km],
• loading the recording equipment with data,
• preparing the identification plate and placing it on a
recording equipment,
• sealing with leads.
After leaving the authorised workshop the vehicle
equipped with a calibrated tachograph can be used. Every
two years the vehicle-tachograph set must be subjected to
an inspection in the authorised workshop and to the recalibration procedure afterwards.
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The tachograph can be also sold and reused in another
vehicle. Such operation requires dismounting the tachograph from the vehicle by a recognised workshop. Next the
tachograph is installed in another vehicle and after a new
calibration performed the vehicle can be put in operation.
After a time specified by the manufacturer the tachograph is dismounted from the vehicle by the recognised
workshop and withdrawn from the exploitation.

4. Running of authorized
workshops
Since the installation of the recording equipment in
the vehicle up to a moment of its commissioning some
actions must be done which result in the introduction
of a new vehicle-tachograph set to an European digital
system. According to the provisions of the European
regulations (Council Regulations (EEC) Nos. 3820/85,
3821/85, 2135/85, and Commission Regulation (EC)
No 1360 with Annexes) every digital tachograph before entering the system is subjected to the activation
and calibration procedures. Moreover, the installed and
activated vehicle-tachograph set must be periodically
checked regarding its conformity with the metrological
needs specified in the relevant regulations (Annex 1B to
the Commission Regulation (EC) No 1360/2002). It can
happen that during the operation of the recording equipment a necessity of repair or replacement, and, in an
extreme case, even withdrawal of its damaged elements
occurs. For these reasons a network of the professional
workshops is needed, which will provide a satisfactory
basis for the digital tachograph servicing.
The authorised tachograph workshop is an organizational unit approved and certified by the Member State,
authorised for performing the procedures and functions
as follows:
• installation of the recording equipment and its activation;
• tests of the recording equipment;
• inspection of the recording equipment;
• displaying the information data (stored data of the vehicle unit);
• withdrawal of the recording equipment elements.
A basic duty of the authorised workshop is to guarantee that every vehicle-tachograph set leaving such workshop could meet the requirements specified in the Regulation (EC) No 3821/85 of 1985.
According to the Annex 1B of the Commission Regulation (EC) No 1360/2002) of 2002 an installation process
is defined as an assembling the recording equipment (a
vehicle unit and speed sensor with a necessary wiring (cables)) in the vehicle.
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In reality the installation procedure consists of five stages:
• a preliminary inspection of the recording equipment;
• assembling the recording equipment;
• loading the vehicle unit memory with given values of
the calibration information parameters;
• sealing with leads the places of the speed sensor installation;
• assembling the installation plate (plaque).
The preliminary inspection of the recording equipment includes:
• avisual inspection – aims at a detection of any possible
mechanical defects and checks a completeness of the
delivered equipment according to the manufacturer’s
specification;
• verifying the indication errors: concerning the distance travelled, speed value and time measurement.
In case of the digital tachograph, in comparision
to analogue one, the recording errors for: a length of
distance travelled, speed and duration of driving time
are not subject to verification. The brand new recording
equipment is delivered to the manufacturers of vehicles
authorised for servicing the inactive digital tachographs. It means that all parameters have default values.
For that reason a person installing the recording equipment is obliged to perform a preliminary calibration
of the tachograph – i.e. to enter the setting values and
the vehicle identification data. In case these parameter
values are not determined (available), the chain type
parameters will be marked with “?”, and the numerical
ones with „0”.
The installation is the only action when the setting the
calibration data without the necessity of using the workshop data card is possible.
After completing the operations necessary for assembling the recording equipment, all connections, breaking
of which can cause an undetectable interruptions in recording or data loss, should be sealed with leads.
The last stage of the tachograph installation is documenting the results, i.e. printing and assembling the so
called descriptive plaque. The installation plaque must be
also sealed with leads unless it is placed in a way making
its removal without visible traces impossible.
The tachograph installed in the vehicle should be subject to the activation procedure before leaving the place of
installation. The activation of the digital tachograph is a
set of actions (operations) resulting in:
• readiness of the recording equipment for operation
(i.e. recording the driver’s work time performance);the
functions for recording and storing the data are being
activated;
• activating the tachograph safety functions.
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The tachograph activation is automatically performed
by the first insertion of the valid workshop data card into
the card reader and entering the correct PIN code. During
the activation process the matching the speed sensor and
vehicle unit occurs. All actions relating to the activation
procedure should be carefully performed as repeated use
of an incorrect PIN can result in a permanent interlock of
the workshop data card.

5. Level of implementation
of digital tachograph
system
Level of introducing the system of the digital tachograph, leading it, was divided into the following elements:
• issue of digital tachograph’s card,
• connect to TACHOnet system,
• approved of digital tachograph workshop,
• trained and equipped control services.
States which do not issue cards in the system of digital
tachographs:
• Croatia (January 2009 start to issue cards),
• Serbia,
• Kosovo (the first half of 2009 will begin issuing cards),
• Cyprus.

States, which have not started methods of checking
and calibrating digital tachographs:
• Greece,
• Malta (it adopted the Italian system, drivers are going to
Italy to carry checking and calibrating digital tachographs),
• Kosovo,
• Serbia,
• Croatia,
• Cyprus.
Almost all states accomplished training and equipping
of control officers, with the exception of:
• Greece,
• Portugal,
• Romania,
• Serbia,
• Croatia,
• Kosovo,
• Cyprus.
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• in 2008 – 3337926,
• in 2009 – 4474211.
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malfunction. In consecutive years, percentage participation of malfunctioned cards were:
• in 2005 – 0,32%,
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• in 2008 are 0,85%.
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A certain group of vehicles is excluded from this obligation (these exclusions are stated in the Regulation (EC)
No 3821/85 of 20 December 1985, Article 4). Such exclusion can be considered as a certain departure of the Annex
1B provision no 243 which states. The vehicle manufacturer and the workshop are obliged to activate the installed
recording equipment before a vehicle leaves a manufactury of the vehicles, where the installation took place, the
most frequently.

Fig. 11. N
 umber of approved workshops in Europe in 2006–2009
(part 2)
Source: [own work]

At present they are being led widely snitch works above introducing the system of digital tachograph in such
states as Russia, Ukraine or Moldova.
Level of implementation of digital tachograophs system is presented in table 1 and in figure 2–11. They present
situation of each country and connected do TACHOnet
system, number of issued cars (driver, company, workshop,
control), number of approval workshop in country of Europe and situation with malfunction, stolen or lost cards.
In Europe digital tachograph cards are issued by 32
card issuing authorities. In consecutive years of functiong
of digital tachograph system the following number of
cards were issued:
• in 2005 – 233087,
• in 2006 – 877363,
• in 2007 – 1626077,
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ABSTRACT

Selected systems for controlling the operation of water system pump stations are characterised. Dependencies defining the efficiency of a pump set are presented in consideration of pump and motor
efficiency variations at variable characteristic curves of distribution. Pump and motor efficiencies at
constant and variable rotational speeds are defined. A comparative analysis of water pumping energy
consumption is carried out for the control systems under discussion, where the distribution characteristic curves describe irrigation systems.
KEYWORDS: efficiency, water pumping, control system, energy consumption, motor efficiency, pump efficiency

1. Introduction
Ineffective consumption of energy adversely affects
the natural environment. An improved energy effectiveness of operation processes limits end users’ demand
for energy and has beneficial impact on climate effects,
restricts harmful emissions, improves health conditions,
and limits the energy consumption of the Gross National
Product [7], [13].
Significant quantities of energy are necessary to transport water. Water system pump stations in Poland are estimated to consume approximately 2,000 GWh a year. To
improve the energy effectiveness of water transportation,
it is necessary to reduce the energy consumption of pumping e [kWh/m3]. Unit energy consumption depends on
the efficiency of a pump and an induction motor and, to a
substantial extent, on a control system of a pump set [13].
The choice of a control system depends on the nature
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of distribution in a water system, where the given pump
set is expected to operate [6], [7], [13]. Irrigation systems
in farming, forest management, in sports and leisure facilities are special cases of a water system [3]. As opposed
to municipal water mains, a pump unit of an irrigation
system may operate at variable pressure in the pump set
collector, while the water distribution is known and recurrent. The pump set collector pressure and water station
flow rate depend on the number and type of working irrigation equipment. The irrigation equipment has a constant nominal pressure and is combined in so-called sections. The flow rate of a section is the sum total of outputs
of irrigation devices making up such a section. Each section is therefore characterised by a pressure and nominal
distribution that slightly change over a system’s lifecycle
as the irrigation equipment experiences wear. Each section operates for a time, which is dependent on the type
of irrigated vegetation. The irrigation time may vary in
line with weather conditions. Thus, it can be assumed that
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characteristic curves of an irrigation system’s distribution
are constant and recurrent in cycles [3].
The nature of distribution in irrigation systems presented in this paper provides an opportunity for developing an energy-saving control system dedicated to these
applications. An energy-saving control system for pump
operations would be based on the provision of a nominal pressure for irrigation equipment and minimization of
unit energy consumption of a pump set, determined on
the basis of momentary efficiencies of pump units.
This paper presents a comparative analysis of the energy consumption for water pumping in irrigation systems
for selected control systems. A characteristic curve of an
irrigation system’s distribution is defined with regard to
discrete productivity variations and pressure associated
with types of the irrigation equipment used.

2. Energy consumption for
water pumping
The effectiveness of water pumping depends, among
other factors, on momentary efficiency ηc of a pump set.
a

Energy-saving control systems for water pumping processes should select rotational speeds nzi of pump units so
as to maximise total efficiency ηc of a pump unit while
providing for minimum requirements of users. Efficiency
ηc of a pump unit is expressed as [13]:
(1)
where: Qc – total efficiency of a pump set; Qzi – capacity of ith pump unit; ηzi – total efficiency of a pump set;
m – number of working pump units.
To assess the energy consumption for water pumping
when selected control systems are applied to pumping
operations, a general dependency is defined for the unit
energy consumption e of pumping:
(2)
Based on equation (2), which defines unit energy consumption e of water pumping, dependencies can be developed to define unit energy consumptions for pumping for
selected control systems of pump sets.

2.1. Energy consumption for pumping,
where cascade control is applied

b

Cascade control (Fig.1b) involves turning pumps in a
pump set on and off depending on momentary water distributions Qc and set values of head – maximum Hmax
and minimum Hmin. Pump motors are powered directly from electricity mains of constant voltage frequency
f=50Hz. As frequency converters are not part of this control system, the efficiency ηfi is assumed to equal one. The
characteristic curve of a pump set flow changes depending
on the number of pumps in operation (Fig. 1a). Declared
head values of Hmax and Hmin determine a variation range
of a pump station’s flow rate from Qmax to Qmin. Energy
consumption unit ek for cascade controlling is [13]:
(3)

2.2. Energy consumption for pumping,
where a single-drive control is
applied

Fig. 1. C
 ascade control system: a) plumbing and wiring diagram,
b) curve of a pump set flow
Source: [own work]

Volume 3 • Issue 2 • May 2010

Converter control involves selection of a lead pump in a
pump set, with its motor supplied from a frequency converter (Fig. 2a). Such a pump operates at variable rotational speed, which stabilises pressure around a set head Hzad (Fig. 2b).
At a nominal rotational speed nN, the lead pump operates at
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a

a maximum. Unit energy consumption eM of a pump station under a multi-drive control is:
(5)

3. E
 fficiency of a pumping
unit
Efficiency ηzi of ith pump unit is defined as efficiency
ηfi of a frequency converter multiplied by efficiency ηsi of a
pump drive and efficiency ηpi of a pump [7], [13]:

b

(6)
It is assumed here that efficiency ηfi of a frequency converter is constant regardless of the voltage frequency f at
the converter input and of the output active power P1.

3.1. Pump’s efficiency

Fig. 2. S
 ingle-drive control system: a) plumbing and wiring diagram,
b) curve of a pump unit flow
Source: [own work]

flow rate Qz1N with head Hzad. If water flow rate diminishes
from Qz1N to Qz1 in order to maintain head Hzad, the rotational speed is reduced to n1, so that the pump’s working point
(Qz1, Hzad) is part of the flow characteristic curve determined
for n1. If water flow rate rises above Qz1N, additional pumps
in the set are turned on and working at a rotational speed nN.
The pump unit energy consumption ep is defined [13]:

Depending on a control system, pump units may operate at constant nominal rotational speed nN or variable
rotational speed nzi. Determination of the pump’s ηpi with
regard to both types of pump operation requires the application of different calculation algorithms.
Efficiency ηpi of ith pump, where a pump set operates
at constant rotational speed nN, is calculated on the basis
of characteristic curves supplied by a pump manufacturer.
The dependence efficiency ηpi=f(Qzi) can be expressed as a
quadratic function [5], [7], [13]:
(7)
where: a, b, c – quadratic equation factors.

(4)
where: ηz1 - efficiency of the leading pump unit Qz1

2.3. E
 nergy consumption for pumping,
where a multi-drive control is
applied
A multi-drive control system involves varying rotational speeds of all pumps in operation in order to maintain
Hzad of the pump unit, when pump station’s distribution
Qc changes [3], [13]. Each pump motor is supplied from a
frequency converter (Fig. 3).
Rotational speed nzi of operating pumps is selected in
order to maintain the total efficiency ηc of a pump set at
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Fig. 3. Plumbing and wiring diagram for a multi-drive
control
Source: [own work]
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To determine the pump’s efficiency ηpi for a working
point (Qzi, Hzad) at efficiency nzi, it is necessary to establish
flow rate Q1 for the pump’s rotational speed nN corresponding to flow rate Qzi (Fig. 4) [13]
A characteristic curve of a pump’s flow at nominal efficiency nN is defined:
(12)
On the basis of equations (11) and (12), a dependency
defining flow rate Q1 is derived [7], [13]:

(13)

Fig. 4. G
 raphic algorithm to determine the efficiency of a
pump at variable rotational speed
Source: [own work]

The head Hpi of a pump is based on a flow characteristic curve expressed by [7]:
(8)

Efficiency η1(Q1) is defined by means of equation (7).
Employing the resultant efficiency η1 and the original power function of the pump [7], the pump efficiency ηpi is
computed:
(14)
Rotational speed nzi of a pump unit is derived from
equation (10) and defined:

where: H0 – static pump head; A, B – quadratic equation factors.
In order to determine efficiency ηpi of ith pump operating at a variable rotational speed nzi, the method described in [13] is employed (Fig. 4). The pump’s operation at
a variable rotational speed causes its flow Qzi and head Hpi
to vary. According to the theory of probability, the flow Qzi
is assumed to vary following [7]:

(15)

3.2. Efficiency of an induction motor
Based on the pump’s head Hpi, flow rate Qzi and efficiency ηpi, the power P2i across the motor of ith pump unit
is defined according to [7], [13]:

(9)
where: Q1 – pump unit flow rate at a nominal speed nN
and pump head H1 (Fig. 4).
The pump’s head Hzad varies in proportion to a square
of rotational speed nzi [13]:
(10)
Equations (9) and (10) produce a relation between the
pump’s head and flow rate at variable rotational speed:
(11)

Volume 3 • Issue 2 • May 2010

Fig. 5. Sample arranged characteristic curve of distribution
in an irrigation system
Source: [own work]
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Table 1. Unit energy consumption e.

(16)
Cascade control

where: ρ – water density; g – acceleration of gravity.
Torque Ti across an induction motor shaft is defined as
the relation of P2i across the shaft to the motor’s rotational
speed nzi [8], [9], [12]:
(17)
Assuming a linear dependence of the motor’s slide s
on shaft torque Ti ranging from 0.5TN to TN, relative frequency f* of the motor supply voltage can be determined
by means of:
(18)
Papers [1] and [4] define power losses ΔPi across a
squirrel-cage induction motor as a function of f* and relative shaft torque Ti*:
(19)
a)

b)

Fig. 6. Variation of the unit energy consumption e as a function of the
total flow rate Qc: a) Hzad=50m, b) Hzad=85m.
Source: [own work]
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Converter control Multi-drive control

ek

ep

eM

[kWh/m3]

[kWh/m3]

[kWh/m3]

0.396

0.283

0.253

Knowing power losses ΔPi and power P2i across the motor
shaft, the motor’s efficiency ηsi can be defined [8], [9], [12]:
(20)
where: P1i – active power consumer by the motor of
ith pump unit.

4. M
 odelling of a pump set’s
operations for a selected
characteristic distribution
curve
With the aid of the foregoing dependencies, a comparative analysis is undertaken of unit energy consumption for
pumping e for selected control systems. Minimum value of
unit energy consumption e serves as the criterion of analysis.
The comparative analysis is based on the following assumptions:
• the pump station consists of five Grundfos CR32-5
pumps [2], [10],
• flow rate Qc of the pump station varies according to
the flow curve (Fig. 5),
• head Hzad of the pump station ranges from 40 to 85 m,
• working time of the pump station is t=11.5 h,
• efficiency of frequency converters is constant ηf = 0.95,
• flow characteristic curves and pump’s efficiency η at
nominal rotational speed are derived from pump manufacturer’s technical specifications [2],
• at the time of cascade operation, a set head equals minimum head Hzad=Hmin.
Unit energy consumption coefficients for selected
control (Tab. 1) were derived from simulations. The lowest coefficients were obtained for the multi-drive control
system. For a set characteristic curve of distribution, the
multi-drive reduced the unit energy consumption by 11%
compared to the converter control system and by as much
as over 50% in comparison with the cascade controlling.
Numbers of pumps operating in pump sets are indicated in figures 8 and 9. At a head of 50 m (Fig. 6a) and maximum flow rate Qmax of a pump set, only three pump units
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operate. At a head of 85 m, the number of operating pumps
rises to five in order to reach the maximum flow rate Qmax
(Fig. 6b). This results from the characteristic curve of the
pump’s flow (8), where an increased set head reduces the
pump’s capacity. Reduction of the set head Hzad increases
the energy consumption for pumping under the cascade
pumping system (Fig. 6). The principal reason for the increased energy consumption is the impossibility to reduce
the pump’s H, closely connected with the flow rate Qzi at a
constant nominal rotational speed nN of a pump unit.
The operating principle of the cascade control system
causes head H in the pump station collector to be greater
than the minimum head Hmin sufficient for the operation
of irrigation equipment. The difference in heads ΔH=HHmin causes head losses that generate additional losses of
electric power. The application of converter control reduces this effect and, when only a single pump is in operation, the unit energy consumption for pumping is the
same as in the case of multi-drive control (Fig. 6a).
However, the addition of more pumps operating at the
nominal rotational speed nN increases unit energy consumption ep for pumping, when compared to the multi-drive system. When a pump set operates close to its nominal capacity
QmN and its nominal head HN, the differences among the
control systems are negligible (Fig. 6b). Adverse effects of
applying a frequency converter on the unit energy consumption for pumping can be noted in Fig. 6b. Where a pump unit
works at its nominal capacity QN and nominal head HN, the
frequency converter generates additional losses associated
with electricity conversion [11] and, in these cases, causes the
unit energy consumption for pumping for multi-drive and
converter control systems to be greater than for the cascade
controlling. Given the selected characteristic curve of distribution, however, this does not lead to increasing the total unit
energy consumption for multi-drive and converter control
systems. Our calculations indicate that, where a multi-drive
control system is employed, the maximum power and torque
across the pump motor’s shaft are approximately 20% lower
than in the case of cascade control.

6. Conclusions
The comparative analysis of a pump station’s energy consumption in irrigation systems suggests that the multi-drive
provides for the most energy-saving water pumping, given
a sample characteristic curve of distribution. Calculation
results lead us to believe that the application of this control
system to irrigation should bring expected reductions of electricity costs. The converter and the multi-drive systems exhibit lower unit energy consumption at the flow rate ranging
from 0.25QmN of a pump set’s flow rate QmN. In addition, the
multi-drive system reduces the unit energy consumption for
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pumping when it becomes necessary to lower the head in the
pump station. The application of frequency converters to drive all motors additionally reduces water hammers associated
with a direct start-up. This prevents faults of irrigation systems by extending the lifecycle of hydraulic equipment and
reducing the fatigue of pipeline and fitting materials.
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ABSTRACT

This article presents the problem of proper use of navigational integrated equipment installed on modern
vessels. Large number of electronic aids to navigation and even greater amount of information obtained
make it possible to integrate and arrange these devices in a proper way. Such arrangement of all instruments make it possible to present all their data and information on the screen of electronic chart.
The dynamic development of information technology gave rise to electronic charts. The authors focused on the possibilities which are offered by electronic charts and presented the possibility of integrating individual instruments such as gyrocompass, log, echo sounder, GPS, ARPA and AIS and the
information gathered from them with an electronic chart. This is a subject with further prospects and
both all the companies producing the software as well as the ship-owners aim at the most efficient use
of this device in order to improve the safety of navigation. This work also presents the mistakes which
are made when electronic charts are used improperly. The further development of this system and the
possibilities it can offer the future users are also presented here.
KEYWORDS: Electronic chart, ECDIS, navigational information, integration of equipment
and navigational information, human error, integrated bridge

1. Introduction
Proper and accurate navigation in these days is based
on the information obtained from various navigational
aids. That is why the officers on the watch have to be able
to make use of all of them at the same time. This skill is
very important for safety of navigation. The development
of navigational instruments installed on board the vessels
improves the safety of navigation at sea. The instruments
provide a lot of different information, but too much at the
same time. Therefore there is need for selecting information that is necessary for the officer on the watch at a given
moment. A navigator must know exactly what is needed
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and useful at any time to make the right decisions to navigate the vessel safely. Too much information given by all
the instruments may result in mistakes during decision
making. Such mistakes may be caused by limits of some
navigational equipment, improper interpretation of the
data (human error) or by the fact that they are not updated. The more information we have, the more possibilities
of making mistakes arise. The development of information
technology makes integration of some equipment used on
navigational bridge possible, which facilitates the work of
officers on the watch. An important feature of integrated
navigation system is the possibility to collect information
about vessels’ traffic in a given area and send such information directly to VTS centre or to the ship owner. Some
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Fig. 1. I ntegrated navigational bridge
Source: [own work]

attempts have been undertaken to create vessels without crew with the use of IT. One of such vessels is a yacht
which is equipped with different types of devices of remote and intelligent steering. It can sail unmanned. At the
present stage of technology development all the devices
can be combined into one coherent unit.

2. Possibility of integration
of navigational equipment
The increasing number of navigational devices and
restrictions of human perception forced the producers to
create such equipment which enables the watch officer to
read on one screen also the data from other screens. There
is tendency to improve the systems in such a way that the
most important information regarding safe navigation can
be found in one unit. This can be achieved by integration
with other devices. Initially, radars where integrated with
other equipment. Combining radar with the GPS receiver
and gyrocompass enable the officer to read ship’s own
course on a radar screen and update own positions and
positions of echoes detected by radar. Positions of other
echoes were found basing of our positions obtained from
GPS signal. The signal from gyrocompass made it possible
to illustrate the course of our vessel. The data regarding
the ship’s own speed was obtained by integrating radar
with ship’s log. An additional device, ARPA, making it possible to trace radar echoes was created with such data. By
combining data from these three devices ARPA provides
automatic tracing of a given radar echo, as well as, defining the parameters of it’s movement, such as speed and
relative course. It has always been a very useful device during anti-collisions maneouvers. On the radar screen the
officer can see not only the objects detected by the radar
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but also courses, relative courses of other vessels. Thanks
to these functions the officer of the watch on the bridge
is able to see the situation clearly and make prompt decisions and actions to avoid collisions. Another important
aspect, from the point of view of the navigating officer, was
the integration of gyrocompass and magnetic compass in
the bridge control panel. This innovation made it possible
to steer the vessel automatically and was especially useful
in unrestricted areas.
Next step was creating integrated navigational bridge.
The basic assumption was to collect all the necessary information for safe navigation in one place, so as the navigating officer has easy access to all data at any time.
The development of technology introduces more and
more modern and sophisticated navigational aids, such as
AIS (Automatic Identification System) and ECDIS (Electronics Chart Display). Even these systems have some
restrictions. The basic problem faced while using AIS is
reliability of the data obtained with this device. The operator has to compare the data from AIS with the data from
radar and on such basis has to decide whether the received
information is true or not. Primarily the system of electronic charts was meant to be an auxiliary device. However,
at present it replaced standard paper charts once it follows
some requirements. The producers focused on integrating
different navigational devices with ECDIS. This work presents the possibility of integrating electronic charts with
different navigational devices.

3. The possibility of
presenting navigational
information in ECDIS
The system of electronic charts ECDIS was mainly created to replace paper charts. Thanks to this system a navigator is able to concentrate more on observation of current
situation rather than on marking positions and plotting the
course or planning the sea passage on a paper chart. Electronic chart has the possibility to register data regarding
positions, course alternations, and changes in speed etc. automatically, at regular intervals set by the operator. The development of these systems led to new solutions which help
officers of watch to assess the situation of a vessel in a given
moment in a better way. Integrations of electronic chart system with such navigational devices as RADAR and ARPA,
AIS, log, GPS, autopilot, gyrocompass or magnetic compass,
echosounder, wind sensor, VDR made the process possible.
In this way a system was created where all the information indispensable for officer on watch is presented on one screen of
electronic chart. Thanks to this system the officer can assess
the situation properly and is able to navigate safely.

47

Possibility of integration of navigational information on electronic chart

Fig. 2. I ntegrated devices displayed on the ECDIS screen
Source: [own work]

Integrating GPS or other equipment defining the present position of the vessel with ECDIS makes it possible to
display present position of the vessel on electronic chart
screen. The officer can see what the distance of the vessel
from dangers to navigation is and is able to take proper action to avoid collisions. Additionally, these positions can
be registered automatically in ECDIS database at regular
intervals. Position of our vessel is especially important
with reference to safety of navigation. Another important
feature of the system is the possibility to implement our
vessel’s contour. We can give our particulars (length, breadth and height), as well as, our present draft. In this way
our position is presented on the electronic chart more accurately. In order to improve the accuracy of the displayed
position we can insert data regarding the location of the
antenna of the positioning system installed on board the
vessel. This helps to define the ship’s position on the electronic chart very accurately.
ECDIS presents the officer a lot of information which
can be used to define proper and safe route of the vessel.
One of the most necessary items of information is the
depth of the area. Thanks to these data the officer can
mark the limits of safe navigation. The chart also provides
data regarding dangers to navigation, as well as, sea and
land marks. These data are clearly shown on the screen
and a click on the object offers additional information
which is not present in case of paper chart. For example,
the additional information about seamark may give light
characteristics, the shape, top mark etc.
When carrying out navigation on bridge using electronic chart, we get the same data as on paper chart but
in a far better way, i.e. more clearly and with present position of our vessel. This process is automatic. The user has
possibility to insert own symbols on a chart which facilitates navigation. While we sail on the same route, it is
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possible to implement such points as pilot embarkation or
the place we drop anchor, as we know them from previous
experience. An electronic chart with such points marked
on it helps navigator to define such points easily and plot
the course towards them in coastal navigation. Electronic
chart has two automatic functions marking contours of
sea area, safe for navigation. This area is made out on the
basis of parameters introduced by the watch officer. The
function (safe depth) makes it possible to mark the depths
which are unsafe for our vessel clearly once we insert the
data regarding our ship’s draft. Another similar function
is “safe contour”. This function shows us sea area which is
unsafe for our vessel when taking into account draft. The
operator can also set the alarm which is activated when
critical values are either exceeded or approached. Thanks
to this alarm the officer will be immediately alerted about leaving the route by acoustic and visual signal. In this
way this device is more effective while warning against
danger. The operator can also incorporate echo sounder
to electronic chart. In such a case, apart from the depth
presented on the chart, we also have the depth of the area
displayed on the screen based on indications of the echo
sounder. The officer can compare the readings from the
device to those data from an electronic chart.
It is very important to integrate electronic chart system with gyrocompass, with log indicating speed over
water and with anemometer. Thanks to these data the system can calculate the direction and speed of true wind.
Consequently, this can define the parameters of leeway
of our vessel. Another important feature of this system is
the possibility to define current which has influence on
our vessel. Special software calculates the ship’s course and
speed over ground using information from GPS or other
positioning system. We can define the drift of our vessel
accurately by comparing these values with ship’s course
and speed over water. These data are indispensable during
ship’s passage through narrow channels, restricted areas or
while entering the port. It makes it possible to adjust the
course quickly and efficiently in order to pass a given sea
area. It is very important that electronic chart can display
speed vectors of ship’s course over water and over ground.
This graphic representation is very useful because the navigator can state if he altered the ship’s true course properly. This vector shows if the ship’s course over ground is safe
or leading towards danger.
It is extremely useful to overlay radar picture on the
chart in order to define and identify given seamarks or
landmarks. This function makes it possible to overlay
object detected with the help of radar on the electronic
chart. Thanks to it is possible to identify points which
can be used to define with radar ship’s position quickly.
Such coverage offers new possibilities of detecting dangers
and advances the time of assessing present ship’s situation
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which, further, is extremely important for the safety of navigation. The most modern radars and electronic charts
provide the possibility of far reaching integration of these
two devices. In the most modern versions of electronic
charts there is remote control of such radar settings as tuning, sea and rain clutter and gain. In modern equipment
there is possibility to control options or other navigational
aids from one function (electronic chart) and to display
information on one screen. This helps the officer on navigational watch to assess present situation easily.
Electronic chart, ECDIS, can also be very useful to
make collision avoiding decisions or during these manoeuvres. Thanks to integrating this device with radar fitted with
system of automatic tracing of echoes ARPA, we can display
echoes on an electronic chart which were activated on radar
screen with their vectors of movement and relative or true
speed. This situation is very useful for officers as they can
observe parameters of movements of other vessels on one
screen and also restrictions of a given sea area presented
on a chart such as: depths or dangers to navigation. All this
helps to plan safe collision avoiding manoeuvre in which
all elements of potential threats to ship’s safe navigation are
taken into considerations. Another device which is also
extremely helpful during collision preventing manoeuvres
is the system of automatic identification of ships AIS. The
data from this device can also be displayed on the screen of
our electronic chart. Apart from graphic representation of a
given vessel in a given position we can also see vector of its
movement and speed. We can also get more detailed data
regarding a particular vessel. Pointing at an object displayed
thanks to AIS data we can obtain additional information
such as: MMSI number of a given vessel, name, call sign,
type of vessel, navigational status, present position, course

Fig. 3. D
 evices and navigational information integrated with ECDIS
Source: [3]
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and speed, CPA and TCPA, port of destination, ETA, vessels dimensions, type of cargo carried, number of crew
members and other data. Thanks to such information we
get all data regarding a vessel which may be on a collision
course, which is dangerous for us. There is one more situation which is new and has not been observed before. The
operator can compare the data received from ARPA with
those from AIS and state if the data transmitted by means
of AIS are true or false. We can also easily identify the name
of the vessel which is traced with ARPA. Integration of such
information on an electronic chart helps us to assess information in a very good way and makes the contact with potentially dangerous vessels possible.
The development of electronic charts and technology
was meant to provide the most of possible information to
the navigators and to make the operation of some instruments easy, as well as, to reduce time needed and to increase
the quality of work and to limit the number of errors caused
by human factor. Passage planning on electronic chart is an
easy and nice task. Here we have a number of functions at
our disposal which make our job easy. What is most important we do not have to look for a set of charts for a voyage
and to copy courses form one chart onto another. We can
insert our points on the electronic chart and the whole route is drawn automatically. In a form of a table all the following points of changing course and the course we should
steer to reach a given point are presented. Parameters regarding maneuverability of our vessel can also be inserted into
the system. This is a very useful function because with such
information the system will show us the point where we
should start the manoeuvre to alter course. In order to be
on the planned route after the change of course, the system
in an automatic way gives us distances between given points
of changes and also makes it possible to calculate the time
needed for the whole voyage, different speeds of our vessel
are also taken into consideration. When we finish voyage
planning and when we insert data about vessel’s draft and
the required under keel clearance, the system in an automatic way checks the planned route. It is done by checking
if our route is not crossing shallow waters, prohibited area
dangerous for navigation. Combining an electronic chart
with an autopilot is very useful when we have already had
our voyage route planned. The autopilot’s parameters can be
set in this way that the vessel will follow the track appointed
on a chart. At that moment the navigator’s role is only to
control if the autopilot is steering the given course.
Modern systems of electronic charts make use of other
helpful tools, which up till now have been accessible only
in books or by means of specialized programs. Nowadays,
from the electronic chart, we can obtain information about ports which contain the following:
• data regarding services rendered in a given port,
• addresses and telephone contacts of port authorities,
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• VHF channels used in communication with pilots,
• information necessary in reporting systems (all the
data it should contain, when, to whom and on which
channel must it be sent),
• other information, the navigator thinks is necessary.
We also have access to data regarding tides, tidal streams and sea currents. It is extremely important information when port approaching, as we know what conditions
may be expected there. Some systems of electronic charts
were fitted with special software to receive weather information. In this way we can get information about present
weather conditions in a given area. We can obtain the following data regarding:
• fog, mist,
• heights and directions of wind wave, swell,
• precipitation: rain, snow, hail etc.,
• storms, cyclones,
• other weather phenomena.
Additionally, we have also access to a function person
over board (MOB) which makes it possible to mark the
position where the person fell over board and to monitor
this position constantly. It is a very useful function during
search and rescue operation as we can see the marked position and in this way we can define the search and rescue
area easier and faster.
However, there are also some disadvantages and restrictions in this system. ECDIS can be a very useful tool
enabling safe navigation but when used improperly it can
result in collision of our vessel.

4. Errors observed while
using electronic charts
The most frequent mistake made by the user of ECDIS
is the choice of improper scale of the electronic chart. The
electronic chart follows the rule: the larger scale the more
details can be seen, the smaller scale the fewer details can
be observed. It is extremely important because when we
use small scale chart of a given sea area we cannot see
some information regarding isolated navigational dangers; they are not displayed. That is why navigators who
base only on electronic chart should be careful as a lot of
cases of running aground were noted which were caused
by choosing by the officer improper chart scale where
some important details were missing. The best solution is
to add echo sounder and observation of its readings to the
system as they can warn us against danger.
Another frequent error observed while using electronic chart is the function of automatic change in defining position. When the signal disappears from the basic
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system of defining position such as GPS, the program
switches to another system automatically. This system it
is usually dead reckoning set by the producer. The operator has the possibility to change the other source of defining position or he can turn off the automatic switch
of positions. In case of switching to dead reckoning our
position will still be displayed but it will be defined on
the basis of the last marked course and speed. The navigator can see position of the vessel on the screen of the
chart, however, this position is not the true position of
own vessel. It is a frequent cause of collisions. Officer
should carry out constant observation not only of the
chart but also pay attention to readings and indications
and alarms shown on a panel being an integral part of
electronic chart system.
An operator of electronic chart system has to draw attention to appropriate tuning of radar because improper
radar display will cause shifting of positions and the information shown on a chart will be illegible. Proper attention
should also be put on echoes traced by ARPA. All equipment has its restrictions. Sometimes it happens that ARPA
loses the traced object or the target will be proceeding very
close to a buoy or other object and ARPA will automatically
start tracing the fixed object. If we do not monitor that situation constantly it may happen that our collision avoiding
manoeuvre will be done in relation to a fixed buoy and not
to a vessel which is on a collision course.
The navigating officers should also be aware of errors
generated by automatic identification of a ship and displayed on a screen of electronic chart. These errors from
AIS can be generated twofold: by our equipment, and by
improper data sent from other vessel’s equipment. That
is why the officers should always compare the data form
ARPA with the data from AIS and basing on such information they can state if AIS gives true or false information. The possibility to overlay the picture from ARPA and
from AIS onto the screen of electronic chart makes the
process easier. All this makes it possible to identify vessel
and check information about a given vessel. According to
international regulations we cannot take into consideration the data obtained from AIS during collision avoiding
manoeuvres because such information can be false. It should be stressed that some information must be inserted
to AIS manually by the operator and if it is not done, the
device will also transmit false data.
The most important problem is the operators’ level of
knowledge of electronic charts. All electronic chart users
should be aware of restrictions imposed by this device,
as well as, by other instruments integrated with it. Such
knowledge will allow avoiding a number of errors and making safe navigation possible. The development of technology will enable getting rid of some errors and restrictions
of some devices in the future.

Archives of Transport System Telematics

H. ŚNIEGOCKI, M. WIELIKI

5. The future of ECDIS, the
integrated system of
electronic charts
Nowadays, the international organisations are
working out the requirements regarding the system of
electronic charts. This system is to be made compulsory equipment on vessels by 2012. However, the requirements imposed by the organisation are not easy
to be met. This system not only must be fitted with an
additional source of power supply but also must have
a backup device ready to be used at any time. The conditions for updating these charts must also be possible.
The updating must be possible in any conditions and
there are three ways of updating, i.e. via internet, via
satellite and from a CD record. The last mentioned method is not taken into consideration because it is least
convenient, as it may result in delays and long breaks
in updating when the vessel is at sea or in the sea area
where there is no possibility to deliver the post from the
shore. The development of information technology will
soon make installation of the system on vessels and its
constant progress possible.
Modern electronic charts and fast net connection
with land will enable monitoring the situation on a given vessel all the time. Thanks to it the picture of all
situations can be sent further on land or to the ships
owner or to VTS centre. The ship owner will be able to
control the position of the vessel at any time and will be
able to see the same information which is at the disposal of officer on watch in real time. Additionally, thanks
to the installation of visual system the development of
unmanned vessels may be possible in the future. Such
vessels would be controlled from land basing on the
information sent directly from this vessel. This visual
system would facilitate the work of port pilots as they
would not have to embark the vessel each time. They
would manage the traffic from a certain place on land
having at their disposal visual system and indications of
all ship’s instruments.
The development of electronic chart system and integrating it with the systems used for example in the ports
or VTS centres will make sending current information
regarding the sea area a vessel is entering possible. Such
centres could send updated charts of port approaches or
send corrections regarding e.g. work or surveys carried
out etc, and such information would automatically be inserted on electronic charts. At present electronic charts
and their integration with other devices is for many
companies priority and everybody wants to invest in this
field of maritime technology.
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6. Conclusions
The development of electronic chart systems is inevitable because despite present restrictions, the advantages following its usage are enormous. It causes that
navigation is not only easier and safer but this system
also shortens the time the officer needs to make decision regarding collision avoiding manoeuvre. However,
each operator should be aware of restrictions of this
system and should not over rely on the picture displayed on the chart. The officer should be familiarized with
the alarms generated by the system, readings from other
devices accessible at the level of an electronic chart and,
first of all, should keep a sharp lookout. At present, an
investigation is being carried out in Maritime Chamber regarding collision connected with the use of electronic chart. The officer on watch relied only on the
indications of the chart to that extent that he had no
reading from echo sounder; such negligence resulted in
running aground.
It is also possible to switch automatically from one
system defining position to the other without the operator’s interference. Dead reckoning is usually the other
system to find the ship’s position. In this connection it
is very important to train the staff operating this system
in a proper way and to acknowledge this training with
international certificates. The operators should know
how to use the system of electronic charts and should
be aware of errors generated by the system and the ways
to avoid some of them. Integration of this system with
other vessel’s devices will make it possible to display
lots of different information on a screen of one monitor. The task of the officer is to define which of these
data are needed at a given moment and to decide to
switch off those which are not necessary in appropriate
options of the programme. One should be aware that
too much information leads to misinterpretation. The
proper selection of the data obtained with this device
is one of the most important skills the operator of the
system should gain.
In the future, thanks to visual transmission via
satellites, the navigating officer will be supported by
people on land. This refers also to collision situation
where OOW would be able to contact appropriate shore based unit which on the basis of the data received
from the integrated system of electronic charts and on
the basis of visual signals sent by satellite will advise
the navigator the best collision avoiding manoeuvre.
Thanks to this solution navigation will become much
safer and the number of accidents which create a great
threat both for people and natural environment will
be decreased.
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