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ABStRAct
Electronic payment systems used for urban services are implemented and funded by the public sector. Those are 
rather big investments, characterized by high costs, but they also allow for gaining profits – mainly connected with 
the transport offer optimization and with more effective price management. When preparing the documents, among 
other papers concerning functionality or technical and technological solutions, it is necessary to prepare a feasibility 
study, in which the assessment of the effectiveness of such investments is an important part. To do so, one ought to 
identify and assess the costs and the profits connected with the realization of such projects. Such assessment ought 
to be performed within the frame of financial analyses (from the perspective of the unit implementing and using the 
solutions) and of economic analyses within which the external costs and profits should also be considered.

KEYWORDS: economic effectiveness, electronic payment systems, urban services, external costs and 
profits, urban transport

1. Introduction
In cities, both in Poland and abroad, the electronic card based 

payment systems are being implemented in urban collective 
transport services. There is a tendency to find the solutions in which 
it will be possible to pay not only for urban transport services, 
but also for other urban services (parking, fees paid in urban 
institutions), taxes, and to pay for the goods not provided by the 
public sector in the places where one may pay by a credit card [1].

However, despite widening the function and the service range, for 
which one may pay thus, among public services the biggest financial 
flow is connected with payments for urban collective transport 
services [2].

Electronic payment systems used for urban services are 
implemented by the public sector. Those are investments 
characterized by relatively high implementation costs, as well as 

great operational costs (for example Warsaw, where an electronic 
card payment system was implemented in 2001, the worth of 
contract was PLN 91 million net). When making a decision 
concerning the implementation of an electronic payment system 
for transport services, or, more widely, for the services provided 
by the public sector, it is necessary to assess the effectiveness of 
such investment, especially the ratio of investment compared to 
potential profits [3]. One ought to take into consideration the 
fact that part of the profits, connected with the implementation, 
come from the transport system environment, both on a local 
and on a national scale. It is important to predict the investment 
costs precisely, as very often in the case of IT projects the costs 
and time of realization are underestimated [4]. Often, when 
preparing the feasibility study, not all the costs are identified, 
focusing mostly on purchasing the equipment and the software 
or on expenses of investing costs. On the example of the project 
being prepared in the central part of Śląskie Voivodeship, the 
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implementation of Silesian Card of Public Services (ŚKUP), the 
costs and the advantages connected with the implementation of 
electronic card payment system for the urban services will be 
presented.

2. The rules of assessing the 
effectiveness of investment 
projects

IT projects do not generally differ from typical investments, 
therefore they are subjected to standard procedures of financial and 
economic assessment. To assess the investment project one may 
use simple methods of financial assessment of developing projects 
and more precise methods – discount economic outcome account, 
taking into consideration the time factor using a discount technique, 
meaning the method based on calculating the net present value 
(NPV) and the method within which the internal rate of return 
(IRR) is calculated and used. Simplified methods, despite many 
faults and imperfections, have one important advantage, allowing 
to decide in a quick and rather unambiguous way whether given 
investment should be realized. Financial assessment is performed 
from the perspective of the unit realizing given investment project.

The net present value (NPV) presents the current (present) value 
of profits and costs connected with the realized project and appearing 
at various times. It is calculated as the sum of separately discounted 
– for each year – net financial flows. Those consist of the difference 
among the stream of costs and profits in the whole period covered by 
the calculation. In the case of private units and projects performed 
without public part, two situations are possible due to financial 
assessment:

•	NPV > 0, one of the variants of NPV > 0 is chosen to be realized, 
of course it is also assessed from the perspective of its influence 
on the environment, and when realizing the investment the 
norms and legal regulations are followed, obviously including 
those concerning the influence on the environment,

•	NPV < 0 given variant of investment realization is not 
characterized by financial flows, in the case of private units 
or in the case of a project performed without public part the 
investment will not be realized, as it is not profitable.

In the case of private units, or in the case of projects in which 
there will be a public intervention, other rules are followed:

•	NPV > 0 - one of the variants with positive NPV is to be 
realized, such situation, however, does not happen often in the 
case of investment realized with public money as the goods, the 
delivery of which is the effect of the investment, are usually the 
subject of the market turnover and are provided by the private 
sector (production and delivery of those goods is profitable, 
it allows for gaining financial surpluses and therefore private 
sector is interested in them).

•	NPV < 0 - in this case one needs to widen the calculations with 
external costs and profits, therefore to run the calculations not 
only from the perspective of the unit (own costs and profits), 
but also from the perspective of the society, meaning to take 
into consideration social costs and profits, widening financial 
analyses, calculating ENPV (economic net present value).

The economic analysis takes into consideration all costs 
and profits of socio-economic character. It allows to answer the 
question whether the investment is justified from the general 
social point of view. Therefore it seems necessary to calculate the 
economic effectiveness factors of the investment ENPV and ERR 
(economic rate of return) including external costs, which are the 
source of social costs, and profits due to the project realization. 
Two cases are possible:

•	ENPV > 0 the project should be realized, it brings profits to the 
society, or to the chosen groups of people, units, municipalities, 
regions, 

•	ENPV < the 0 project should not be realized as it is not profitable 
from the society perspective.

The method of internal rate of return is the second among 
the most popular discount methods. The internal rate means the 
discount rate with which the actual worth of financial expenditure 
flow equals the actual flow of financial profits. The IRR shows a 
precise profitability rate for which NPV = 0. A single investment 
project is profitable when its internal rate of return is higher 
than the cut-off rate, which is the lowest possible profitability 
rate acceptable for an investor. The cut-off rate may be related to 
interest rate free from risk (e.g. bank deposit interest rate), other 
alternative investments, maximum possible capital costs which 
may be accepted, costs available for the given unit.

Calculations performed based on these methods are not difficult. 
In practice, the most difficult part is to identify and to assess costs 
and profits connected with the realization of the investment in the 
set time limit.

3. Identification of the costs 
combined with implementing 
electronic card based 
payment system

Costs may be classified according to various criteria, therefore 
a costs prognosis may be identified and presented in many ways. 
To assess the costs level one may use costs accounting setting, 
meaning the identification of costs according to the places of their 
creation and, somewhat supporting, sharing the costs according 
to their type (independently from the places of their origin) 
[5]. The example of the setting and the level of the costs of the 
project connected with implementing the fee for public services 
was presented in Table 1. It presents the data from the project 
currently realized by the Municipal Transport Union of the Upper 
Silesian Industrial District (KZK GOP). The table presents both the 
expenditures of investment and operational character, so that the 
total expenditure on the project realization is visible. The project 
will be realized by the local government unit (inter-municipality 
union), therefore the depreciation cost of fixed assets was omitted. 
Moreover, it seems a good solutions, especially in the case of IT 
projects, to connect in one tender, and thus in one contract, the 
investment project and later, the system maintenance. It allows to 
avoid many situations that are unfavourable for the contracting 
entity [6]. 
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Table 1. The assessment of the implementation costs of Silesian 
Card of Public Services system (net PLN) [7]

No Costs item

Investment period Total costs 
in 

investment 
period

year 
1

year 
2

year 
3

year 
4

year 
5

year 
6

1 2 3 4 5 6 7 8 9

1.

Costs of issuing 
and maintaining 
cards and the 
costs of equipping 
the municipalities 
with the devices 
to certify 
electronic 
signature

0 0 0 0 0 13 556 328 13 556 328

a Including: 
investment costs

0 0 0 0 0 209 300 209 300

b operational costs 0 0 0 0 0 13 347 028 13 347 028

2.

Card charging 
machines, 
parking counters, 
municipality 
devices, card 
charging centres

0 0 0 0 11 007 788 12 024 684 23 032 472

a Including: 
investment costs

0 0 0 0 11 007 788 12 024 684 23 032 472

b operational costs 0 0 0 0 0 0 0

3. 

Devices in 
vehicles, in depots 
and to control 
passengers’ tickets

0 0 0 0 27 649 397 4 256 406 31 905 803

a Including: 
investment costs

0 0 0   27 649 397 4 256 406 31 905 803

b operational costs 0 0 0 0 0 0 0

4. Costs of the 
system software

0 0 0 5 688 828 17 582 000 4 540 164 27 810 992

a Including: 
investment costs

0 0 0 5 688 828 17 582 000 4 540 164 27 810 992

b operational costs 0 0 0 0 0 0 0

5.

Data transmission 
centre and 
purchasing ICT 
equipment

0 26 31 486 7 754 269 312 318 151 502 8 249 601

a Including: 
investment costs

0 0 0 7 635 523 0 0 7 635 523

b operational costs 0 26 31 486 118 746 312 318 151 502 614 079

6. Remuneration of 
accounting agent 

0 0 0 0 0 1 035 000 1 035 000

a Including: 
investment costs

0 0 0 0 0 0 0

b operational costs 0 0 0 0 0 1 035 000 1 035 000

7. Project 
management costs

347 382 763 502 942 002 1 506 933 3 648 732 2 565 582 9 774 133

a Including: 
investment costs

119 080 49 496 958 187 411 1 434 336 2 100 000 3 891 281

b operational costs 228 302 714 006 941 044 1 319 522 2 214 397 465 582 5 882 853

8. Other costs 3 207 17 040 11 543 91 535 5 360 885 4 665 045 10 149 254

a Including: 
investment costs

0 0 0 0 0 0 0

b operational costs 3 207 17 040 11 543 91 535 5 360 885 4 665 045 10 149 254

9. Total costs (net) 350 589 780 568 985 030 15 041 565 65 561 120 42 794 712 125 513 584

a Including: 
investment costs

119 080 49 496 958 13 511 762 57 673 520 23 130 554 94 485 370

b operational costs 231 509 731 072 984 073 1 529 803 7 887 600 19 664 158 31 028 214

The contract for delivery, implementation and maintenance 
of the system of „Silesian Card of Public Services” was signed 
by the KZK GOP on the 9th January 2012. Trying to point cost 
positions so that it will be possible to identify the places of costs 

origination as well as the places and activities generating the 
highest realization costs of this project, one may enumerate the 
following types of costs:

1. Costs connected with issuing and the maintenance of cards 
(purchase of the driver, personalizing, card issuing, documents 
archiving) and the costs of equipping the municipalities with 
the devices to certify the electric signature. During the project 
realization and the system operation it is estimated to issue aro-
und 700 thousand cards (385 thousand during the realization 
period and 325 thousand within 5 years after the project has 
been implemented, which is connected with the cards wearing 
off and the necessity to issue new ones). 

2. Card charging machines, parking counters, municipality ma-
chines, card charging centres. It was estimated that within the 
project 800 centres will be equipped with the machines to char-
ge the cards. Moreover, 109 free-standing machines were desi-
gned with the function to charge the cards, 223 parking coun-
ters enabling parking fees payment and 410 modules to accept 
payments for municipality services.

3. Devices in vehicles, in depots and to control passengers’ tickets. 
In order to implement the electronic payment system based on 
electronic cards it will be necessary to equip 1,300 vehicles used 
to provide passenger transport services based on the contract 
with the KZK GOP. Within the project they will be equipped 
with modules to accept payments, board computers, devices for 
data transmission and other necessary elements. Moreover, 20 
depots will be equipped with the proper infrastructure to collect 
data. What is more, 320 devices to control passenger rights to 
use urban collective transport services will be bought.

4. The system software and the cost of software installation and 
configuration.

5. Data transmission centres and purchasing ICT equipment – 
purchasing ICT equipment together with its installation and the 
expenditure connected with creating and equipping the main and 
the support data transmission centres.

6. Remuneration of the accounting agent. The implementation 
of a system for accepting payment based on electronic money 
requires payment accounting.

7. Project management costs – taking into account the costs of 
creating and operation of the managing and accounting unit, 
responsible for organizational, technical and formal issues of 
the project. Such costs include remuneration, information-pro-
motion costs, costs of training the system users, of buying fixed 
assets and office equipment to manage the project, as well as the 
costs of consultations, opinions, analyses within the framework 
of tasks realized for the project use.

8. Other costs, including system maintenance costs, project audit 
costs, purchasing the fuel and fleet management, other admi-
nistrative costs, insurance costs, system testing costs, supple-
ment and additional orders costs.
It is visible on the example of the presented data that the 

realization of the project to implement an electronic card payment 
system requires expenses of around PLN 125.5 million net. 
During the first three years mainly personal costs, due to the 
project preparation, are incurred, meaning the ones connected 
with enabling the project to be realized.
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Independently of the costs incurred during the project 
realization also the costs to be incurred after its implementation 
completion – during the system use – are assessed. It is to be 
discussed how long period should be taken to analyse a given 
investment; most often it is the time of use/depreciation of the 
fixed assets included in the given project. In the chosen example, IT 
tools dominate, and they have a relatively short depreciation time. 
The period of 65 months was assumed for the sake of calculation 
as the minimum length of the project which is to be guaranteed 
in order to obtain the resources from the European Regional 
Development Fund. However, big IT systems, comprising many 
subjects and requiring substantial expenditures, are not so quickly 
exchanged for new ones. That is why the system operation period 
will certainly be longer than that taken for assessment. Costs of the 
public services payment system operation are presented in Table 2. 
Within the period of 65 months after the investment process has 
finished and during its normal operation those costs will reach the 
level of PLN 11.9 million per year. The greatest costs are connected 
with issuing and maintaining the cards (around PLN 3.3 million 
per year), with the accounting agent remuneration (around PLN 
2.7 million per year) and with the project management costs 
(around PLN 2.4 million per year). 

It is assumed that the project will last 65 months, but it is now 
difficult to precisely predict when the investment period is to close 
and the use period starts. That is because of the fact that part of 
the equipment will function before the investment period has 
finished.

Table 2.  The operational costs of public services payment systems (net PLN) [7]

No Costs item  
Working period Total costs in 

working periodyear 1 year 2 year 3 year 4 year 5 year 6
1 2 3 4 5 6 7 8 9
1. Costs of  issuing and maintaining cards 7 448 684 1 600 000 1 600 000 1 600 000 5 360 361 172 308 17 781 352

a Including: investment costs 0  0  0  0  0  0  0

b operational costs 7 448 684 1 600 000 1 600 000 1 600 000 5 360 361 172 308 17 781 352

2. Card charging machines service 661 538 793 846 793 846 793 846 793 846 463 077 4 300 000

a Including: investment costs 0  0  0  0  0  0  0

b operational costs 661 538 793 846 793 846 793 846 793 846 463 077 4 300 000

3. Data trans-mission centre  operation 267 000 440 000 440 000 440 000 440 000 356 333 2 383 333

a Including: investment costs 0  0  0  0  0  0  0

b operational costs 267 000 440 000 440 000 440 000 440 000 356 333 2 383 333

4. Remuneration of accounting agent (data trans-mission included) 2 243 115 2 691 738 2 691 738 2 691 738 2 691 738 1 570 181 14 580 250

a Including: investment costs 0  0  0  0  0  0  0

b operational costs 2 243 115 2 691 738 2 691 738 2 691 738 2 691 738 1 570 181 14 580 250

5. Project management costs 1 950 416 2 282 696 2 442 351 2 533 286 2 628 768 1 344 548 13 182 065

a Including: investment costs 0  0  0  0  0  0  0

b operational costs 1 950 416 2 282 696 2 442 351 2 533 286 2 628 768 1 344 548 13 182 065

6. Other costs 1 290 656 1 642 028 1 742 028 2 142 028 1 942 028 3 508 696 12 267 466

a Including: investment costs 151 466 335 000 435 000 835 000 635 000 403 000 2 794 466

b operational costs 1 798 950 1 947 696 2 007 351 1 698 286 1 993 768 941 548 10 387 599

7. Total costs (net) 13 861 410 9 450 309 9 709 964 10 200 899 13 856 741 7 415 143 64 494 466

a Including: investment costs 151 466 335 000 435 000 835 000 635 000 403 000 2 794 466

b operational costs 14 369 704 9 755 977 9 975 287 9 757 157 13 908 481 4 847 995 62 614 600

4. Identification of profits 
connected with the 
electronic payment system 
implementation

identification of profits gained from development projects is 
performed from the perspective of profits gained by direct beneficiaries 
(financial analysis of the project) and from the perspective of its 
influence on its environment (economic analysis of the project) [8].

From the KZK GOP perspective, which is the project leader 
and at the same time, the urban collective transport organizer, the 
implementation of electronic payment system will allow to gain 
the following profits:

1. Limiting the expenses incurred due to performing operational 
work as a result of more effective transport offer management. 
Collecting fares with the use of an electronic payment system 
allows to collect data enabling a current analysis of the use of 
urban transport vehicles. This is especially important in the 
situations when the vehicles run almost empty and when they 
are overcrowded. Basing on the obtained data it is possible to 
dynamically manage the transport offer, especially within the 
area of changing the number of services a day or the size of ve-
hicles set to service a given line. It is estimated that the expen-
ses may be lowered by 1% to 2% of total operational expenses; 
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in the case of KZK GOP it is from PLN 4.6 million to PLN 9.2 
million per year.

2. Limiting the expenses connected with printing the paper tic-
kets  – from about 25% to about 75% of current expenses, that 
is from PLN 162 thousand to PLN 487 thousand per year.

3. Acquiring data from electronic payment systems will allow to 
eliminate current expenses on measuring the number of pas-
sengers in vehicles, so far the annual expenses for this task has 
been around PLN 300 thousand.

4. The implementation of electronic card payment system will 
enable price differentiation to a greater degree than in the case 
of paper tickets. It is estimated that it is possible to gain addi-
tional profits because of that, amounting to 1.5 % of annual 
income from tickets, meaning up to PLN 3.5 million for the 
KZK GOP.
Electronic payment systems create the possibility to gain the 

enumerated profits, but their scale will depend on how, from the 
moment of implementing new technologies, the work organization 
in the units will change, and how the conditions will allow to 
use modern technology. Urban collective transport is subject to 
regulations both in the case of price setting and in the case of 
conditions to perform transport services. Moreover, social policy, 
health protection and urban planning policy to a large extent are 
realized with the use of urban collective transport prices. That is 
why one may claim that reaching the profits greatly depends on 
the possibility to implement and to accept new solutions as far as 
prices are concerned, and that is quite beyond decision capability 
of organizers or providers of urban collective transport [9]. That 
is why the profits should be calculated in two variants: minimal 
and maximal. 

It is visible, even without discounting, that the profits gained by 
the project leader are lower that the necessary means to implement 
and later to operate the system, therefore the NPV is negative. For 
example, the NPV calculated for the value of the interest rate of 
6% is PLN (-) 94.3 million (in the variant of maximum benefit) 
and for the interest rate of 8% (in the variant of maximum benefit) 
NPV is PLN (-) 87.9 million. The NPV rate is also negative for 
higher interests rates. Therefore, in the absence of co-financing 
from the European Union, the internal rate of return (IRR) is at 
the level, which is not acceptable for the leader of the project.

The implementation of electronic payment systems to pay for 
urban services also allows to gain external profits:

1. The implementation of electronic payment system may be a 
tool to perform accounting among various units that provide 
transport services, especially in bigger cities. Electronic pay-
ment systems allow to perform such calculations based on the 
number of passengers carried by the given transport provider 
or based on the transport performance. Thanks to the facili-
ties to use collective transport, one may expect them to be the 
factors limiting the decrease of collective transport share in 
servicing transport needs of cities.

2. Another type of external profits may be gained due to wide-
ning the range of cash-free financial flow. Cash calculations 
are connected with physical transporting of banknotes and 
coins and with paying with them, due to which they generate 
high costs for units, banks (accepting cash, authenticity veri-

fication, value verification, transport to a bank, accepting it by 
a bank, transport among banks etc.) as well as the effects on a 
macro-economic scale. Many of these activities are performed 
manually, the security is unavoidable and the risk is high. As 
a result, cash management costs may reach even 4.5% of its 
value, and the costs of cash financial flows in a country may 
reach even 1% GDP. Moreover, cash accounting may evoke 
cheating, certain abusing when calculating, thus making it dif-
ficult to tax the transaction and limiting the incomes for the 
country budget [10, 11]. That is why there is the tendency to 
popularize cash- free financial flows. 

3. The popularization of IT technologies facilitates the use of 
many services, therefore it is then promoting the informa-
tion society, new technologies, teleworking, the availability of 
many services with the use of computer network. Implemen-
ting new technologies when using public services means also 
improving the region cities as places owning developed tech-
nologies and implementing innovative solutions [12].
Taking into account external profits possible to be gained, IT 

systems, implemented within public services area may receive 
co-funding from regional or national programs. However, 
independently of the received funding, which generally concerns 
eligible investment costs, it is in the ordering party’s interest to 
have such realization so that after the system implementation 
the costs of payment system operation are in majority, or at least 
significantly funded from the reached savings and the increased 
profits.   

5. Conclusion
The implementation of cash-free payment forms for public 

services, realized through so called city cards, is connected 
with the need to create a wide ICT infrastructure as well as the 
infrastructure of service centres for issuing cards, their charging, 
selling seasonal tickets and accepting fares. Issuing electronic cards 
(purchasing the driver, personalization, card issuing, documents 
archiving), selling seasonal tickets and charging electronic wallet, 
buying, current maintenance and keeping the machines enabling 
card charging in order, purchasing the machines for service 
payment in municipalities, for parking and in collective transport 
vehicles, as well as creating data transmission centres generate 
high costs both during the investment period and after the 
solution implementation. Additionally, the project is complicated, 
and therefore it has its costs increased by the necessity to provide 
accounting among various units and parties. The implementation 
of the payment system generates profits, they may be perceived 
from the perspective of profits gained directly by the beneficiaries 
(KZK GOP and the cities) as well as from the perspective of 
external profits identified at the local and national level. Electronic 
payment systems may provide information concerning passengers’ 
travels, therefore, within gains reached in urban transport one may 
enumerate the profits reached due to more effective transport offer 
management, lowering expenses connected with printing paper 
tickets and possible profit increase due to ticket sale as a result of 
better price management.
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ABStRAct
The development of on-board electronics and automotive on-board networks, as well as of wireless data transmission 
systems (GSM, TCP / IP) enabled online monitoring and control of selected processes of a motor vehicle. One of the most 
important steps was the development of the GPRS protocol, enabling data transmission (including measurement data) 
over long distances, as well as integration with other network protocols, such as the internet. The first implementations 
of these solutions such as BMW’s telematics services (including iDrive and iAssist) slowly become history. However, 
these solutions are among the many telematics services, whose development require proper tools. This article aims to 
explain the issues related to the use of cloud computing for the purposes of these services (SaaS, PaaS, IaaS), as well as 
to present selected solutions.

KEYWORDS: remote control, intelligent communication systems, cloud computing services, SaaS, PaaS, IaaS

1. Introduction
The introduction of in-car digital buses (in the 70s/90s) to 

the measurement and control infrastructure was the beginning of 
intense development of on-board networks. (Fig.1) At the current 
stage of development, the most important of them are: LIN, CAN, 
(CAN ++) and, the latest, FlexRay [5] (Fig.2). Communication 
between the microcontrollers underlying the operation of 
these networks requires specialised software. The simple act of 
uploading a control program into the driver’s local memory is 
currently not sufficient. It has to be synchronised with other 
events and processes in the vehicle’s control and measurement 
infrastructure. A programmable control system requires strictly 
defined measurement interfaces and data transmission procedures 
synchronised by time or system events.  This behavior is typical 
of operating systems, and this type of proposed system, named 
OSEK/VDX (Vehicle Distributed Executive)1 was presented for the 
first time around 1995 [15]

1 control and transmission system

1.1 Software architecture

On-board software layers are shown in Figure 3. These are 
typical layers networked microcontroller software. The “Basic 
Software” layer, whose functionality corresponds to a local 
operating system, is particularly noteworthy. This layer manages 
both the Communication Protocols, Utility Functions Services and 
Hardware Input/Output Drivers, as well as Task Management - 
Operating System. Over the Basic layer, there is a programmable 
Runtime Environment. 
This layer is responsible for translating requests and tasks 
from the Application Software layer into tasks executed by 
the Basic layer.  The lowest layer, ECU Hardware consists of 
microcontrollers and peripheral devices (sensors, actuators, 
etc.), whose software is located in the HAL, or Hardware 
Abstraction Layer.
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Fig. 1 Digital buses installed in vehicles [9] 

Fig. 2 Typical on-board networks [based on 14]
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ECU Hardware (Microcontroler and Peripherals)

Fig. 3 Software architecture of future drivers by AUTOSAR [4] and HIS2

1.2 The development of off-board 
communication systems

User communication with on-board diagnostic system is 
enabled by diagnostic scanners connected to a standard 16-pin 
diagnostic connector of a vehicle. The average diagnostic scanner 
is equipped with software to perform the following functions:

•	communication between the tester and the vehicle’s drivers

2 AUTOSAR ( Automotive Open Systems Architecture) and HIS (German: 
Hersteller-Initiative Software) are associations of manufacturers working on the 
standardisation of testing and design methods for on-board electronic systems.

•	user interface both in hardware (display, keyboard) and logical 
(interpretation of data, the ability to create queries, database 
management) sense and 

•	a set of utilities that are responsible for initialising operation, 
data backup, as well as software updates 

A functional block diagram of a typical scanner is shown in 
Figure 4 [5]. The connection between a diagnostic scanner and an 
on-board diagnostic connector may be wired or wireless, and the 
scanner communicated with the user using standard identification 
codes.
Remote diagnostic testers

Most of the currently used diagnostic testers cooperate with 
a computer, which is used to communicate with the on-board 
diagnostic system. The software controlling the scanned imports 
data from the reader and saves them in system memory, as well as 
allows for further data process in other applications (e.g. drawing 
charts in Excel, printing or archiving data).    

Fig. 4 Block diagram of a diagnostic scanner [5]    

Computer diagnostic programs run on Windows XX and 
support (depending on the manufacturer) most diagnostic protocols 
on the market.3 Diagnostic data stored in computer memory can 
be or are a source of information for further processing, including 
on-demand read-outs by remote on-board network monitoring 
systems. 

2. On-board microcontroller as a 
GSM network 

The dynamic development of wireless networks becomes 
the foundation for implementing more and more advanced 
applications. One of them is the communication between the on-
board controller with the vehicle’s user developed by the Technical 
University of Warsaw [9]. The on-board microcontroller should 
continuously monitor chosen measuring sensors4 connected to its 
inputs. The microcontroller acts as a wireless transceiver station. 
In the case of any irregularities (such as a cracked window or an 
attempted break-in), the microcontroller initialises a connection 

3 e.g. a VAG diagnostic scanner supports the following protocols: KWP1281, 
KWP2000, CAN BUS (VW, SKODA, SEAT, AUDI); AMX 550 scanner supports all 
transmission protocols included in the following standards: ISO 9141, ISO 14230 
(Keyword 2000), SAE J1850 (PWM/VPW), ISO 15765 (CAN bus). AMX 550 
allows for diagnostic scanning of all types of vehicles equipped with OBDII/EOBD 
compliant transmission [5]
4 for example  bi-stable sensors (door lock sensor, sunroof sensor, central lock, 
etc.)
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with the owner (with their phone number). The system and 
software allow for multiple procedures. One of them is remote 
querying of chosen safety measures (such as asking if the windows 
are closed or checking the fuel level).

 The system works in two basic modes: initiation (Mode 1), when 
the microcontroller connects to the owner of the vehicle (to report 
irregularities, such as an attempt to open the door) and paging 
(Mode 2), in which the owner initiates a connection to remotely 
check the state of devices supervised by the microcontroller.

Fig. 5  Remote communication between the vehicle’s owner and the 
speaking module of on-board microcontroller [9]  

Fig. 6  A diagram of the system [9]

Principle of operation. DTMF (Dual Tone Multi Frequency) 
messages received by the GSM device are decoded by a DTMF 
decoder and transferred to microprocessor’s bus. The microcontroller 
interprets the received data using an application saved in the system 
memory. On the other hand, a signal from the systems coupled with 
the processor to any of its inputs triggers reverse software procedures, 
that send a message to the vehicle’s owner’s phone concerning the 
event. 

The on-board microcontroller’s transceiver function mentioned 
above [9] is cited in this paper as an example of many emerging telematic 
services combining digital technologies, telecommunication and 
information technologies provide new concepts and functionalities 
located in cloud computing, as described below.5

5 a description of the telematic  services in communicating with a motor vehicle 
(BMW services), is provided in [7], [8]

2.1 Logging the on-board controller into the 
GSM network   

The microcontroller board should be integrated/included in the 
GSM network. Such integration is possible by set up a connection 
with GSM controllers (as well as GPRS/UMTS) - Fig. 7 [9]. Such 
connection means that the network login process will check the 
caller’s (microprocessor’s) authenticity, its current location (the 
so-called LAI - Local Area Identifier), assign a Temporary Mobile 
Subscriber Identity (TMSI), and the parameters such as LAI and 
TMSI will be stored in the VLR register. The described activation 
procedure involves the following controllers: MS - Mobile Station, 
BTS - Base Transceiver Station, BSC - Base Station Controller, 
MSC - Mobile Switching Centre, GMSC - Gateway Mobile 
Switching, VLR - Visitor Location Register, HLR - Home 
Location Register.

The order of information exchange between the controllers is 
shown in the sequence diagram for UML(Fig. 7). 

Fig. 7  User network login, annot. n) The VLR register assigns to 
the subscriber the TMSI identification number and LAI area 
identifier, which are encoded and sent to the mobile station 
and saved to the SIM (Subscriber Identity Module) card [9]

3. On-board controller as a TCP/
IP network user

The development of the GPRS networks concept allowing packet 
wireless data transmission (including measurement data) enabled 
and started the process of remote measurement and control of 
multiple systems based on this technology6. One example of this is 
the remote control of a low-power executive system using TCP/IP 
(tunnelled through GTP), which is described below. (Fig. 8 and Fig. 
9) [11]

6 a broader description of GPRS technology is included in [5]
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* SGSN - controller  Serving GPRS Support Node, GTP - GPRS Tun-
nelling Protocol

Fig. 8  Model of remote control over the TCP/IP protocol [11]

Fig. 9 Pictorial diagram of remotely controlled step motor  [11]

Fig. 10 Characteristics of remotely controlled step motor [11]

Figure 11 shows a user interface where request and control 
parameters are input. This screen is also used for feedback messages 
from the controlled system. The exact operation of the system and a 
description of the control program is included in [11]. For the sake 
of this paper, it has to be noted, that the communication between 
the user and the terminal device allows for full integration.

This means that the user can both remotely control the system 
and read the state of the system. In special circumstances, they can 
read the memory of the terminal device (on-board microcontroller) 

via TCP/IP, which stores, among others, the measurement/diagnostic 
data from the on-board microcontroller. 

Moreover, such reading can be done (1) periodically or (2) at the 
request of the user or (3) the microcontroller can use the interrupt 
system to send a service/read request. (e.g. when exceeding the 
max/min measurement range or other irregular event)

An on-board real-time operating system continuously 
monitors the operation of hundreds of the vehicle’s on-board 
drivers, making cyclical measurements of the equipment’s state 
and saving the readouts in system memory. The SIM/USIM 
card containing information such as a user identification code, 
their authentication key and algorithm, encryption algorithms 
and phonebook can be coupled to and supported from the 
on-board diagnostic system. (see item 2 Fig. 6)

Fig. 11 User interface in the remote control system - Server/Client  
mode [11]

From the telematics service provider’s side (GSM or other 
network), this card looks like an ordinary phone number subject 
to standard procedures. The range of services provided in this way 
depends on both the software and the model of the monitored 
vehicle, as well as the scope of purchased services. [7],[8].

As the number of users/companies is growing, there is a 
rapidly increasing need for memory to support applications, as 
well as for their efficient management. The spatial location of 
subscribers, as well as the dynamic  changes in their location that 
necessitate constant system updates are an important element 
of the system. Monitoring and programming a distributed user 
environment means managing a distributed database environment 
that requires specialised management strategies. (Fig.13). Such 
solutions can be provided by cloud computing. Application, event 
and function management concepts provided by cloud computing 
are advanced technologies, which perform real-time analyses of 
different strategies for querying huge datasets, optimise different 
variants of communication technology, as well as base their 
actions on decision support systems in order to develop the best 
strategies. Tuning the system to the needs of the user/application 
is means system intelligence, which enables the development of 
numerous new applications, which would be impossible without 
the support of cloud computing. An example would be the use of 
telematics applications for intelligent transport systems (including 
automotive). 
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Fig. 12 Telematic transmission of information (for example  
diagnostics) [5]

2 - LMT Local Manager of Transaction; 3 -  GMT - Global Manager of Transac-
tion (for Local Area Identifiers) ; 5 - MC - Module of Communication (for Local 
Area Identifiers); 4a -  Log out  users  items; 4b - Register of Users (temporary); 
4e- Register for LAI Users  

Fig. 13 Data Base  distributed management system7. Database 
sharding8 [own study]

4. The concept of work with 
cloud computing. Basic 
elements

Cyt.: “ By 2014, cellphones and other mobile devices will send 
and receive more data each month than they did in all of 2008. 
Three-fourths of the total will come from Internet access and nearly 
all the rest from audio and video streaming .A big part of the increase 
in mobile data will come from cloud computing applications. 
Utility software (such as maps), will lead the way, followed closely 
by productivity tools (especially for sales, data sharing, and 
collaboration), then social networking and search. So predicts ABI 
Research, a telecom analysis firm in Oyster Bay, N.Y. “9

7  Elements of two-phase commit protocol - 2PC (distributed algotithm)
8  Sharding means distributing a database into many smaller units (called shards), 
that support certain requests independently.
9 http://spectrum.ieee.org/telecom/wireless/cloud-computing-drives-mobile-data-
growth

The exponential growth of mobile devices and applications 
that support them forces the rapid development of IT tools and 
computing power necessary to meet their requirements. In order 
to support the applications, web servers are clustered and equipped 
with access mechanisms for enormous data centres.

Fig. 14 Photo of Google data center in Dalles, Oregon, built near a 
dam in order to gain access to cheap energy. [17]

Basic cloud services offered to the users are: virtualisation10 of 
computing power and Data Centre resources, dynamic resource 
scaling, reliable data security mechanisms and guaranteed privacy of 
information access. The outsourcing services gained “customary”11 
names according to the resources being provided. The most popular 
are: IaaS - Infrastructure as a Servise (equipment provided) PaaS 
– Platform as a Service – (licensed software as a service) or SaaS 
– Software as a Servise – software (proprietary software from the 
provider) as a service. 

The most well-known cloud providers are Internet corporations 
such as: Google, IBM, Microsoft and Amazon.12 Due to the available 
programming tools (Visual Studio 2012 with C# language and the 
Azure SDK), the study of selected issues (concerning databases) will 
focus on Windows Azure from Microsoft. 

5. The Windows Azure Platform
The components of the Windows platform are shown in 

Fig. 15. The basic branches of the Platform are: Windows Azure 
(the platform’s operating system), Windows Azure AppFabric 
(Supervising data access (Access Control) through the data bus 
(Service Bus), and SQL Azure – a relational database based on 
Microsoft SQL Server operating using transactional query language.

One aspect of the platform’s environment important to this 
study is the organisation of non-relational data in the, which uses 
a special storage environment called Azure Storage, with some 
characteristics of a virtual drive (.vhd). Azure Storage (“Data”) has 
its own concepts and techniques of organising data access. These 
are: Azure Blobs, Azure Tables and Azure Queues. 

Azure Blobs (Binary Large Object) store binary data 
blobs (binary large objects) in containers identified by name: 

10 the virtualisation of data centres means on-demand provision of a fragment 
of computing power of the Centre, along with resources for data storage, and/or 
selected software services.
11  there is no cloud computing standard yet 
12  Internet corporations such as Amazon, yahoo, Google, Intuit and Apple, have 
accumulated mega-centres with thousands of servers, that serve as a starting point 
for cloud computing infrastructure and make these companies leaders in proposed 
solutions
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http://<account_name>.blob.core.windows.net/<container_
name>/<blob_name>

Azure Tables contain EAV-type (Entity/Attribute/Value) 
structural table data as entities13 , which may be combined into 
partitions located in different cloud nodes.  Each table in Azure 
Tables is identified by a unique identifier: http://<account_
name>/table.core.windows.net/<table_name>. 

Azure Queues are different cloud process and service requests 
stored as messages14. Queues can store any number of messages 
and the unique identifier of the queue is: http://<account_name>.
queue.core.windows.net/<queue_name> 

Fig. 15 Components of the Windows Azure Platform [13]

6. Case study. Cloud SQL as 
IaaS and PaaS in intelligent 
communication systems with 
motor vehicles 

The system is an example of a cloud computing application 
using Azure Storage to support binary objects/files stored in the 
system’s memory. Data are saved in databases at any time by the 
end users. The system database is stored at a pre-set http address. 
(e.g. http://www.zkue.republika.pl)

The data (structured/unstructured) are then queried by the 
operator/administrator according to the criteria entered by them.  
Processes supported by the Service require 3 defined roles (types 
of virtual servers), which communicate using Azure Queues.

Business vision of the system. 
A cloud system allows registered users to store certain 

information (such as measurement data) in the system database. 
User registration means that they are assigned a given memory 
address in the database. All information generated by the user are 
stored in the assigned memory space, for which they have write 
permissions.

The system operator/administrator may at any time recall the 
image of data entered by the end users using their interface (http://
UI). The administrator is able to select and display any record 
entered into the database on their terminal. This is done using a 
UI form and selecting users (e.g. from a drop-down list)

One the operator’s request is identified, the system begins to 
process it (including Azure Storage objects), which generates a 
response in a feedback form. The response may be text or processed 

13  Permitted/maximum size of a single entity is 1 Mb
14  A single message can not occupy more than 8 kB

graphic or media15. This intelligent interaction is possible due to 
the combination of codified files, as an effect of cloud processes. 
 Project vision of the system

The basis of a project is a definition of data model. In this case, 
it is a relatively simple relational model used to build the Operator’s 
interface.

Fig.16 Schematic diagram of role interaction between WebRole 
(OperatorApp), workerRole (DataProcessor) and 
worker1Role (EmbededApp)  

Fig.17 UML sequence diagram showing the communication 
between service components/roles

The log on and log off processes use the authentication and 
authorisation mechanisms available in the ASP.NET framework of 

15  The form of presentation depends on an application
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VS 2012 environment, which have their own business logic.16 The 
service includes three roles (virtual servers): Web (OperatorApp), 
worker (DataProcessor) and worker1 (EmbededApp). The Web 
(OperatorApp) role is responsible for downloading (from the 
operator UI) a link or links to http:// stored data, which are then 
downloaded by the worker (DataProcessor) to the local cache 
and stored in AzureBlobs. In the final phase, the OperatorApp 
(web) presents the associated files in the UI interface. The worker1 
(EmbededApp) role is responsible for placing the relevant 
records/data at a given identifier http://. The interaction between 
individual roles and their message workflow is shown in Fig. 16  
while the algorithm of cooperation between system components 
(resources) is shown in Fig. 17 using a UML sequence diagram. 

7. Conclusion  
Citation: Arthur Mateos, Jothy Rosenberg: “the most significant 

transformation IT has ever undergone: In the case of the cloud, 
we’re confident that the future will involve a pervasive, game-
changing reconstruction of IT from the ground up that’ll take a full 
generation to occur.” [17]

To prove the above sentence, we should quote several ongoing 
processes that served/serve as a foundation for the reconstruction 
cited above. These are

•	massive increase of hardware power, and the resulting equal 
increase in processing power. The price of 1 megaFLOPS17 has 
fallen from about USD 33 thousand in 1976 to USD 0.02 now. [17]

•	the cost of hard-drive space worth over USD 200 (in the 
nineteen-eighties) is now about USD 0.01 [17]

•	huge advancement in networking technologies with a bandwidth 
of 100 to 1000 Gb/s and the availability of fast wireless networks 
with a bandwidth of up to 150 Mb/s (LTE)

•	the development of computer technologies as a result of 
implementing advance information processing algorithms and 
models

•	the resulting implementation of data warehouse methods, 
the co-called Business Intelligence that provide the analytical 
inference tools such as DataMining, Decision Support Systems 
(DSS) and Management Information Systems (MIS)

All of the above give us unprecedented opportunities to 
build intelligent management systems located in the cloud. The 
solutions presented in this article were aimed at presenting the 
subjecy of programming such systems.
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ABStRAct
The rapid urban development in recent years has been reflected not only by the change in structure and size of towns, but 
especially by the increase in population mobility, which is strongly reflected by the fact that urban centers are clogged with 
individual transport, therefore, experts are dealing with possibilities of alternative solutions. Traffic calming in cities is a 
process that reflects the pursuit for a new quality of life as well as applying modern transport solutions at European level. 
In practice, there are many different types of this process depending on the type of area, road and citizens’ requirements.  
Streets, plazas and other public places of towns and cities are the points where a large part of social life is taking place. These 
venues do not serve only transport but are the places where commuters, children, elderly people and disabled persons 
meet. Especially bicycle transport for its significant reach, readiness to ride, easy operation and relatively high cruising 
speed has the appropriate conditions for further successful development in centre of a city.  Article outlines some of the 
principles of traffic calm and their impact on road safety.

KEYWORDS: central urban areas, safety, calming street

1. Introduction
Significant externalities are:  accidents caused by operation of 

transportation systems (loss of life, medical care for the disabled and 
so on.), congestions and the others (air pollution, emissions toxic 
for health, environment and buildings, climate change, emissions 
of greenhouse gas (CO2), which have a lasting impact on the earth’s 
climate, noise). The greatest proportion of negative externalities of 
transport is attributed to accidents. Entering the traffic operation, 
every participant risks injury or death. The amount of this risk is, of 
course, different and varies in space and time. Taking into account 
the speed of vehicles and state of infrastructure, traffic accidents are 
becoming a serious problem. Traffic congestions cause huge losses 
in terms of loss-making time and environmental impact and reduce 
the availability of the territory. This can be alleviated by increasing 
car occupancy and use alternative ways of transportation. Nowadays 
it is estimated that about 10% of the road network suffers from 
congestions [1]. We therefore required creating the environment of 
cities so that the life in them is “pleasant” [1].

In comparison with automobile transport, cycling and walking 
has many advantages. In particular, the negative externalities are 
not created; it prevents congestions and the like. It also has positive 
impact on health, acting as prevention against diseases that are 
caused by lack of exercise. Bicycle transport can be defined as an 
active way of transport, which is environment friendly, promotes 
a healthy lifestyle and has a positive effect on health. 

2. Characteristic of calming street
The term „traffic calming“ is a set of measures and tools serving 

the increase of utility value of communication, improving the 
environment and safety of pedestrians and cyclists at the expense 
of car transport which has been favoured until now. The synonym 
for traffic calming could be the term „traffic humanization“. The 
main goal of this moderation is to blend the character of street 
space with the functions of the particular road section crossing 
the analysed area.
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Traffic calming has four main principles [2, 3]:
•	Spatial influence: changes introduced by traffic moderation 

in a certain part of a settlement affect the processes in the 
whole road network. It is therefore necessary to include the 
requirements for roads of the main road network and through 
sections that require a different set of measures in comparison 
to the frontage roads and roads for non-motor vehicles.

•	The integration of functions in the transport space: is aimed at the 
common interaction of town-planning, traffic and environmental 
requirements and also of special entitlements of traffic moderation 
from the view of the function of the given area.

•	Effectiveness of measures: it is necessary to verify the deployment 
measures in terms of effectiveness. Often simple and affordable 
measures aimed at traffic management bring about more 
positive effects than costly, isolated measures. Each solution has 
to be verified using appropriate evaluation methods “ex-ante” 
and “ex-post” deployment of moderation elements, or after 
implementation of other proposed measures.

•	Public acceptance: the enforcement of traffic moderation 
measures requires high acceptance of aggrieved groups 
(citizens, visitors, institutions, enterprises, commerce, services 
etc.), also with regard to the age, e.g. requirements of children, 
elderly people, impaired persons but also pedestrians, cyclists, 
drivers and users of public transport, medical emergency 
vehicles, firefighting vehicles and maintenance vehicles. 
Effective work with public and timely incorporation of 
solutions is the top priority assumption for successful traffic 
moderation on through sections. 

A suitable way of increasing the quality of life in living areas of 
urban entities, the primary function of which is residing and the 
intensity of traffic is very low, is the implementation of so-called 
residential zones. The main idea of a residential zone is the removal 
of traditional split of street space into driveway and pavement, or 
setting up a single-plane surface that can be fully exploited in the 
whole breadth for common life activities. However, the possibility 
of a drive through for motor vehicles at low speed is maintained. 
Experience shows that well-designed residential zones (attractive, 
multi-colour concrete surface, creation of closed spaces, enough 
green) can help improve living conditions of citizens and improve 
the public environment. Many European cities have solved the 
town centre in this way. Figure 1 depicts the layout of a city centre 
as residential zone in Grenoble, France. The whole centre is nicely 
designed in the architectonic view, cars move in a dedicated drive 
at speed of not more than 20 km/h and they are allowed to park 
in certain parts of the centre. Cyclists have their own refugee areas 
and pedestrians have a good view on the rest of traffic.

The services roadways which are not suitable for transformation 
into residential zones can be moderated through zones with flat-
rate reduction of speed limit, usually through so-called “Tempo 
30” zones that do not have high demands on the artistic design of 
the street space. The split into driveway and pavement may stay 
in place but construction measures are desirable to underline the 
relation to local functions (e.g. raised pedestrian crossings, parking 
bays with green etc.). The basic principle of Tempo 30 is simple. 
The speed of 50 km/h is allowed only at main local roads serving 
the long-haul transport relations. However, the communications 

which serve the general transport services and access to sites 
will bear a speed limit of 30 km/h. This is the outcome of the 
application of the new transport policy which protects the ‘weak’ 
road users but it also requires moderating the negative impacts of 
traffic and increasing quality of living.

Fig. 1. Solution of Grenoble city centre as a residential zone [own study]

3. Development of cycling 
transport 

In previous there is no universal tool for promoting cycling 
as coequal means of transport because each city has its specific 
geographical structure, history, policy and so forth.

These aspects are derived from both the total level of economy 
and rate of economic growth and the method and direction of 
life quality development. But we can say that the most common 
economic tool to promote cycling is subsidies which are among the 
most effective tools to promote cycling transport. In most developed 
European cities, bicycle transport is one of the most important 
topics and every political party that wants to succeed in municipal 
elections will give the priority to improve the organization of bicycle 
transport as such. In developed cities, with a quality network of 
cycling routes, the bicyclist share ranges from 5 to 35% [1].

As an example we can allege Sweden and Netherlander that 
supported good cycling facilities and an extensive network of cycling 
routes. Scandinavian countries are generally known for their approach 
to bicycle transport. Bicycles in Stockholm are equivalent kind of 
transport and are on equal footing with cars and public transport. 
Each kind of transport has its own lane (see Fig.2).

In the 1970s Dutch cities were in a similar situation to the one 
of present-day Slovak cities – increased demands of individual 
road transport were solved by higher-capacity roads. In the second 
half of the 1980s, however, the nation-wide change in opinions of 
traffic problem solutions occurred in the Netherlands.

The “new” approach may be expressed by the following equation: 
integrated approach, cooperation between traffic engineering and 
urban planning and equality of all transport modes. This leads to 
the creation of attractive urban centres, increase in safety, creating 
places for people. The result of this trend has been building of the 
first so-called “woonerf” (traffic tranquilized zones in residential 
areas) and “winkelerf ” (traffic tranquilized zones in commercial 
areas) since 1977 [4].
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In our latitudes, i.e. Czech and Slovak Republics, Poland, 
Hungary during the 20th century, the technical and transport quality 
of infrastructure (except for some regional differences), essentially 
moved in the same direction. Non-motorized transport has been 
only a marginal issue, far beyond the car and public transport. In 
practice it means that there are hardly any tranquilizing measures 
adopted for cyclists. In the common space with other traffic, cyclists 
are not taken into consideration, though according to the law they 
are (or should be) the coequal users of road transport, which causes 
that they are forced out to the so-called greens reserves and green 
spaces or they are forced to weave their way through  build-up areas 
of tranquilized streets.

Fig. 2. The choice of vehicle in Stockholm [own study]

These and other similar measures, and, in essence the 
incomprehension of the role of daily  bicycle transport, cause that 
the cyclist is in a position of the occasional user and is forced to use a 
safer and faster means of transport, which is the individual and public 
transport. All the former Eastern bloc countries, as well as countries 
with strong lobbying motor traffic policy, such as the United States, 
were condemned to this view of cycling transport. Austria and its 
metropolis Vienna have experienced similar development in the 
past, where facilities for cyclists already existed in the 1960s, but 
were massively cancelled at the time of the automobile boom. In the 
last 20th years Vienna has tended to equalize the bicycle transport 
as it is in the neighbouring western countries. 

4. Conclusion
Closely related to the development of car transport is the change 

of nature and function of the street space. The transport function 
has become a dominant part of the street space. Pedestrians 
who were allowed to freely use the whole area street have been 
forced to use the pavement. The hygienic function of the street 
and dominance of the transport function is naturally reflected 
in the visual appearance. Instead of a space incorporating more 
functions, the street gradually becomes a single-use transport 
area. All these changes are projected in the life of citizens. The 
result is a significant change in the lifestyle where the street does 
not play the role of living area. 

Streets, squares and other public places of cities and towns 
are the places where the common, every-day life activities take 
place. These are the places not only serving the road transport 
but are also places where commuters, playing children, elderly 
and impaired persons meet up with each other. The design of the 
street space should respect the interests of all these persons. It is 
therefore necessary to involve public in the process of searching 
for the optimal solution in addition to the teams of various experts 
in order to achieve that all interests in the area are optimally 
mellowed. It is also important to avoid past mistakes when the 
individual car transport was preferred to other road users.

Traffic calming in the cities is a process reflecting the efforts to 
achieve new quality of life as well as the implementation of modern 
transport policy at European level. In practice, traffic moderation 
may come in various forms according to the type of area and road, 
and to the requirements of relevant citizens. It is appreciated that 
after many years of hesitation, traffic moderation is developing in 
Slovakia too. The common task is the advertising and edification 
of public and the presentation of good practices. Nevertheless, the 
trend is definitely in the direction of joining the European efforts 
of humanisation of transport system.
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ABStRAct
The article presents how modelling the impact of changes in traffic rules on the roundabouts on the capacity of 
such intersection. For the purposes of the research subject it was used the theory of cellular automata. A model was 
developed and it was implemented the traffic simulation system that simulates the phenomenon investigated. A lot 
of research were done, the results of which realize the importance and topicality of the problem.
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1. Introduction
Roundabout is a good solution, used mainly in urban areas. 

Compared to other types of intersection, a roundabout increases 
the road capacity and decreases the traffic congestion, which 
contributes to the traffic flow improvement. The construction of 
this type of intersection forces drivers to reduce the speed and 
provides good visibility for traffic participants, which increases 
safety. The police statistics show that, in general, there are five times 
fewer accidents noted in roundabouts than in other intersections, 
and in the case of urban areas, these numbers are two times less. 
Furthermore, the use of a roundabout significantly reduces the 
number of fatal road accidents (compared to other intersections).

The regular increase in the number of vehicles involved in road 
traffic results in various measures taken to increase the safety of its 
participants. Among numerous publications on this subject [1], 
[2], [3], [4], [5], [6], [7], a special place is occupied by the aspects 
of traffic research and modelling, developing theory [4] and 
traffic models [10], as well as the research on behaviour of traffic 
participants. Computer simulation has a significant meaning in 
the analysis of the topic, which helps to visualize the research 

subject. There are different types of simulators: software simulator 
[13] hardware simulator [18] and software-hardware simulator, as 
well as algorithms and methods developed [17], which allow for 
the analysis of this issue [14], [15], [16].

The simulation tests system behaviour depending on the 
specified input parameters. The changes to these parameters cause 
changes to the system output. Therefore, simulation allows for 
building mathematical models, which link input parameters to 
obtain a certain result at the system output [19].

There are two types of simulations: discrete time simulation 
and continuous time simulation. Discrete time simulations are 
used to test the behaviour of real and hypothetical systems. In 
contrast, continuous time simulations are used to test systems, 
dominated by changes of a permanent nature. The simulation 
used for this case of roundabouts was a discrete time simulation.

Traffic analysis is a difficult research area, due to a number 
of factors that prevent a clear definition of its characteristics. 
An important role in this process plays the human factor, and it 
is impossible to give clear definition of human behaviour. The 
vehicle traffic is based on space-time link, which may be, however, 
determined by mathematical functions. Therefore, the use of 



Modelling the iMpact of changes in traffic rules on the roundabout capacity based 
on cellular autoMata

© copyright by pstt , all rights reserved. 201420

discrete time computer simulation to analyse roundabout traffic is 
particularly useful and enables to:

•	gain a lot of information about the system already in the 
design phase, so that the answers to some questions about the 
functioning of the system can be obtained without having to 
build it and test it (e.g. by trial and error);

•	carry out research on the system behaviour under various 
conditions, even those that are difficult to obtain in reality 
(e.g. those which are rare), or even those that do not actually 
exist (it is possible due to the identification of simulation 
objective and adaptation of input parameters);

•	carry out a number of tests at low cost (computer simulation 
is a process that can be repeated easily, usually without 
incurring additional costs);

•	shorten simulation time depending on the computing power;
•	carry out research on real and hypothetical systems, enabling 

the development of new more efficient systems;
•	determine the usefulness of the system depending on the 

results obtained, where, in the case of a negative result, the cost 
incurred to perform the simulation is not as large as in the case 
of actual system construction, testing and decommissioning.

For the purpose of this article the authors developed roundabout 
simulation system, where the input data are:

•	components of the intersection: the number of approach/exit 
roads, the number of lanes in the intersection and approaches, 
radius, length of the approach lanes,

•	the percentage of vehicles in the particular approach road of 
the intersection,

•	the speed of vehicles,
•	determination of the applicable roundabout traffic rules (e.g. 

the priority rule of participants on the roundabout or those 
entering the roundabout).

The input data also determine the form and the accuracy of the 
final result of the simulation. The developed tool enables to specify:

•	simulation time,
•	the number of generated vehicles,
•	the number of vehicles that have left the roundabout,
•	for individual approach roads, statistics determining the number 

of vehicles that have left the roundabout using a particular exit,
•	time spent on the roundabout (minimum, maximum, average),
•	waiting time for entering the roundabout.

The purpose for developing a system to simulate the 
movement of vehicles on the roundabout was to conduct testing 
for determining whether a change in regulations regarding traffic 
affects the capacity of the entire system. This is important for 
the functioning of the transport system in cities, with particular 
emphasis on urban freight transport. Trucks are usually of a much 
larger size than the cars used in passenger transport. This leads to 
the situation in which roundabouts used in the traffic organization 
often block the smooth movement of this type of vehicles. This 
applies mainly to the technical parameters of improperly selected 
intersections (especially their size), but is also the results of the 
driving method. The research shows that majority of drivers 
chooses the outside lane regardless of the location of the exit road to 
be used to leave the intersection. The authors hypothesize that the 
current regulations contribute to such behaviour, which leads to 

unnecessary congestion and blocking of vehicles that want to enter 
the intersection. The developed software enables a comparison of 
the roundabout capacity depending on the applicable regulations 
(the current regulations have been modified and analysed). The 
research used models based on cellular automata theory in order 
to make it more credible.

2. Description of the problem
In [11], the authors describe the idea of creating roundabout 

with the principles and rules of using it. In contrast, in [20], [21], 
[22] authors focus on simulating rotary motion also based on 
cellular automata.

On the basis of the above this paper does not include the general 
idea of the roundabouts and rules related to the functioning of such 
intersections. The authors focus their attention on proposals to 
amend the traffic regulations and their impact on the roundabout 
capacity.

2.1 The concept of cellular automata

The simplest cellular automaton is a mathematical model 
consisting of three elements [24], [25]:

•	a discrete n-dimensional space (grid) divided into equal cells, 
•	a finite k-element set of states for a single cell, 
•	F rule defining state of the cell at time t +1, depending on its 

state and state of the neighbour cells at the moment of time t.
N-dimensional grid of identical cells evolves in discrete 

moments of time. Each cell in the grid can take one k state defined 
by the rule:

)),(()1( tsFtS ji =+  j belongs to O(i), (1)

where: 
O(i)  – neighbourhood of i-th cell, 
Si  – state of cell, 
F  – transition rule.
Grid of automata is the n-dimensional discrete space composed 

of identical cells with the same parameters, i.e. with the same 
number of neighbours, the same shape if the state space. The 
existence of two cells with different elements is not acceptable. Its 
structure is influenced by the dimension of automata space, the 
shape of cells and the connected number of neighbours.

Fig. 1 shows the cellular automaton grid for two different 
roundabouts.

Cellular automaton evolves by changing the state of cells in the 
grid. The way it changes is determined by the so-called transition 
rule. In specific, in discrete moment of time automata collects 
information on the states of each cell and its neighbours and then 
determines its new state by using the rule [26].
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Fig. 1. Cellular automaton grid for roundabouts with different 
numbers of lanes and approach/exit roads [own study]

2.2 Determination of traffic rules on the 
roundabout 

The purpose for the creation of this roundabout traffic simulator 
was the possibility to carry out research on the roundabout capacity 
in terms of different traffic rules. Therefore, the program included 
implementation of current traffic rules and also some modifications 
to those rules, which can affect the roundabout capacity. Table 1 
summarizes the current rules and the proposed changes regarding 
entering and exiting roundabouts.

The research involved implementation of five traffic models 
(in the Table defined as Mode1 5). Model 1 describes the currently 
applicable rules (in the European Union) for using the roundabout. 
Model 2 includes the modification of the rules in terms of exiting 
roundabout, and model 3 includes a modification of the rules on 
entering roundabout. Both of these models have defined rules for 
using the roundabout as in Model 1. Model 4 is a combination of 
models 2 and 3 and model 5 is a proposal of the change, which 
significantly goes beyond the current traffic rules.

Table 1. Summary of the various possible modes of using the 
roundabout (mode 1 describes the currently applicable 
traffic rules) [own study]

Entering roundabout Using roundabout Exiting roundabout

M
od

e1
 (M

od
e1

)

From any lane of 
the approach road 
into any lane of the 
roundabouts.
A vehicle entering 
from the right lane of 
the approach road has 
priority over vehicle 
which enters from 
the left lane of the 
approach road.

Any lane around the 
roundabout. 

From the right lane of 
the roundabout into 
any lane of the exit 
road.
It is possible to exit 
from the middle lane 
of the roundabout into 
the left lane of the exit 
road by maintaining 
priority of the vehicle 
on the right lane of the 
roundabout.

M
od

e2

From the right lane of 
the approach road into 
the right middle lane 
of the roundabout.
From the left lane of 
the approach road into 
the left middle lane 
of the roundabout 
(by maintaining the 
priority-to-the-right 
rule). 

According to the 
mode 1.

According to the 
mode 1.

M
od

e3 According to the 
mode 1.

According to the 
mode 1.

From the right lane of 
the roundabout only 
into the right lane of 
the exit road.
It is possible to exit 
from the middle lane 
of the roundabout into 
the left lane of the exit 
road by maintaining 
priority of the vehicle 
on the right lane of the 
roundabout

M
od

e4 According to the 
mode 2.

According to the 
mode 1

According to the 
mode 3.

M
od

e5 According to the 
mode 2.

It is acceptable to use 
the middle or left lane 
on the roundabout,
Right lane is used to 
exit into the nearest 
exit road.
It is possible to use the 
right lane around by 
maintaining priority 
of the vehicles exiting 
from the middle lane.

From the right lane of 
the roundabout only 
into the right lane of 
the exit road.
From the middle lane 
into the left lane of the 
exit road.

2.3 Traffic models

This paper focuses on developing own traffic models based on 
cellular automata. The models use a basic four-step NaSch model 
[10], called the traffic dynamics model. After modifications, the 
roundabout traffic models consist of a seven-step transition 
function:

•	choice of the direction,
•	acceleration,
•	braking,
•	turning,
•	lane change,
•	random events,
•	shift.
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Fig. 2 and Fig. 3 show a part of the cellular automaton grid 
implementing the process of using the roundabout.

Fig. 2. A part of the cellular automaton grid visualizing the stage of 
braking before entering the roundabout and while using the 
roundabout [own study]

Fig. 3. A part of the cellular automaton grid - visualization of the 
variable corresponding to the “courage” of the driver  [own 
study]

3. Experimental research
This chapter aims to present the part of research conducted on 

the basis of the developed traffic models.
Road traffic was analysed for each of approach roads of one of 

Szczecin roundabouts. For each of the roads the research involved 
the number of vehicles that entered the intersection directly on the 
outside right lane and those which, although taking the right lane, 
did not leave the roundabout at the first possible exit.

The analysis showed that 42.8% of drivers entering the 
intersection took the right lane, and only 21.9% of them left 
roundabout at the first possible exit. The remaining 78.1% 
continued to drive on the right lane. These results are illustrated 
in Fig. 3.

Fig. 4. The trend in the use of each lane at one of roundabouts in 
Szczecin [own study]

Under current legislation, it is the most correct behaviour. 
However, the observation of roundabouts shows that such behaviour 
causes unnecessary blocking of the next vehicles waiting to enter 
the intersection from other roads (especially in the case where the 
distance between neighbouring approach roads is small). That was 
the cause for the idea of modifying the rules of the roundabout 
movement and their evaluation using computer simulation.

Several models of roundabouts were prepared in order to do 
simulation according to the model shown in Fig. 1. Traffic parameters 
were determined in accordance with the trends observed in real 
conditions on the Szczecin roundabouts (traffic compatibility, target 
road compliance, specificity of using roundabouts).

Research conducted for this article concerned verification whether 
the change of traffic rules is reflected in the number of vehicles in the 
intersection and in the approach roads. The research subject primarily 
involved the roundabouts with the following structures:

•	2 lanes on the roundabout and one-lane approach and exit roads,
•	3 lanes on the roundabout and two-lane approach and exit roads.

Table 2 summarizes the simulation results for all modes 
shown in Table 1 in respect to the number of vehicles on the 
roundabout, average time spent on the roundabout, the average 
waiting time to enter the roundabout and the average number of 
vehicle on the roundabout.

On the basis of the research it is difficult to determine which 
rules are clearly better. Preliminary research indicates that it is 
necessary to look carefully at the current rules and check whether 
other regulations would help to achieve better roundabout capacity. 
Table 2 shows that the average waiting time to enter the roundabout 
and the average time spent on the roundabout have the greatest 
value while using the current regulations (Mode1). Further tests 
shall involve roundabouts with different systems of approach and 
exit roads in order to obtain more accurate results.

Table 2. Characteristics of the identified parameters with respect 
to established roundabout simulation modes with 150 
simulation steps [own study]

The simulation parameters Mode1 Mode2 Mode3 Mode4 Mode5

The number of cars on the 
roundabout 455 419 424 418 427

The average time on the 
roundabout [s] 8,86 8,07 8,29 8,01 8,03

The average waiting time 
to enter the roundabout [s] 14,5 11,28 10,29 11,07 11,63

The average filling of 
roundabout [%] 32,83 27,53 29,27 28,51 28,18
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4. Conclusion
The article presents the issues relating to roundabouts. Traffic 

models were developed based on cellular automata. It formed 
a basis for developing a computer simulator. The application 
allows performing any simulations connected with roundabouts. 
It can be used to analyse traffic on the existing roundabouts and 
to design new intersections of this type, which will solve many 
problems associated with the capacity of intersections.

This research involved observation of the road participants using 
roundabouts, which showed congestion of the outside lane leaving 
remaining lanes almost empty. This paper presents proposals for 
new regulations that have been pre-tested. The results are promising 
but involved too few cases in order to be able to clearly identify a 
better solution.

Undoubtedly, the lack of clearly defined regulations on 
roundabouts is a cause of the different behaviour of drivers, which 
in turn leads to the formation of traffic congestions and accidents. 
One of the causes of traffic congestion is a growing traffic resulting 
from a growing number of car owners. The traffic so high that 
regardless of the method used to drive on the roundabout the 
occurrence of congestion is inevitable. However, this does not 
change the fact that the Law on Road Traffic should be amended 
in order to establish clear rules for the use of roundabouts.

In the design and construction of roundabouts, planners do 
not always follow the existing benchmarks while realizing their 
ideas. In addition, there is a lack of tools to simulate roundabout 
traffic, the use of which would make it possible to determine what 
type of roundabout would be the nest solution for a particular part 
of road infrastructure.

Usefulness of the software has been demonstrated by carrying 
out experimental research.
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ABStRAct
This thesis analyses traffic conditions within an area of the Bialystok city and possible applications for prioritizing 
public transportation. The main goal of the paper is to find out whether the introduction of bus priority on 
intersections controlled with vehicle actuated traffic lights is feasible in the examined case, as well as in agglomeration 
traffic overall. In frame of this elaboration a complete simulation of traffic network fragment has been done both 
before and after implementation of so called Bus Signal Priority with a calculation of capacity of all intersections 
along investigated traffic network.
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1. Introduction
From the very beginning history tells us the transportation 

network has always been tightly connected with the economic 
development. That is why the transportation network was so 
intensively expanded in the last centuries. In the end of the 
20th century there was a  realisation that the best way to manage 
transportation doesn’t point to building new and wider roads as to 
manage more vehicles on the existing roads we have. It is a growing 
fact that there is a need to increase the number of passengers that 
we are able to carry on given roads due to economic demands and 
congestion problems. The parallel rise of telecommunications, 
Internet Technologies and the growth of recognised electronic 
organisations contributed in the research, development and creation 
of what we call today the Intelligent Transport Systems – ITS. 

The described scheme is functioning for both rural areas as 
well as cities agglomerations. For purposes of this thesis small 
city of Bialystok was chosen with an approximate population of 
about 300 000 inhabitants in an eastern-north part of Poland, 
the region named Podlasie. Bialystok is a distinct economic and 
cultural centre of region, and the biggest city in Poland with public 
transportation based solely on bus mode. The motorization index 
of Bialystok oscillates around 400 cars per 1000 inhabitants, this is 

moderate high demand on the transportation network especially 
as the town is centrifugal to the social hub of the area. It is also 
noted that allot of people will travel every day to work and for 
schools with personal vehicles from the outer surrounding areas 
of Bialystok. 

The study delivered a full explanation of problem starting with 
an explanation of the existing priority measures for public transport, 
a description of the investigated section of the traffic network, 
a  calculation of intersection capacities, a description of micro-
model creation procedure along with a summary of results. The last 
part of investigation is the comparison of numerical results of before 
and after situation and discusses whether it is or it is not reasonable 
to apply the Bus Signal Priority (BSP) in a real world.

2. Bus traffic priority
Applying priority for public transport at signalized junctions 

can significantly improve punctuality of buses, reliability and 
reduction of travel time. The measurement of travel time from a 
study in Swedish cities shows that up to 70-80% of all travels in 
area of city centres is a result of waiting on traffic lights [1] when 
no priority measures are taken.
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Some of advantages from priority for Buses on intersections are: 
•	Social (i.e. faster, more frequent and reliable bus traveling 

with higher comfort and lower pollution), 
•	Municipality (i.e.. lower costs, more passengers and accurate 

data for time schedule planning and better control of service 
providers). 

•	Operators (i.e. more passengers, lower fuel consumption, less 
stress, for bus drivers, increased operation effectiveness, lower 
operational costs and higher income). 

2.1 Bus priority at intersections with traffic 
light signals

The general bus signal priority can be split into 2 groups 
according to required effect which are full priority and differential 
priority. The same concepts are also referred as an absolute 
(unconditional) priority and conditional priority in some other 
countries, e.g. U.S. [2]. In this study only full priority forms are 
applied in the following chapters and it is noted the full priority 
is used to improve bus travel times and fluency. With full priority 
any bus detected at the detector point can be given a priority 
signal if it arrives during the predefined green extension or recall 
time intervals subject to the signal control strategy operation. 
Differential priority is determined and awarded to improve 
regularity (for maintaining the desired headway) or punctuality 
(for maintaining the schedule adherence). This indicates that for 
the headway-based bus services, priority may only be granted 
to buses which have large headways to the front bus, whilst for 
schedule-based services may only be granted priority to buses 
running late to schedule.  

Most often implemented bus priority forms on signalised 
intersections are: 

•	Extensions: this is where a phase of green is extended beyond 
it maximum in such a way that it allows for approaching 
prioritized vehicle through the junction. 

•	Recall: this is when a prioritized bus is detected in the red 
aspect, so a red phase is minimized to minimum for buses 
by either limiting competing stage lengths to an minimum 
or omitting them altogether, 

•	Queue overtaking: this is applicable only with bus lane. The 
adequate signal sequence gives the bus a chance to continue 
travel before all the others vehicles. 

•	Queue management: Buses are detected relatively far before 
intersection and the control algorithm is managing a queue in 
such a manner that when the bus approaches the intersection 
it can go through without stopping, 

•	Green Wave: this is a measure applicable on coordinated 
intersections where a signal controller detects a massive traffic 
flow from the direction of a bus and can coordinate the next 
intersections in a direction of prioritized vehicles as so it passes 
flawlessly through junctions. This measure however is effective 
only in case of intersections that are placed close to each other 
along important traffic streams. 

2.2 Bus detection facilities

Bus detection is a vital part in the bus priority strategies. To 
effectively assign priority for any bus, firstly the vehicle needs to 
be detected on time. Therefore the detectors need to be able to 
distinguish the buses and identify their locations. The following 
sections in this thesis will provide descriptions of the types of 
detectors and their placement available. According to the locations 
of the detectors we can distinguish: 

•	Infrastructure only detectors: The earlier designs of 
implemented detectors had numerous technical issues mainly 
in consequence of often maintenance and low effectiveness of 
bus detection. Modern detectors however allow implementing 
virtual loops by aid of CCTV (closed circuit television) cameras 
above the street. 

•	On board and local infrastructure: This group involves 
various kinds of transponders in the buses and loops or beacon 
detectors on the approach to an intersection. Examples of this 
is an Infra-red emitter equipped on front of the bus sending 
optical request to traffic signalization on a intersection. 

•	On-bus and central infrastructure: This group of detectors base 
on Automated Vehicle Localization (AVL) equipment like Global 
Positioning System (GPS) and General Packet Radio Service 
(GPRS). On board localization equipment communicates with 
the Traffic Control Centre or other centralized infrastructure 
and priority is given based on position. 

3. Description of investigated 
area

The simulation and evaluation of BSP is made using real 
traffic data from the existing networks and signal controllers, 
the estimation of various parameters and the data was done 
as accepting data provided by the department of transport of 
Bialystok municipality office. The four most important aspects 
needed to perform successful simulation are junction settings, the 
vehicle information, the simulation scenarios and signal control 
plans. The investigated area consisted of three intersections, two 
of which are crossroad junctions and are following each other on 
a main corridor, have extensions creating an additional 1 lane in 
a downstream direction, designated for cars that are performing 
and queuing for a left turn (Fig. 1).

The second important information needed to perform a 
successful simulation of traffic network is the vehicle and traffic 
volume information. In this study, 3 classes of vehicles were 
implemented: personal cars, HGV and public transportation 
buses. Information about traffic volumes was necessary to create 
vehicle inputs in the model taken from the data collected from 
video detectors on intersections. As a representative day there 
were chosen average day – Thursday 5 of April 2012. This day was 
chosen as result of a careful review of the detector information 
from the full month of April and a selection of the most average 
day with a dependence to traffic volume. In given localization 
there is no influence of seasons of the year, hence no other months 
were considered to choose an average day. The traffic flow from 
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this day shows a main traffic stream from the most northern end 
of Hetmanska Street (northern arm of first intersection) and 
follows through a middle intersection right to a junction with 
an centralised island, this is where the traffic splits into eastern 
and western arms of the junction with insignificant flow into the 
southern arm.

Fig. 1. Map of investigated area [3]

The routing decisions were created accordingly to detections 
on subsequent lanes on each junction with respect to direction 
available to continue in. Near to the most southern intersection, 
routing decision were calibrated more carefully due to the 
problems with simulation mechanics and to assure full usage of 
available lanes on centralised island. The goal here was to make 
simulation as close to reality as possible.

The last important aspect of simulation are signal controls at 
intersections. The first two intersections (Hetmanska – Promienna, 
and Hetmanska – Marczukowska) are currently functioning on 
fixed time signal controls. The third which is the most complicated 
intersection is working with the use of a vehicle actuated logic 
programme but unfortunately the programme is descripted in 
an unclear way without the precise documentation about phases 

and intergreen times. Thus for needs of elaboration simplified 
fixed time programme is used which works in four different cycles 
depending from the time of the day.

4. Proposed changes in traffic 
organization

First of the changes in signal control were implementation 
into signal control logic, on the first two intersections a green 
light recall and green phase extension in case buses are detected 
near to the junction. These features however apply only to the 
phases where buses are granted with a green light. The values of 
a green extension and recall call are respectively 7 seconds and 
5 seconds. On the third, an intersection signal control logic was 
however completely changed. During traffic data analysis and 
construction of simulation, it was realised that two strong traffic 
streams significantly exceeded traffic volumes in other relations 
during morning peak hours, and these streams are north - west 
and east – north. Therefore signal control for this intersection was 
completely changed and its algorithm is presented.

Bus lanes with the highest cruise frequency are using the same 
relations and some time savings can be achieved only thanks to this 
change. In addition like at intersection Hetmanska – Promienna 
and Hetmanska – Marczukowska there were applied measures to 
extend green time if profitable, or a cause recall of green signal 
for stream with bus participation. Precise values of a green time 
extension, recall of green light and placement of detectors were 
established by empirical methods using a micro simulation 
software and were modelled according to the values in [2] and [4]. 
The multiple simulation runs confirmed the best values of green 
light extension for this intersection to be 13 seconds and earliest 
green light call to be allowed at maximum of 5 seconds before 
regular time. Those values however differ insignificantly for the 
different phases and time of the day at intersection due to different 
traffic characteristics and signal control cycle time during the day.

4.1 Simulation of changes in traffic 
organization

For the simulation of bus transport signal priority a VISSIM 
software was used. Several options of detectors length were tested 
on simple intersection in order to determine its influence on buses 
crossing intersections. The starting position was taken from [4] 
and was established as 100 meter long detectors placed 150 meters 
before the stop line. Several trials however showed that for given 
vehicle inputs and speed limits the most effective are detectors 
placed 120 meters before an intersection, with 110 meters length. 
Therefore this combination of detectors and placement was 
implemented in simulation. These detectors were placed only on 
street lanes where bus traffic is present and in the case of intersection 
Hetmanska – Popieluszki they were implemented only on enters to 
intersections and not around the centralised island. 

Signal control logics were programmed in a VisVap programme 
enabling an easy design of signal control logics in form of graphs 
and then compiling it to the form of a simple *.vap file which is 
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readable for VISSIM simulation software. VAP stands for Vehicle 
Actuated Programming and is a module of the VISSIM programme 
enabling more complex and intelligent solutions on traffic lights 
control.

Than the whole simulation was one more time conducted in a 24 
hours period of time with all others parameters left at the same levels.

5. Comparison of results 
In order to evaluate the profitability and real benefits from 

introduction of BSP, the three main evaluation dimensions were 
established, being delays, environmental impacts and monetary 
evaluation.

5.1 Simulation results delays

The most common indicators to evaluate the efficiency of 
bus signal priority are delays and travel times. The travel time is 
more appropriate for monetary evaluation than for efficiency and 
thus in this section delay information will be used for evaluation 
of efficiency for bus signal priority. Other data output from the 
simulation software that can help in the evaluation of BSP is 
queue length information and PT waiting time evaluation, this 
is provided as one of the outputs from running a simulation in 
VISSIM software. This evaluation provides a log file of all events 
when a public transport vehicle is stopped (excluding passenger 
interchange stops and stops at stop signs) [5]. 

Delay information describes efficiency of BSP in most direct 
and a straight forward manner and that is why it shall be described 
in the first. It can be defined as subtract of theoretical (ideal) travel 
time from the real travel time.

For the comparison of delays before and after changes in 
simulation a few categories of data from morning and afternoon 
peak hours (respectively 7–9 am and 3–5 pm) were compiled. 
Results were calculated separately for buses and passenger cars 
and they consist of the following information: 

•	Sum of delays duration – the sum of all delays duration time 
in examined time period expressed in seconds. 

•	Average delay duration time – the average delay per vehicle 
in examined time period expressed in seconds per vehicle. 

•	Sum of the time spent stopped – the sum of all time the vehicles 
spent stopped during examined period of time expressed in 
seconds.

•	Average time spent stopped – the average time spent stopped 
per vehicle in examined period of time expressed in seconds 
per vehicle. 

•	Average number of stops – the average number of stops 
performed by each vehicle in examined period of time. 

•	Number of affected vehicles – the number of vehicles that 
suffered from delays in examined period of time.

As expected the bus delays seem to be significantly smaller 
when a BSP was applied. The significant improvement in travel 
conditions is also visible in the case of personal vehicles which can 
be surprising but it is important to mention that a huge majority 
of cars on the first two intersections is travelling along with the 

PT buses on the main corridor and last intersection consists of 
multiline roads which allow passing through intersection for large 
amount of vehicles at any time green light time is extended. It can 
be suggested that the new algorithm that is favouring main traffic 
streams is having a strong influence on overall traffic conditions at 
intersections. Delay times in morning peak hours were decreased 
by over 15% for buses and above 23% for private vehicles which 
seems to be great improvement. In the case of buses we can deduct 
a decrease in number of stops for almost 37% which is very good 
achievement. 

Table 1. Delay time comparison for morning peak hours 7:00 – 9:00 am 
[own study]

Delay 
information  

in current 
state

Delay 
information 

with BSP

difference 
[%]

Bu
se

s

Sum of delays duration [s] 1420.20 1200.3 -15.48%

Average delay duration 
time [s/veh] 118.35 100.03 -15.48%

Sum of time spent 
stopped [s] 391.5 318.2 -18.72%

Average time spent 
stopped [s/veh] 32.63 26.52 -18.73%

Average number of stops 2.49 1.57 -36.95%

Number of affected 
vehicles 60 53 -11.67%

Pa
ss

en
ge

r c
ar

s

Sum of delays duration [s] 1126.6 863.6 -23.34%

Average delay duration 
time [s/veh] 93.88 71.97 -23.34%

Sum of time spent 
stopped [s] 775.9 576.8 -25.66%

Average time spent 
stopped [s/veh] 64.66 48.07 -25.66%

Average number of stops 2.76 2.04 -26.09%

Number of affected 
vehicles 1886 1303 -30.91%

Moving to the results of afternoon peak hour, we can recognize 
a similar trend in changes of the delay times and number of vehicles 
delayed or stopped on their routes due to the traffic lights or poor 
traffic conditions. Overall the numbers seem to be smaller but it 
is closely related to the traffic volume which is almost doubled in 
afternoon peak hours in relation to morning peak and thus BSP 
efficiency is smaller in magnitude.

5.2 Simulation results emission levels

In this chapter the emission analysis and environmental impact 
of bus signal priority is conducted. This evaluation is much more 
complex and the results are less reliable due to the complexity of 
formation and emitting process of each from four main pollutants 
CO, NOx and VOC. Another difficulty in this evaluation is the 
high dependence on engine types and the year of production for 
each vehicle in traffic network thus significant simplifications had 
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to be done which may influence the numerical values but should 
still present the direction of changes in matter of emissions.

The Table 2 presents emission results as total emission in 
grams, divided for specific time periods and by each intersection 
separately. Time periods presented in the Table are morning peak 
hours, afternoon peak hours and total emissions for the whole day. 
Results wise we can see the main 3 columns standing for different 
emissions and subdivision of those for results of simulation of 
the present state, the state after an implementation of BSP and a 
numerical difference of both solutions.

Table 2. Emission results from VISSIM software for both simulation 
cases [own study]

Intersections Hetmanska- 
Promienna 

and 
Hetmanska- 

Marczukowska

Hetmanska- 
PopieluszkiEmissions 

Difference  

CO
Daily [g]: -15136.8 20208.51

Monthly [kg]: -454.104 606.2553

NOx 
Daily [g]: -2944.88 3931.99

Monthly [kg]: -88.3464 117.9597

VOC
Daily [g]: -3507.96 4683.67

Monthly [kg]: -105.2388 140.5101

5.3 Simulation results monetary evaluation

This last section of the BSP evaluation is an economical 
comparison and assessment of the appropriateness of changes in an 
elaborated traffic corridor. The economical evaluation concentrates 
on a value of time and fuel consumption which contribute to 90% 
of overall costs [4]. At the beginning to start with it is necessary to 
determine occupancy of the buses and private cars which is necessary 
for further calculations.

From [6] the structure of Bialystok public transportation the 
buses fleet is 45% of regular buses and 55% of articulated ones out 
of total 276 vehicles. Regular buses in Bialystok are MAN Lion’s 
City with capacity of 85 passengers and the articulated buses are 
Solaris Urbino 18 with capability of accommodate 174 people. This 
gives us an average capacity of 134 passengers in Bialystok buses. 
From the research done by public opinion and statistics institute 
[7] we can read that the average occupation of buses in Bialystok 
during non-peak period is equal to 54% and during peak hours it is 
96% which gives respectively 72 and 129 passengers. This data will 
be used to evaluate costs due to time savings in changes of travel 
times of vehicles in the network along with average occupancy of 
personal cars equal to 1.2 person per vehicle. 

The information about travel times is collected at each intersection 
separately for each relation (12 relations per intersection) and 
separately for all directions in which bus PT lines occurs. The 
second factor taken into consideration in monetary evaluation is fuel 
consumption of vehicles in network. Unfortunately neither VISSIM 
nor EnViVer software does not support fuel consumption calculations 
for each different class of vehicles. Both software enable calculation of 
fuel consumption levels only basing on virtual vehicle counts where 
all vehicles are counted as the same engine model. Hence all of results 

presented here should be taken with reserve and this is why they are 
described separately below. Combined results for investigated case are 
presented in Table 3.

Table 3. Total economical differences due to BSP application [own 
study]
  Value of changes [€ / day] Percent change [%]

Intersections: 1 2 3 1 2 3

Value of 
travel time -352.75 -747.98 558.22 -27.82 -23.88 8.74

Price of fuel 
cost -890.56 -71.58 1093.8 -33.43 -3.38 15.3

Sum -1243.31 -819.56 1652.02 -27.84 -23.84 8.71

6. Conclusion
The case study showed that BSP is great tool to improve public 

bus transport conditions but only when applied wisely and with prior 
studies on feasibility. The results of modelling differed for different 
traffic conditions and relation, the structure on intersections in 
case of the same priority algorithm (intersections 1 and 2). This 
implicates sensitivity due to traffic relation structure and variations 
in stream saturation by buses (different percentage values of each 
performer index in peak hours, and in normal traffic). Negative 
results dissuading from BSP implication of BSP at intersection 3 
suggest highest care before application of this tool and the necessity 
of detailed research and prior studies weather BSP is demanded 
solution for particular junction. 

The general conclusion is that bus transport priority can truly be 
a tool for improving the situation of future transport in cities such 
as selected in this case study, but due to high influence of different 
traffic conditions and large scale of possible solutions each situation 
needs to be investigated separately and no universal solution exists 
that would always bring benefits without negative consequences. 
Therefore for establishing “which and where” solutions further 
studies are needed and advised.
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ABStRAct
Management in transport is mostly based on transport market observations and the person managing transport in 
a company must respond quickly to customers’ needs and implement new solutions. At present, competition forces 
transport companies to look for possibilities for cost optimisation, including transport costs. Effective planning of 
the vehicle fleet use is a significant element influencing the company’s financial result. The use of appropriate tools 
allows for greater savings and improvement in the effectiveness of vehicle use. 
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1. Introduction
Nowadays, information plays a very important role in running a 

transport company. To be able to manage such a company efficiently 
and effectively, modern IT systems, which quickly provide 
comprehensive information on the fleet, are necessary. The more 
up-to-date data a person managing the company’s vehicles has, the 
better they can use them.

In transport companies, information includes data on the 
current vehicle location and the distance travelled, the drivers’ work 
(driving) time, vehicle ranges (quantities of fuel in tanks) and on 
the technical condition of vehicles. Fleet managers want to know 
where their vehicles are a given time and whether the persons they 
are entrusted to use them in accordance with their intended use.

   In view of the above factors, it is important that special 
monitoring systems should be created (location, connectivity and 
data transmission) allowing for sending data in large areas, which, 
at the same time, will be a reliable source of information on vehicle 
location. There are a lot of solutions for vehicle location, control 
and protection (including passenger cars, trucks and transport 

machines) and these solutions use devices installed in vehicles for 
this purpose. These devices combine the functions of a locator, 
alarm and a “black box”. Thanks to them, it is possible to check 
where a vehicle equipped with a system is, what its momentary (or 
average) speed is or check the history of driving and stops. Owing 
to the functionality and low operation costs of these devices, 
transport companies buy and install such systems readily, owing 
to which their vehicles are under continuous control.

2. Theoretical issues of modern 
control and management in 
transport

Direct supervision of fleet vehicles is not easy as these vehicles 
rarely stay on the company’s premises, they are usually on roads. 
Such services are already highly developed and systems allow for 
controlling vehicles in real time (following the optimum route 
and with an appropriate speed) and next, following appropriate 
reports. The safety aspect is also involved.
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Modern positioners monitor vehicle operation. There are several 
companies on the market offering fleet management systems based 
on satellite vehicle monitoring combining the technologies of GPS 
and GSM devices [1], [2]. Using GPS satellites, the system obtains 
data on the location and the GSM technology is used for sending 
data. These companies include eg. Liberty GPS,  Truck 24, [3] 
and CMA Monitoring [4].

Fleet vehicle monitoring systems are also offered by some truck 
manufacturers, e.g. Mercedes Benz (Fleetboard) or Iveco (Iveconnet). 

A diagram of the operation of a monitoring system is shown 
in Fig. 1.

Fig. 1. Diagram of the operation of a vehicle location system  [5]

The device installed in a car (or another vehicle) receives data 
on the exact location from a system of satellites. This information 
is then sent by means of a mobile network to a server when it is 
analysed. If a vehicle is outside the range of the mobile network, 
data are stored in the internal memory and sent again after 
connecting to the network. 

Satellite phones, instead of GSM phones or at the same time as 
GSM phones, can also be used for data transmission. The operation 
of the devices does not depend on the quality of operation of the 
GSM network. Satellite phones are mostly used in vehicles, which 
are used in non-urban areas, outside the range of GSM operators.

Servers are the most significant part of the system, which 
continuously receive information from all monitored vehicles. 
These computers collect data and process them into a form legible 
for the recipient. 

Monitoring and location systems can be divided into two 
groups:

•	on-line solutions: for reading the position and parameters, 
such as: speed, driving direction, duration of stops - the GSM 
technology is used. The on-line notion means that the device 
also has integrated data transmission modules. As a result, 
regardless of the object location, the user is able to locate it 
in real time. Of course, a retrospective analysis is possible at 
any time,

•	off-line solutions: the principle of route, speed and stop 
registration is identical and analyses are performed on a cyclic 
basis. The route recorder is the “black box” which registers 
all necessary information. Access to information is obtained 
owing to the possibility of reading it from the device and 
copying into an analysing programme.

A small size and weight of the device allows for installing it 
in various places difficult to access. Information collected by the 
positioner is sent to the monitoring station and next plotted onto 
a map available to the system user. Using the Internet, it is possible 
to visualise the on-going position and to generate reports and 
summaries, both for individual vehicles and for large company 
fleets.

A vehicle monitoring system allows for: 
•	monitoring the entire fleet of vehicles in real time,
•	locating individual vehicles and drivers on the map,
•	generating a journey register,
•	detection of private use of company vehicles,
•	analysis of vehicle use effectiveness (speed, fuel consumption, 

refuelling),
•	vehicle servicing planning,
•	report generation.

Maps with appropriate accuracy are needed for accurate vehicle 
positioning; today, mostly digital maps are used. The majority of 
digital maps available on the market are very easy to use. A laptop 
computer or a mobile phone with a map reading function is enough 
to view these maps. Digital maps are stored in the memory of the 
device, on which they are viewed or are downloaded directly from 
the Internet.

The map based on the OpenStreetMap platform is the most 
popular and the most accurate map in Poland. This is a system 
for registration and processing of information from distributed 
objects [6]. OSM is a project developed to create a free and easily 
accessible map of the world, which anybody can edit. All data are 
made available under an open-source licence, which allows for their 
further use. Fig. 2 presents a map from the OpenStreetMap system.

Fig. 2. A fragment of a map of the city of Katowice in the OSM 
system [own study based on 6]

The so-called tachographs are devices recording the driver’s 
work. They were introduced to improve road safety and to monitor 
the driver’s working time. There are two types of tachographs - 
analogue and digital ones (digital tachographs are used the most 
often today - Fig. 3).

Fig. 3. Siemens digital tachograph [7]

Positioners are not used only for locating vehicles. They are 
complex devices, which can be connected to various sensors that 
process large amounts of data.
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The system can generate a summary of various parameters 
from the vehicle for a specific period. A report may contain 
information, such as:

•	vehicle’s registration number, 
•	total time counted from the first time the engine is started to 

the last time it is switched off,
•	driving time, calculated as the sum of all times from the 

engine start-up to the time it is stopped,
•	stopping time, as the difference between the total time and 

the driving time,
•	maximum speed,
•	average speed which is calculated as the ratio of the route 

length to the time,
•	distance travelled, 
•	fuel use in a percentage value - the driving time to total time 

ratio,
•	fuel used,
•	odometer values at the beginning and at the end.

Positioners also allow for controlling the cargo area in the 
vehicle or connected to it (e.g. a semi-trailer). There are several 
possibilities of locating the semi-trailer. Closed cargo areas 
are controlled the most often (i.e. cold storage compartment or 
container), it is difficult to monitor open top semi-trailer.

There are many loads that are sensitive to environmental 
conditions (temperature, light). Positioners allow for controlling 
the temperature inside the cold storage compartment. To collect 
data pertaining to the temperature, it is necessary to install 
temperature sensors inside the semi-trailer. Information about the 
opening or closing of the cargo area is an important signal from the 
point of view of a transport company. This allows for controlling 
the time the driver devotes to the loading and unloading of goods. 
It can also signal the opening of the cargo area, when this area 
should be closed, e.g. while driving. The use of such a sensor 
will prevent the semi-trailer door from opening without leaving 
information about this fact in the system.

In transport companies, truck drivers often change semi-
trailers. In a situation, in which the positioner is installed in the 
road tractor, the identification of the semi-trailer requires the 
installation of an additional device in this semi-trailer (identifier). 
In a situation when the semi-trailer or trailer is connected to the 
road tractor, a virtual trailer combination is created in the system. 
This status is kept until the combination is disconnected. The 
fleet administrator can follow the history of routes of individual 
combinations at any time. The time and place of leaving and taking 
semi-trailers by individual drivers can be checked accurately. It 
is particularly important when the transport company has more 
semi-trailers or trailers than road tractors. In this case, positioners 
are installed only in vehicles and identifiers are installed only in 
semi-trailers. It is a more economical solution than installing 
positioners in semi-trailers.

Companies more and more often decide to train their drivers 
in economical and environmentally-friendly driving. Employees, 
who drive company cars, do not always have knowledge and 
skills allowing for driving vehicles economically, which translates 
itself into higher fuel consumption. Fuel has the greatest share in 
costs of vehicle use, so companies attach a lot of importance to 

economic driving. Eco-driving is driving style, which not only 
allows for reduced fuel consumption, but it is also environment-
friendly. Eco-driving is mostly based on predicting road situations 
while driving. The vehicle should be driven in the highest possible 
gear within the optimal range of revolutions (RPM). Sudden 
accelerating and braking, putting a strain on the vehicle and 
dynamic driving significantly affects the vehicle’s wear and tear.

The GPS positioner can collect data concerning the driving 
style. It is possible to collect basic information, such as the speed, 
engine RMP, acceleration and braking and additional information, 
such as the use of the brake pedal or the pressure on the gas pedal. 
These data are used in the analysis of the driver’s driving style. By 
means of the system, the person managing the company’s fleet can 
check how the vehicle is used by the employee. After analysis all 
this information, it is also possible to assess the whole driving style 
or its individual components.

A lot of companies have introduced a possibility of two-way 
communication with the driver. This system consists of two 
segments. The first system is installed in the vehicle. The other 
one is the interface, which is installed on the computer of the 
dispatcher or the person managing vehicles in the company. In 
the vehicle, this is usually a device with a touch screen, which 
can send and receive information. The dispatcher in a transport 
company can provide data to the driver on loading or unloading 
and set routes or check the order status. 

The Law on Road Traffic [8] imposes on the driver the duty 
of archiving data recorded in the driver card. To make it easier 
for transport companies, driver card readers connected to the 
positioner can be installed in vehicles. A sample card reader 
installed in a truck is shown in Fig. 4.

Fig. 4. Driver card reader [9]

Nearly all companies offering vehicle tracking using a GPS 
system offer the possibility of protecting objects, in which the 
system is installed. In this case, the locator acts in a manner 
similar to a car alarm with the telephone notification function. 
The difference is that together with the alarm, information is sent 
about the current position, which reaches the monitoring station 
and starts the alarm-handling procedure. 

If drivers are carrying valuable loads, insurers often require a 
satellite location system in the case of theft.
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3. Practical use of positioners 
To check the positioning system and confirm the 

manufacturer’s data, an appropriate experiment was conducted. 
In the presented research, the author’s private car was used. It 
was equipped with a GPS positioner, which was connected to a 
CAN bus. The positioner operated in the Automonitoring system 
by the CMA Monitoring company [4]. The system allows for 
controlling vehicles using the website or the mobile phone. The 
user who knows their individual login and password has access 
to the system. All data, which are presented below in tables and in 
drawings, were generated and converted on the basis of data from 
the vehicle obtained via the positioner.

Summaries generated by the system contain a lot of 
information. The selection of the most significant information and 
their presentation required the use of appropriate filters, e.g. the 
range of dates, data type, such as the fuel level, engine revolutions, 
distance travelled and vehicle speed. Fig. 5 shows a sample general 
report. 

Fig. 5. Sample general report [own study based on 4]

The system also generates an eco-driving report, in which 
vehicle parameters and the driver’s driving style are evaluated 
automatically while driving. The report shows the ranking of the 
most efficiently driving drivers and presents accurate information 
about the distance, driving time, fuel used, engine revolutions and 
the route type (city driving/road routes). The greatest value of the 
eco-driving report involves an advanced analysis of the driving 
style of individual drivers, which has a significant influence on 
fuel savings in the company. 

Various reports can be obtained from the monitoring system, 
which are created from data stored in the memory. These can 
be summaries that included the distance travelled, the driving 
and stopping time, fuel consumption, operation and odometer 
values from specific days and even speeding. For trucks, it is very 
important to have a possibility of controlling the time, during 
which drivers spend driving - in this way, exceeding the designated 
working time can be prevented.

Table 1 presents a report, which was generated for the vehicle 
under analysis. A summary is generated for the declared period and 
it contains basic information, such as driving and stopping time, the 
number of kilometres travelled and the amount of fuel used. Also, 
the average and maximum speed in a given period can be read.

Table 1. Basic summary [own study]

Reporting period beginning date 04/03/2014 08:53:36

Reporting period end date 05/03/2014 11:31:25

Total time 1d 2h 37m 49s

Driving time 23h 33m 23s

Stopping time 3h 4m 26s

Average speed 98 [km/h]

Maximum speed 148 [km/h]

Distance travelled 2,314.2 [km]

Vehicle use 88 [%]

Fuel used 148.4 [l]

Average fuel consumption 6.7 [l/100km]

Vehicle odometer at the beginning 39945 [km]

Vehicle odometer at the end 42260 [km]

Distance – [business use] {private use} {2,314.2 [km]}

A daily or weekly report is less detailed, but it covers a longer 
period of time. Table 2. presents such a detailed report for the vehicle 
under analysis. The start and end times are times corresponding to 
the first start-up and the last stopping of the vehicle during the day 
and the distance travelled by the vehicle. Owing to this summary, 
persons managing the fleet can settle the driver’s working time with 
an accuracy to the second. This report is particularly useful in a 
situation, in which the vehicle is not equipped with a tachograph.

These data can also be presented in the form of a graph. For 
example, a bar graph informing about the number of kilometres 
travelled - Fig. 6.

With a larger number of observed vehicles, it can be seen in 
such a drawing how many kilometres these vehicles travelled 
in individual weeks of a given year. In this way, it is possible to 
determine accurately which vehicle in a company travels the 
greatest number of kilometres a week. On the basis of an analysis 
of such data, it is possible to balance the number of kilometres 
travelled by individual vehicles.

Table 2. Daily vehicle use report [own study]

Day Time started Time ended Distance [km]

15/03/2014 07:30:52 17:08:04 40.38

16/03/2014 07:47:53 16:57:13 39.42

17/03/2014 01:21:10 23:53:21 45.87

18/03/2014 00:09:21 16:50:28 41.16

19/03/2014 07:42:24 15:29:01 69.18
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Table 6. Ranking of individual driving style ratings for the 
vehicle[own study]

Rating (according to the description)

1 2 3 4 5 6 7 8 9 10 11

8.5 8.8 8.3 3 2.2 9.7 7.3 8.3 10 4.1 7.9

Rating description :

1 acceleration features 7 cruise control use

2 braking features 8 clutch use

3 keeping a constant speed 9 stopping frequency with the 
engine turned off

4 keeping the speed within the 
optimal range 10 keeping the engine RPM within 

the optimal range

5 exceeding speed limits 11 exceeding engine revolutions

6 time of braking with the engine 
and the use of the brake pedal

Fig.7. Histogram of engine revolutions relative to the driving time 
[own study]

Fig. 8 contains a similar graphic interpretation of driving 
speed rating. It is confirmed in this graph that the vehicle did not 
move or moved slowly 13% of the time and speeds of over 120 
km/h constituted nearly 12%. 

Fig. 8. Speed histogram [own study]

Fig. 9 presents a histogram of accelerating and braking relative 
to the driving time. It can be seen that 68% of the driving time, 
speed changes were at most by 1 km/h. 

Fig. 6. Histogram of the distance travelled by the vehicle in 
consecutive weeks [own study]

It is equally easy to settle accounts with the driver as regards 
the fuel used, the working time and kilometres travelled on the 
basis of data received by the system. High driving speeds are 
connected with higher fuel consumption. As the positioner collects 
information about the vehicle speed, it is possible to generate a 
summary presenting the speed limits exceeded for a given vehicle. 

A basic eco-driving report is presented in Table 3. The report 
was generated by the system on the basis of information collected 
from the vehicle under analysis.

Table 3 contains basic data pertaining to the vehicle, such as 
the engine capacity, fuel type and the year of manufacture. It also 
shows the registration number and the vehicle name in the system. 
These are data which are entered by the user. Other data, such as 
the distance travelled, fuel consumption and the driving time, are 
collected by GPS positioners and calculated from the vehicle’s 
computer. The last column contains the rating of the driving style 
in a given period. In this case, the rating scale ranges from 1 to 10, 
where 1 is driving not consistent with the eco-driving principles 
and 10 means full compliance with these principles. Table 4 
presents a detailed eco-ranking prepared on the basis of the route 
travelled by the vehicle under analysis.

Detailed speed, revolutions, acceleration and braking graphs 
allow for a more in-depth analysis of the driving style. Their 
analysis shows when the driver follows the eco-driving principles 
and which areas require improvement.

Fig. 7 presents a graph of engine revolutions as compared to 
the driving time in the entire period under analysis. It shows that 
the driver tried to keep the engine RPM on the optimal level most 
of the time (58%). The vehicle idled for 8% of the time. This results 
from longer stops with the engine running, e.g. at traffic lights or 
in traffic jams. Additionally, taking into consideration the engine 
RPM were up to 1500 28% of the time, it can be concluded that the 
vehicle started moving or got to traffic lights, while braking with 
the engine until it stopped. Higher revolutions are the result of 
accelerating and driving at high speeds on motorways. 

Table 5. Basic eco-driving report [own study]

Vehicle Name Brand Model Engine 
capacity Fuel type

SK010AG Mikulski Mercedes B 180 1.8 [l] Diesel

year of 
manufacture

Distance Fuel
used 

Average
fuel 

Driving 
time

Eco-
ranking

2012 537 [km] 35.9 [l] 6.7 
[l/100km]

3h 45m 24s 7.9
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Fig. 9. Accelerating and braking histogram [(km/h)/(1s)] relative to 
the driving time [own study]

4. Conclusion 
Generating reports, their accurate analysis and discussing their 

results with drivers may allow transport companies to reduce the 
wear and tear of their vehicles. These vehicles will use less fuel and will 
be less exposed to wear and tear. In this way, companies will reduce 
costs and vehicles will have a higher value for subsequent sale.

Considerable advantages can be gained from monitoring:
•	possibility of immediate determination of the position and 

selected vehicle parameters,
•	possibility of making vehicle users drive more carefully,
•	immediate notifications about a prohibited use of the vehicle, 
•	full information about the way of using the vehicle,
•	improved effectiveness of vehicle use,
•	lower fuel consumption. 

Advantages brought by the use of positioning systems 
according to the CMA Automonitoring company [4]:

•	30% reduction in fuel consumption in vehicles,
•	15% reduction of the number of kilometres travelled, 
•	12% increase in the effectiveness of transport use,
•	10% of additional discount on the comprehensive motor 

insurance.

Legal principles of using monitoring systems must be 
remembered. It is worth knowing when the employer has the 
possibility of installing GPS devices in company cars and whether 
this can be done without the employee’s consent or without 
informing the employee about this fact. Pursuant to the Labour 
Code, an employee undertakes to perform work at a place and 
time designated by the employer, so the employer is entitled to 
control the performance of duties by the employee. It should be 
emphasised that the company also has the right to protect its 
property (vehicles in this case) and can execute this right using 
a GPS system, but it is necessary to inform the employee about 
the monitoring. Such a solution creates a clear situation and 
prevents any accusations of infringing regulations on personal 
data protection. 

A similar experiment is planned in Slovakia in cooperation 
with the  University of Žilina in the near future.
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ABStRAct
Monitoring of the status and behavior of drivers is important for ensuring traffic safety. The process using SHP 
(automatic train braking system) and CA (dead man’s control system) has been used in railway transport since 
1960s. Equipment of similar functionalities is at the stage of research and single implementation projects in road 
traffic. It seems that monitoring of drivers in both rail and road traffic can be implemented using equipment of the 
same or similar construction, operating within visible and infrared bands, and in the acoustic spectrum. This article 
includes a presentation of two universal devices developed by the authors. The planned monitoring systems to be 
used in road and rail traffic can be similar in terms of equipment used. As regards software, collecting information 
about behavior and status of drivers (based on functionalities of equipment), the two systems differ.

KEYWORDS: footage processing, human interface and behavior, image recognition

1. Introduction
Monitoring of a physical status and behavior of drivers has 

attracted increasingly large interest among researchers, not only in 
the context of traffic safety. Characteristics describing the driver also 
influence the use of capacity of road transport infrastructure [27],[28]. 
They can be used to design constructions and distribution of point 
and line infrastructure facilities. This applies both to rail and road 
traffic. One could expect that with growing speed in rail transport 
and gradually exhausting capacity of lines of various categories, 
research on the influence of driver’s behavior on using infrastructure 
parameters will become increasingly important.

Complex driver’s behavior models [1], [9], [27], [28], [29] 
are implemented in micro-simulation road traffic programs. The 
models are based on measuring basic features of vehicle movement 
(speed, acceleration, etc.) and observing parameters of traffic flows, 
chiefly from the point of view of an external observer. Research on 
characteristics of vehicles uses functionalities of movement detectors 
and sensors fitted within a road side. In such a measuring system, 
the driver is examined indirectly. It is an important simplification of 
the problem due to technical limitations. In recent years, researchers 
have focused increasingly often on the interior of a vehicle and 

driver [4],[7],[8],[11],[13-22],[25],[36]. This approach is supported 
by the development of new technologies, in particular devices for 
monitoring visible spectrum and infrared, and the development of 
methods of image processing (including in motion) [30],[31]. 

The main area of using our knowledge about driver’s behavior is the 
improvement of traffic conditions and its safety [2],[4],[10],[14],[21]. 
Vehicle traffic directly depends on a driver’s physical and mental 
status and his behavior. For this reason, the monitoring of a driver 
himself is the most promising as regards enhancing traffic safety. 
Driver’s behavior and status are primary causes of the majority of 
traffic threats and incidents [4],[8],[11].

It is worth mentioning that from the point of view of the issue 
concerned, driver’s behavior is not determined as independent 
variables. Driver’s behavior in road traffic (manner of driving) is 
influenced by fuel price, capacity, weather conditions, communication 
available over CB network (citizen band) radio, etc. Thus, it is a complex 
system with many interaction channels, which should be examined in 
real time using sophisticated methods of data abstraction, processing 
and analysis. The complexity of the issue is illustrated by research on 
the impact of fuel prices on driver’s attitudes and behavior in road 
traffic [3],[5],[32]. Track driver’s behavior in rail traffic (specific rules, 
manner of driving) is also influenced by many factors. Much more 
complicated is the vehicle service.
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1.1 Human behavior and health condition

Undoubtedly, physical and mental health of a driver have the 
most significant influence on traffic safety. The weakest element 
of even the best designed road and means of transport is a man. 
It is reflected in formal and legal requirements which need to 
be met before someone acquires the right to drive a vehicle 
[33],[34],[35],[40]. An important limitation in this respect is 
the lack of possibility of having fully and reliable verification of 
driver’s health while driving. Such research can be carried out by 
authorized people only in organizations having concessions and 
in the case of examining professional drivers it involves the use 
of specialist equipment. The research has been conducted in a 
specific interval (according to authors it was too long considering 
rapid changes in life of contemporary societies).

It seems that monitoring of the cabin interior has overcome 
these barriers to a certain limited extent. While examining drivers 
in the visible spectrum or using mechanical measurements, 
simplified procedures can be used for controlling of the driver’s 
status. Although the procedures cannot be performed with 
precision close to medical examination, they can be performed in 
real time. It is the main advantage of driver’s monitoring during 
their duties [19],[37],[38],[39]. 

Acquired information about mental and physical health 
of a driver has complex etiology and is significantly variable in 
time and space. Considering this rough examination of driver’s 
characteristics almost real time, it may turn out that to be an 
appropriate approach to the problem discussed in the article. 

Driver’s behavior can be divided into several basic groups 
known as attitude components. They include behavioral and 
emotional components and knowledge. While in traffic, all 
components play an important role, but only one of them has been 
subject to examination during travelling (so far). The component 
comprises a set of features determining verbal and non-verbal 
behavior of a driver. Colloquially speaking, the examination focuses 
on those processes which can be seen or heard inside the driver’s 
cabin. This component enables examining driver’s extremities, his 
head, gestures, and mimics. It is also possible to examine driver’s 
eye movement around the traffic scene and inside the vehicle, 
and sounds he produces. Examination of drivers can be based on 
monitoring of the vehicle interior (CCTV cameras), eye-tracking 
systems, elements of active safety systems and almost all kinds of 
sensors. The article presents several solutions of this sort based on 
various technologies for examining driver’s behavior.

1.2 Human interface

An important aspect of research on driver’s behavior is to 
determine their interaction with onboard equipment in the cabin. 
Similar issues are analyzed in research and development projects on 
the HID market (Human Interface Device) [6],[12],[23]. Driver’s 
behavior research should be correlated with the status of onboard 
equipment operated by the drive, equipment which changes driver’s 
behavior in specific situations. Additionally, studying correlation 
should also cover operation of the onboard equipment by the driver 
(individual personal differences in population).

From this point of view, apart from above listed examination 
of driver’s health status and behavior, developing modern and 
ergonomic dashboards should be a subject of particular interest. 
In-vehicle driver behavior monitoring enables better adjustment 
and arrangement of control devises within a dashboard and 
displayed information. This applies not only to the form of 
information, but also display time and synchronization with other 
information [41],[42]. Recently, virtualization of dashboards 
has become increasingly important. This is supported by a 
major advancement in manufacturing liquid crystal displays, 
and recently displays based on graphene. Personalizing control 
equipment in a vehicle should in principle facilitate operation and 
thus contribute to improved conditions of driving and increased 
traffic safety.

2. Purpose of the research
The purpose of the research is to develop systems that provide 

parametrization and analysis of driver’s behavior and status in 
near real time. In principle, these systems should use various 
monitoring techniques with the possibility of fitting them in every 
vehicle. A project has been implemented involving rail-bus SA132 
series operated by Koleje Wielkopolskie sp. z o.o., a regional 
railway operator. A decision was made to use the following driver 
monitoring systems (rail vehicle driver):

1. CCTV cameras (MORKM, module for observing movements 
of extremities) 

2. eye-tracking glasses (MET, eye-tracking module),
3. ultrasound sensors (MPPM, driver’s position module).

The first set was developed in two versions to operate with 
visible spectrum and independently in infrared. Despite technical 
differences, all those systems can be used complementarily to 
each other. For example, a functional limitation of MPPM is 
distance characteristics of ultrasound sensors (max. range 150÷180 
cm). Additionally, comparative tests are planned with the use of 
equipment by Kinect Microsoft version 1.0 (2.0, when manufacturer 
makes new SDK libraries available, software development kit) 

Initial tests using those measurement systems focus on behavior 
and status of passenger train drivers. The tests can be easily 
implemented in any cabin of a mechanical vehicle that enables 
fitting those measurement systems inside. Similarly, the methods 
of data acquisition in those systems is identical (regardless means 
of transport). Major differences between means of transport in 
different modes reveal themselves at the stage of processing and 
analyzing data acquired. This, however, extends beyond the area of 
the article. Below presented are modules developed by the author 
that are used in research: MORKM, MPPM and MZŚ (environment 
variables module).

2.1 Hardware

Research equipment prepared to examine drivers consists 
of four different measurement systems, apart from MORKM, 
MET and MPPM, an additional system of reading environment 
variables in the MZŚ cabin (MET has not been described in this 
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article) was used for research. There is one more system used in 
research (not discussed in article) which is designed for providing 
inventory of transport infrastructure. The system uses satellite 
positioning of the vehicle using 4 GPS (global positioning system) 
devices. The research is synchronized with two real time clocks 
made to DCF77 standards (integrated with MPPM and MZŚ). 

The objective of installing a module for measuring 
environment variables in the cabin is to correlate characteristics 
from the module with driver’s behavior and status. The following 
parameters influencing the driver are examined: acceleration, 
temperature, illumination, noise, etc.  it is also possible to monitor 
other parameters such as pressure in the cabin, driver’s pulse, etc.

The MZŚ module is based on a microcontroller Atmega32U4 
AVR (operating at f=16 MHz). During driving, the module 
measures the following in parameters the driver’s cabin: 
temperature, illumination, noise, acceleration of each axle. The 
research uses simplified measurement of environment variables 
in one or two points in the cabin – possibly close to the driver’s 
seat. A chart showing the measurement of variables in the driver’s 
cabin and components of the module are presented in Fig. 1.

Fig. 1. Measurement system of environment variables module 
(MZŚ) [own study]

The module enables measuring environment parameters 
using the following components: acceleration (MMA 7361 LCR 
2;1.5g;6g; illumination (FLD00030/VT90N2); noise (microphone 
PMOF-974P-Q0, and temperature (sensor TMP 36GT9Z; RS 427-
351). Basic parameters of environment variables sensors used in 
the project are presented below: FLD00030/VT90N2, about 300-
700 nm (illumination); 12K-36K, MMA7361; ±1.5g, ±6g; 800 
mV/g @ 1.5g (acceleration),  PMOF-974P-Q; 20-16000 Hz; 120dB 
S.P.L; S.N ratio 60 dB (noise frequency), TMP 36GT9Z; −40°C do 
+125°C; ±2°C (temperature).

2.2 Monitoring in visual and infrared band 
(MORKM)

The research uses a system of 5 to 9 CCTV cameras operating 
simultaneously. The driver’s picture is recorded in several video 
files. Each camera registers a different space section in the driver’s 
cabin. One camera registers an area of driver’s head, two cameras 
are mirrored and register movements of upper extremities and 
upper body, and another one registers movement of legs. The 
module includes another camera fitted to ceiling lining in the 

driver’s cabin to register manipulations performed by the driver 
with his hands on the dashboard.

Fig. 2. MORKM module (left, in laboratory), test vehicle (right) [own 
photo]

Fig. 2 (left) shows the MORKM module operating in the 
laboratory. In the right side of the figure, we have the driver’s cabin 
in track bus SA132 series. 

2.3 Monitoring in ultrasonic band (MPPM)

MPPM module is an independent measurement system. 
The module comprises 7 ultrasonic sequential sensors based on 
the ATMEGA microcontroller. The module acquires data from 
7 position sensors at the rate of 4 readouts per second from an 
individual sensor. Reading of values recorded in particular sensors 
takes less than the reaction time of a track vehicle driver (0.39-
0.77 second) [43],[44]. MPPM module supports MORKM and 
its calibration at the stage of data analysis. The system based on 
ultrasonic sensors might be used for interpreting data from both 
systems: MET and MORKM.

Fig. 3. Ultrasonic sensors module (MPPM), laboratory [own photo]

Fig. 3 presents the MPPM module prepared to work. The 
project uses ultrasonic sensors of different class (from HC-SR04 
to SDM-IO). Below presented are parameters of sensors used: 
<15 degrees (detection angle), precision of projection: 0.2-0.3 
cm ±1%, range of scanning distance 0-150-200-400-500-700 cm, 
depending on sensor’s type and class (in practice characteristics 
of popular ultrasonic sensors enable measuring at distances from 
20 cm to 150 cm). The range is sufficient for measuring activities 
performed by a track vehicle driver.
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3. Software   
Modules presented provide information about movements 

performed by the vehicle driver in the cabin. Each second, the 
MPPM module generates from 3 to 4 lines of data while recording 
distances between the driver and each of n sensors (precision 
about 2 cm). In practice, by multiplying the number of controllers, 
it is possible to mount more sensors in the cabin. It is possible 
to control movement in 15 measurement zones with frequency 
of 4 Hz (frequency can be locally extended to 30 Hz) for two 
MPPM systems. Processing data from the MPPM module is based 
on analyzing matrix A of (n x m), where m -number of sensors, 
and n - multiple observation time. An appropriate design of the 
system enables measuring distances in at least two planes, vertical 
and horizontal, which enables building a module of pseudo 3D 
functionality. In such a case, analysis applies to matrix A’ of (n x 
m x l), where l is a vertical coordinate of a sensor or set of sensors 
controlled by one microcontroller. 

   In the MORKM system, a film registered from each of 5÷9 
cameras provides dynamic content of matrix B which registers 
in elements bij movement in a plane perpendicular to the 
focal length. In practice, the dimension of matrix B, and x j is 
determined at the stage of processing the video material produced 
in the vehicle cabin. At the stage of processing data, a movement 
detection network is declared (similarly to movement detection 
zones in monitoring systems). The distribution of cameras in the 
cabin enables building pseudo 3D matrixes B’ which undergo 
further analysis. One of the cameras controls the driver’s face zone 
and it also provides information as regards the position of eyes, 
mouth and characteristic elements situated within the area of the 
face. This provides for further processing and analysis of mimics 
and pantomime registered within the face zone. Further research 
will concentrate on checking the possibility of tracking driver’s 
eye sight using the same method (support for MET module). 
An example of a software for analyzing data using the MORKM 
module is presented in Fig. 4.

Fig. 4. Software for analyzing data obtained using MORKM module 
[own study]

Fig. 4 presents decoding of frames into movement parameters 
registered in particular cells of the movement detection matrix B. 
The right side of Fig. 4 presents method of determining characteristic 
points within the face zone of the object monitored.

Fig. 5. Diagram analysis [own study]

Fig. 5 shows a schematic representation of few decoding 
process: frames, face details, driver location, GPS and time data into 
different and complex patterns data. Patterns that are registered 
in particular frames of the footage, from different cameras, places 
and time in driver’s cabin. The figure shows six processes is done 
using the acquisition of information (two of them, MET and GPS 
location, were not discussed in this article). Patterns are stored in 
numerical form allowing their further treatment.

3. Conclusion
Based on analyzing test data we may conclude that a rough 

assessment of the driver’s status and behavior is possible real 
time. The analysis of the picture and data from ultrasonic sensors 
provides valid information about driver’s movements taking place 
in the cabin. The MORKM module provides information about 
momentary position of driver’s face parts. Such information is 
correlated with the readout of data regarding physical location of 
transport infrastructure elements (separate module, not presented 
in this article, based on GPS signal acquisition). While analyzing 
and comparing data we may determine relations between driver’s 
behavior, movement parameters at a given stretch, and activities 
performed by the driver in response to information received. The 
system is in its development phase and still requires further research 
as regards retrieving information on recognition of patterns. 
Research findings will be presented in consecutive publications.
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ABStRAct
Maritime passenger transport has a social and cohesive dimension. For islander’s maritime transport influence their 
quality of life since it is has a crucial role in connecting insular places with urban places by providing reliable maritime 
transport service. Service expected by the traveller in the port varies. In order to satisfy the user requirements 
maritime passenger ports have specific organizational, functional and administrative characteristics. In Croatia 
maritime passenger ports, according to their organizational aspect of business operations, are designed for passenger 
liner traffic, cruise traffic and nautical traffic. In this paper the main focus will be given to the organizational aspect 
of passenger liner ports, i.e. on the management of these ports. In the first part of the paper a short overview of the 
maritime passenger transport is given following the analysis on organisation and management of Croatian maritime 
passenger liner ports.

KEYWORDS: maritime transport, management, ports

1. Introduction
Maritime passenger transport until the affirmation of air 

transport was the main mode of intercontinental passenger 
transport. Today maritime passenger transport is operating mostly 
at shorter distances within enclosed seas. Its main transport role in 
transit is connection of insular areas as well as connections of two 
cities or two locations within the same city. Time duration of this 
ferry lines can be from a few minutes until 48 hours. 

Except maritime passenger liner transport by ferry, on national 
economy a big impact also have cruise transport and nautical 
transport. Nautical transport typically uses special purpose ports 
like marinas, while cruise transport uses specially designed ports 
for cruise ships as well as ports that are used by ferries also. 
Maritime passenger ports that are used both by cruise ships and 
ferries in literature [1, p. 75] are referred as hybrid passenger 
ports. In this paper the main focus will be on ports used mostly 
by ferries. These ports will he hereinafter referred as maritime 
passenger liner ports. 

First part of the paper gives an overview of the maritime 
passenger transport in Europe and Croatia following the overview 

of different types of management models in the wold. After an 
overview of maritime passenger traffic and management models, 
Croatian organisational structure of port authorities is analysed. 

2. Analysis of maritime 
passenger liner traffic in 
Europe

Areas with high percentage of maritime passenger traffic, 
excluding maritime passenger traffic provided specially for tourist, 
encompass area of Europe, Canada, Japan, Australia, New Zealand, 
Malaysia [2, p. 32; 3, p. 309], Indonesia [4, p. 51] and USA. 

According to the Eurostat data [5] for year 2012 highest 
passenger maritime traffic in Europe, excluding cruise passengers, 
was recorded in Italy (37.6 mil passengers), followed by Greece 
(35.8 mil), Denmark (30.0 mil), Sweden (28.4 mil), United 
Kingdom (22.6 mil), France (21.6 mil), Germany (20.5 mil), 
Finland (17.7 mil) and Republic of Croatia (13.1 mil). Excluding 
form this data international traffic [6] as well, the highest national 
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(cabotage) passenger maritime traffic in Europe was recorded 
in Greece (34.4 mil passengers), followed by Italy (33.0 mil) and 
Republic of Croatia (12.4 mil). High number of inhabitant islands 
is one of the reasons why these ports have the highest percentage 
of national maritime passenger traffic, i.e. most of the national 
maritime traffic within each of these three countries is between 
mainland and island coastline. 

According to the statistical data of Croatian Ministry of maritime 
affairs, transport and infrastructure in year 2012 over 11 million 
passengers embark and disembark in Croatian ports as part of a 
coastal shipping and nautical tourism industry [7].

3. Maritime passenger liner 
ports in Croatia

There are 94 ports alongside Croatian coast that has at last one 
maritime national liner connection. Out of 94 ports 21 ports are 
located alongside mainland coastline, while 73 ports are located 
along-side island coastline, situated on 43 different islands (see Fig. 
1). These ports are connected with three types of passenger shipping 
lines using Ro/Ro ferries, fast ferries or high-speed crafts (HSC) 
and ferries exclusively intended for passenger transport. Croatian 
coastal maritime transport system covers 56 national lines (27 Ro/
Ro ferries, 16 fast ferries and 13 ferry lines). [cf. 8, p. 65] 

Except on mainland and island ports, ports are divided also 
by the level of their importance in transport and port system of 
the Republic of Croatia, i.e. ports of national, county or local 
importance. Port are categorised according to the size of port 
capacities, size and type of port traffic and connections with 
hinterland. The biggest mainland ports of national importance 
(from north to south) are national ports of Rijeka, Zadar, Šibenik, 
Split, Dubrovnik and Ploče. Ports Zadar, Šibenik and Split are 
Croatian biggest maritime mainland passenger liner ports, while 
core port business of ports Rijeka and port of Ploče for now is 
mainly cargo. In 2013 port of Rijeka was connected with three 
maritime passenger national line, while port of Ploče whit one. 
Port of Dubrovnik on the other hand is oriented more to cruise 
traffic, but also other national ports can provide and are providing 
a service to cruise ships. Other Croatian passenger mainland ports 
as well as all island ports are of county or local importance. Most 
of the islands ports are located within or close to the town centre, 
and so the level of the service provided within or in close vicinity 
to the port area varies according to the size and the offer of the 
town. Also some ports of county and local importance are profiled 
in the direction of cruising, for example port of Korčula. These 
ports can accommodate smaller cruise ships.

Ports with highest number of maritime passenger transport, 
excluding traffic on cruise ships, according to the Eurostat [10] 
for year 2012 in Croatia, were port of Split with traffic of 3.7 mil 
passengers, followed by port of Zadar with 2.1 mil. Excluding 
international traffic as well, port of Split recorded 3.4 mil passengers 
while port of Zadar 2.0 mil. These two ports together encompass for 
almost 50% of total national maritime passenger traffic in Croatia. 
Busiest Croatian cruise port is port of Dubrovnik [11] with annual 
traffic of cruise passengers of almost one mil passenger in 2012 
(950,791 passengers).

 

Fig. 1. Number of passenger ports per county with a minimum of 
one state line in 2011 [9] 

4. Organisation of ports
European Seaport Organization (ESPO) report from 2004 [12] 

has shown that there are multiform types of the port organization 
in Europe, varying from a country to a country and from a port to a 
port and preventing generalization. In most ports the management 
of passenger ports is entrusted to private concessionaries (private 
companies), but also there are cases where management is carried 
out by port authorities1, port operators, port companies, and 
carriers. Also durations of contracts, concessions and authorizations 
varies from one year to 30/40 years, maximum being 100 years. In 
some cases maximum duration is not foreseen by law, i.e. it doesn’t 
exist or is under review.

A number of factors influence the way ports are organized, 
structured and managed, including: the socioeconomic structure 
of a country, historical developments, location of the port, types of 
cargoes handled, etc. According to their characteristics (orientation, 
infrastructure ownership, as well as superstructure and equipment 
ownership, labour management, etc) ports can be classified into 
four main models: 1) the public service port, 2) the tool port, 3) the 
landlord port, and 4) the fully privatized port or private service port 
[13, p. 81].

Organization and management of maritime passenger’s ports, 
in the world, differs as a result of different economical and transport 
characteristics of each port and due to the specifics of each port. 
Management models, most used, can be classified into four main 
models: [14, p. 58; cf. 15, pp. 38-43]

•	national - port is managed by the government, i.e. Marseilles, 
Calais, Rio de Janeiro, Barcelona,

•	city / regional - port is managed by the port city or region. 
Management of these ports is more flexible and more 
suitable to the local characteristics, i.e. Rotterdam, Kobe, 
Oslo, Los Angeles, 

•	autonomous - port is managed by its users, i.e. Trieste, Venice, 
Genoa, Liverpool, 

1 Ports governing body is usually have a referred to as the port author-
ity, port management, or port administration. Port authority is used widely to 
indicate any of these three terms [13]
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•	public private partnership - i.e. Hong Kong, Riga, Coching, 
Long Beach)

•	private – privatisation is often referred as final step of the public 
private partnership, i.e. Felixstowe, Kelang, Southampton, 
Bangkok

In the following chapters organisation of port authorities and 
ports in the Croatia is analysed.

5. Port authorities in Croatia
In Croatia management of maritime public passenger port is 

entrusted to port authorities. Port authorities are established as non-
profit landlord entities for the purpose of management, construction 
and port usage. Establishment, organization and operation of port 
authorities is regulated under Maritime Demesne and Seaports Act2 
[16, 17, 18] while procedures for granting concessions are regulated 
under Concession Act3 [19]4.

There are two types of port authorities in Croatia: port authorities 
of national and county importance. Management of port of national 
importance (national ports of special international economic 
interest) is under the jurisdiction of national port authorities while 
management of ports of county or local importance are under the 
jurisdiction of county port authorities. There are six national port 
authorities and 22 county port authorities. Port infrastructure in 
Croatia is owned by the State, not by the port authorities, or by the 
counties in the case of county ports [16, 17, 18].

5.1 National port authorities

National port authorities are established based on Regulation 
of the Government of the Republic of Croatia (hereinafter: 
Government), i.e. management of the port is under jurisdiction 
of the Ministry of maritime affairs, transport and infrastructure, 
Directorate for maritime and inland navigation, shipping, ports and 
maritime domain, Sector for management of maritime domain, 
port system and concession system. One of the main tasks of this 
sector is supervision and providing guidance for port authorities, 
following the work of the Coastal liner traffic agency, keeping a 
register of concessions to the maritime domain, for concession 
that are provided by the Government, and performs all necessary 
arrangements for concessions to the maritime domain of national 
importance.

National port authorities are statutory public institutions 
responsible for the economic development, management and 
regulation, of ports and terminal facilities within the areas assigned 

2 Maritime Demesne and Seaports Act regulates legal status of maritime 
demesne, establishment of its limits, management and protection of maritime 
demesne, its use and exploitation, classification of maritime ports, port area, 
establishment of port authorities, port activities and their performance, con-
struction and use of port superstructure and infrastructure, as well as the es-
sential issues concerning the order in maritime ports [16, 17, 18]

3 Concession Act regulates the procedures for granting concessions, con-
cession expiry, legal protection in cases of termination benefits and conces-
sions, and other issues related to concessions [19]

4 Role of public private partnership is expected to have important role in 
the future development of ports, especially port infrastructure. Consequently, 
in 2012 Public Private Partnership Act (OG 78/12) was passed. 

to them. They have both administrative and regulatory control 
over operating entities inside the port, and they are entrusted with 
the planning and development of the port infrastructure that 
falls under their jurisdictions. Port planning and development 
projects are generally proposed by port authorities and approved 
by the Government and ultimately by the Parliament [cf. 20]. Port 
authorities are also authorized to directly negotiate with the private 
sector concession agreements with a life span of or less than 30 years, 
otherwise agreements extending beyond 30 years has to be approved 
by the Government, while agreements beyond 50 years by the 
Croatian Parliament. Concession agreement can have a life span up 
to 99 years [16, 17, 18].

Bodies of port authorities are the Governing council and the 
Director. Governing council is composed of four Government 
representatives, one of whom is an employee of the harbor master’s 
office in jurisdiction of which is port authority. They are appointed 
by Government. Other members are representative of the county 
(one member), town/city or municipality (one member) and of the 
employees of all concessionaires that perform activities in port area 
(one member).

This enables state, county and local governments as well as 
economic entities operating within the port to participate in the 
management of the port. This type of organization proved to be 
effective in developed European countries [15]. Spatial area of the 
national port authorities is determined by the Government and may 
cover territory of several municipalities, cities and counties.

Fig. 2. Organizational structure of the port system in Croatia [20]

National port authorities are members of several international 
port associations such as the International Association of Ports and 
Harbours (IAPH) and the International Association of Ports and 
Cities (IACP). There are also members of national port association 
of Croatian Association of port authorities which holds an observer 
member status at ESPO. On regional level, two associations are 
worth mentioning: the North Adriatic Ports Association (NAPA) 
which is comprised of five seaports located in the North Adriatic 
Sea (Ravenna, Venice, Trieste, Koper and Rijeka) which aims at 
promoting the Northern Adriatic route as an alternative to North-
European ports and the MedCruise Association of Mediterranean 
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Cruise Ports which is comprised of a number of cruise ports in the 
Mediterranean, including Dubrovnik and Korcula, Rijeka, Šibenik, 
Split, and Zadar, with the aim of promoting the cruise industry in 
the Mediterranean and its adjoining seas. [20] 

5.2 County port authorities

Adriatic Croatia is divided into seven counties: (I) County of 
Istria, (II) County of Primorje-Gorski kotar, (III) County of Lika-
Senj, (IV) County of Zadar, (V) County of Šibenik-Knin, (VI) County 
of Split-Dalmatia, and (VII) County of Dubrovnik-Neretva. Each 
county under the Maritime Demesne and Seaports Act may consist 
of one or more port authorities within the county borders. County 
port authorities are established by the counties and are responsible for 
managing local and county ports.

Table 1. Total population and land surface area of Adriatic Croatia 
by county [21, 22]

No County
Total 

population
(number)

Land surface
area (km2)

No. of ports
(local+ county) County port authorities

1 County of 
Istria 208,055 2,813 32

1. Port of Poreč authority
2. Pula port authority
3. Rovinj port authority
4. Lučka uprava Umag - 

Novigrad
5. Port of Rabac 

authority

2

County of 
Primorje-
Gorski 
kotar

296,195 3,588 60

1. County port authority 
of Opatija- Lovran-
Mošćenička Draga 

2. Županijska lučka 
uprava Bakar – 
Kraljevica

3. Županijska lučka 
uprava Crikvenica

4. Županijska lučka 
uprava Nov Vinodolski

5. Županijska lučka 
uprava Krk 

6. Županijska lučka 
uprava Cres

7. Županijska lučka 
uprava MaliLošinj

8. Županijska lučka 
uprava Rab

3 County of 
Lika-Senj 50,927 5,353 21 1. Lučka uprava Senj 

2. Lučka uprava Novalja

4 County of 
Zadar 170,017 3,646 54 1. County port authority 

of Zadar

5
County of 
Sibenik-
Knin

109,375 2,984 22 1. Port authority of 
Šibenik-Knin county

6
County of 
Split-
Dalmatia

454,798 4,540 51 1. Lučka uprava Splitsko- 
dalmatinske županije

7
County of 
Dubrovnik-
Neretva

122,568 1,781 80

1. Lučka uprava 
Dubrovačko- 
neretvanske Županije

2. Port Authority Korčula
3. Županijska lučka 

uprava Dubrovnik
4. Županijska lučka 

uprava Vela luka

∑ Adriatic 
Croatia 1,411,935 24,705 320 22

Most populated county of Adriatic Croatia with total population 
in 2011 of 10.61% of total population of Republic of Croatia 
(4,284,889 inhabitants) is County of Split-Dalmatia located in the 
central part of the southern Croatian area and is the second most 
populated county in Republic of Croatia, after City of Zagreb (790,017 
inhabitants). County of Split-Dalmatia has 158,603 inhabitants more 
in comparison to the second most populated county of Adriatic 
Croatia, and fifth most populated county of Republic of Croatia, 
County of Primorje-Gorski kotar which has 6.91% of total population 
of Republic of Croatia. Counties that follow in descending order are: 
County of Istria, County of Zadar, County of Dubrovnik-Neretva, 
County of Sibenik-Knin and County of Lika-Senj. [21]

As mentioned before there are 22 county port authorities 
in Croatia. Bodies of county port authorities are the Governing 
council and the Director. Governing council is composed of one 
employee of the harbour master’s office in jurisdiction of which is 
port authority. He is appointed by Government. Three members 
are appointed by the founder, i.e. county government and one 
member is representative of the employees of all concessionaires 
that perform activities in port area. Spatial area of the county port 
authorities is determined by the county government, with consent 
of the Government, and may cover territory within one county.

Type of port activates in ports of county importance are almost 
the same as in national ports. County port authorities are as well 
as national port authorities statutory public institutions responsible 
for the economic development, management and regulation, of 
ports and terminal facilities within the areas assigned to them. Main 
difference is in the concession life span that county port authority 
can authorize. While national port authority can negotiate with the 
private sector concession agreements with a life span of or less than 
30 years, county port authority can negotiate with the private sector 
concession agreements with a life span of or less than 20 years. [16, 
17, 18, Art 80]

In ports of national importance concessions can be given from 5 
up to 99 years, while concession in county ports can be extended up 
to 30 years, if required by development projects [15].

6. Conclusion
Today main transport role of maritime passenger transport 

is transit between mainland and insular areas as well as transit 
between two cities or two locations within the same city. Europe 
is one of the areas in the world with high percentage of maritime 
passenger traffic. In Europe the highest passenger maritime traffic, 
excluding cruise passengers, in 2012 is recorded in Italy followed 
by Greece, while Croatia was on ninth place. But analysing only 
national (cabotage) passenger maritime traffic Croatia is in third 
place, due to the high number of inhabited islands. Total of 73 ports 
alongside 43 different islands are connected during the whole year 
with at least one maritime passenger national line. Ferry service 
is provided by 56 national lines using Ro/Ro ferries, fast ferries 
or high-speed crafts (HSC) and ferries exclusively intended for 
passenger transport.

In Croatia ports are classified according to their level of 
importance in transport and port system of the Republic of Croatia, 
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i.e. ports of national, county or local importance. Management 
of these ports is entrusted to port authorities. Ports of national 
importance are managed by national port authorities while ports 
of county and local importance are managed by county port 
authorities. Port authorities are established as non-profit landlord 
entities for the purpose of management, construction and port 
usage under the Maritime Demesne and Seaports Act. There are 
six national port authorities and 22 county port authorities. Port 
infrastructure operated by national port authorities is owned by 
the State, not by the port authorities, while in the case of county 
ports it is owned by counties.

National port authorities are authorized to directly negotiate 
with the private sector concession agreements with a life span of or 
less than 30 years, otherwise agreements extending beyond 30 years 
has to be approved by the Government, while agreements beyond 
50 years by the Croatian Parliament. Concession agreement can 
have a life span up to 99 years. County port authorities on the other 
hand are authorized to directly negotiate with the private sector 
concession agreements with a life span of or less than 20 years. 

Landlord model established in Croatian maritime ports 
enables state, county and local governments as well as economic 
entities operating within the port to participate in the management 
of the port.
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ABStRAct
A concept of unifying the communications interface between heterogeneous ITS subsystems was presented in this 
paper. In its first part, it concentrates on causes for and consequences of having heterogeneous networks. Then it 
goes to present methods developed to counteract that phenomenon through the seven layer OSI model and the 
CORBA standard. In latter parts, two data exchange protocols in heterogeneous ITS networks were presented. In the 
context of their limitations, an original concept was developed using a shared database as a universal communication 
interface between different ITS systems.
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1. Introduction
Looking back at the past 20 years of ITS development, there 

have been many obstacles and hindrances hampering integration 
and compatibility of those systems. The most significant barriers 
included the sheer number of different computer buses and 
interfaces used for communication as well as reluctance among 
manufacturers of telematics-based hardware to share information 
gathered by their systems with external terminals. The net 
outcome is those systems have island architecture or operate fed by 
incomplete data. Due to ensuing limitations, ITS administrators 
are left with little choice but to build their systems out of solutions 
proposed by one or several associated manufacturers, since there 
is no other way to assure correct communication between devices 
and subsystems.

General Directorate for National Roads and Motorways, faced 
with increasingly serious issues with implementing the National 
Traffic Management System, decided to introduce an integrated 
data exchange standard. In author’s opinion, this is the right 
initiative to undertake, nevertheless the data exchange interface 

needs to be well conceptualised given ICT technology rapidly 
develops. Otherwise, it could become the bottle-neck of the 
newly implemented system. In effect, the outcome for the entire 
system is worse transmission capability using selected systems, 
limited access to QoS or even complete inability to deliver newly 
introduced services.

In the following part of this paper, the problem of heterogeneous 
ITS networks was presented, including attempted and proven 
solutions using the OSI reference model and the CORBA standard. 
Two data exchange standards for heterogeneous ITS systems were 
presented, one currently being promoted by the EU and the other 
on African continent. In closing parts of the paper, an original 
solution was exhibited of both the interface and data exchange 
without use of superior layer as in the aforementioned standards.

2. Heterogeneous ICT networks
The term heterogeneity is an inherent feature of computer and 

ICT networks. The reason for it is the fact that networks built some 
time ago are no longer capable to keep with modern demands and 
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fail to deliver high data exchange speed and/or are not compatible 
with currently used interfaces, routing/packet switching methods. 
The end result comes difficult to accept but the existing systems 
needs to be shut down and replaced. This is especially challenging 
when the system in question has a critical meaning. Hence new 
installations are fitted alongside still operating old systems, which 
would be far too costly to shut down compared to potential 
benefits. 

2.1 Reasons for heterogeneous networks

The other reason for heterogeneity is the innate need for devices 
of different type and application to communicate (e.g. desktop 
computers, mobile devices, actuators). They are often different class 
coming from different manufacturers, who often compete with one 
another and attempt to seize clients of competitor companies.

The practices whereby a manufacturer tries to lock up its 
customers into loyalty are common knowledge. Switching to a 
different manufacturer often entails issues collaboration and data 
exchange. Ultimately though-from a solely engineering point of 
view-it is rarely the case a solution exists that would solve a difficult 
communication problem in a distributed ICT system and at the 
same time be acceptable from all angles. Similar issues are often 
dealt with by engineers in different ways and attempts to integrate 
are known to lead to heterogeneous networks and systems. 

ITS systems are by default heterogeneous. The number and 
diversity of systems demands from designers of national ITS 
system, to first concentrate on joint and compatible mechanisms 
of data collection and propagation from subsystems. 

2.2. Solving the issue of heterogeneous 
networks by using the OSI reference 
model

In the 80’s, ISO (including the X.200 as recommended by ITU-T) 
introduced OSI RM (Open Systems Interconnection Reference Model), 
an industry wide conceptual model that characterises and standardises 
internal functions of different communication systems. The developed 
and introduced data exchange standard, groups communication 
functions into layers, each of which has a clearly defined function which 
could not overlap with functions of other layers. This model alone is 
responsible for making possible to adapt existing solutions (using OSI 
model) to new kinds of needs and conditions without having to replace 
the entire network infrastructure. Only the module responsible for 
modernised network layer had to be replaced. An important milestone 
was developing the concept of well-known (open) interfaces between 
individual layers of the OSI model. Those interfaces emulate traditional 
hardware interfaces through logical layers, which in practice utilise 
software solutions. 

2.3 CORBA standard

The 90’s of the last century saw particularly rapid progress in 
object-oriented techniques and concepts thus rendering the OSI 
model incapable to guarantee compatibility of built ICT system. 
Object Management Group (OMG) came up with Common 

Object Request Broker Architecture (CORBA) standard which was 
supposed to bring aforesaid issues to an end. Great strength of that 
standard is object-oriented approach to heterogeneous computer 
systems and the fact it displaced data exchange interfaces from 
bottom OSI layers to layers outside of that model. 

In general, CORBA acts as an intermediary, abstract layer above 
the layer where potential data exchange could be taking place.

Objects comprising logical interfaces are described by IDL 
(Interface Definition Language) which is compiled to a transmission-
oriented code. Those objects have their Interoperable Object 
References (IOR). They normally contain components identified 
by its integer code among other IP address, program address, 
information about byte storing convention (big endian, little endian), 
object number, object type etc. IOR addresses are also used in low-
layer data transmission protocols, usually GIOP (General Inter-ORB 
Protocol) or IIOP (Internet Inter-ORB Protocol).

CORBA became a key element in unification of data exchange 
interfaces for ITS networks providing a platform for communication 
between devices and systems from different manufacturers.

3. Attempts to find a common 
interface for ITS systems

In case of heterogeneous ITS systems, hardware actuators 
play a key role. They could come in form of different sensors 
and devices displaying information. Only information feeding 
elements and controllers (e.g. STOP sign controller for vehicles 
exceeding permitted weight) need replacing. 

3.1 Analysis of low-level solutions

ITS systems are often built based on hardware interfaces. Those 
solutions use data buses and communications protocols. Their 
descriptions define type of connection, type of issued signals, data 
coding method as well as possible applications.

Based on readily available literature, the following protocols 
could be listed [according to 3]:

•	Process automation protocols – 47 standards,
•	Industrial control system protocols – 3 standards,
•	Building automation protocols – 17 standards,
•	Power system automation protocols – 4 standards,
•	Automatic meter reading protocols – 6 standards,
•	Automobile / Vehicle protocol buses – 12 standards.

From the viewpoint of ITS applications, the above list of 
standards is indicative of a multitude of solutions arbitrarily 
chosen and approved by manufacturers of systems and devices. 
Commitment of a manufacturer to a given standard may be caused 
by the need to promote proprietary solutions and a making them 
industry standard. Another important discussion to be had is over 
maintaining and developing given interface. Hence a decision was 
made by organisations standardising ITS solutions to walk away 
from low-level hardware solutions and concentrate instead on 
creating a data exchange platform on logical layer level operating 
outside the limitations caused by protocols used by lower OSI 
layers and communication techniques.
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3.2 Solutions dedicated for integrated ITS 
solutions

Affiliated organisations aiming to develop ITS standards 
and systems of communication were successful in bringing to 
the market two “protocols”, American – NTCIP and European – 
Datex2.

NTCIP
Americans have been working on unification of data exchange 

for ITS networks since the beginning of 90’s last century. Efforts to 
standardise data exchange between ITS devices and systems were 
undertaken by a Joint Committee made up of the National Electrical 
Manufacturers Association (NEMA), the American Association of 
State Highway and Transportation Officials (AASHTO), and the 
Institute of Transportation Engineers (ITE).

The result came in form of the NTCIP protocol (National 
Transportation Communications for Intelligent Transportation 
System Protocol). The name, however, is misleading because NTCIP 
is in fact a parent standard designed to assure highest possible 
interoperability and data exchange between traffic control devices 
coming from different manufacturers. Figure 1 shows an overview 
of NTCIP infrastructure. 

Fig. 1. NTCIP architecture  [19]

Note that presented NTCIP architecture uses an abstract 
layer above the highest OSI layer and in that sense this protocol 
is convergent with CORBA. Furthermore the protocol is made up 
of lower levels:

•	NTCIP Information Level,
•	NTCIP Application Level, application, presentation and 

session layer of OSI Model,
•	NTCIP Transport Level, transportation and network layers of 

OSI Model,
•	NTCIP Subnetwork Level, data link and physical layer of OSI 

Model,
•	NTCIP Plant Level.

In order to make NTCIP work, commonly used standards 
developed by IETF, W3C and ISO were implemented. Communication 
is achieved by combining two data streams: user data stream and 

control data stream. The protocol serves a twofold function, one 
of which is device-management centre communication, the other 
concerns communication between ITS centres.

The fact control messages are coded in XML and data 
exchange model is object-oriented on cross-platform level makes 
this protocol a highly flexible form of describing transmitted 
data. In summary, in its current form the NTCIP protocol assures 
inter-operability between telematics-enabled devices and systems 
(including description of NTCIP standards):

•	Traffic lights – NTCIP 1202,
•	Dynamic message signs – NTCIP 1203,
•	Environmental sensor stations – NTCIP 1204,
•	Closed circuit television cameras - NTCIP 1205,
•	Vehicle count stations – NTCIP 1206,
•	Freeway ramp meters – NTCIP 1207,
•	Video switches – NTCIP 1208,
•	Transportation sensor systems – NTCIP 1209,
•	Field master stations for traffic signals – NTCIP 1210,
•	Transit priority at traffic signals – NTCIP 1211,
•	Street lights – NTCIP 1213.

Datex2
Datex2 is a complex standard developed by CEN Technical 

Committee 278, CEN/TC278, (Road Transport and Traffic 
Telematics) [4]. Its function is to assure data exchange in ITS 
networks between traffic surveillance centres and ITS service 
providers. Built feeding off experiences of OMG and CORBA, 
Datex2 utilises object-oriented approach and UML language [12] 
(including that developed by OMG [8]), as a tool to describe the 
architecture of the standard [1]. Mapping the standard in UML 
makes possible to accurately reflect both static structures and 
dynamic which describe different types of interactions. Current 
iteration of the message exchange platform is based on XML 
developed by W3C [18]. Documentation available online includes: 

•	specifications of data model and methodology of object-
oriented modelling in UML,

•	XML schema generation tool + tool guide for automatic XML 
code generation by UML model,

•	and specifications of the cross-platform model.

What is more, the CASE Enterprise Architect tool developed 
by Sparx Systems [7] was described as a tool dedicated-although 
not the only-for modelling dataflow in UML. Figure 2 shows an 
overview of protocol positioning

Fig. 2. Basic flow diagram [4]

The figure, represented in UML Use Case diagram, shows 
an overview of dataflow in an ITS system after introducing the 
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Datex2 protocol. On this very abstract level two main actors were 
introduced interacting with the system, whose communication 
interface is Datex2. The client-in the diagram- denotes an ITS 
information receiver. It could either the end user or another system 
operating in Datex2 communication interface. In principle, it is 
the necessary element facilitating data exchange. There is a general 
assumption that it is able to receive data about traffic intensity and 
data necessary for transit route from the system. The other actor 
is SubscriptionService. The general feeling is it could be either an 
element integrated with the system or an external service. What is 
characteristic for this actor is that it catalogues available services 
and it could operate either on-line or off-line. It it necessary for the 
data exchange system to function correctly.

Despite such general an overview of dataflow, it already 
becomes apparent that Datex2 serves as an intermediary element 
in the dataflow process. On lower levels of interface description, 
one could come across detailed description of logical organization 
represented using classes and relationships between packets and 
classes. 

The latest version of the model 2.2 covers:
•	 Level of service on the network, both in terms of messages for 

specific situations or as an overall status on the network,
•	 Travel times,
•	 Information about all types of incidents and accidents,
•	 Information about closures, blockages and obstructions,
•	 Information about road infrastructure status and road works,
•	 Road weather,
•	 Information about all kinds of traffic related measurements 

(speed, flow, occupancy),
•	 Information about public events with impact on traffic,
•	 Current settings of variable message signs.

As it stands, the standard has been implemented across 
Western Europe, Scandinavia and some parts of Central Europe. 
Among countries where it often being implemented are: Germany, 
Portugal, United Kingdom and Sweden. Poland has not been 
covered as of yet, mostly due to concerns that the standard with its 
enormous potential could be underused and under-utilised.

3.3 Proposed alternative solution

Using one of the aforementioned two protocols as the data 
exchange interface between ITS devices and subsystems could be 
called into question. One of the doubts is the level of abstraction 
where unification of data structure takes place. In both cases, a 
superior layer is used which requires inputs of unified, processed 
data which is then used for purposes of telematic services. Similarly 
in both cases CORBA architecture and XML metalanguage were 
used to facilitate that. The upshot is that data exchange structures 
become highly extensive and thus causing major delays. This might 
weigh down on some services. Especially, when data in question 
needs to be fed in real-time as opposed to be postprocessed. The 
effect sought after by those solutions is that system response-here 
data transmission and response-needs to take no more than the 
predetermined deadline. Delays beyond that allocated timeslot are 
defined by RT systems as an error or system failure. The paper [15] 
attempts to identify criteria for creating data transmission channels 

in ITS systems. Because of the aforementioned, applications of the 
CORBA solutions are very limited because of its “sluggishness”. 

On the other hand, one should bear in mind that majority 
of ITS systems uses one or the other type of database, which 
stores recorded metrics. Figure 4 illustrates an overview of data 
management architecture.

Fig. 4. Architecture of a typical data management system in ITS 
[own study]

The Data_management module is linked to Data_processor 
module hence input data fed by devices could be processed and 
transmitted. The Database component represents any database 
using any technology storing recorded data. The Device component 
represents an actuator or terminal unit either collecting or feeding 
data. In this concept, data circulation is solely internal.

Presented herein solution for unification of data exchange 
protocol without having to introduce an additional superior 
protocol is based on an assumption that all ITS subsystems use 
a shared database. This means that instead of departing from 
OSI reference model, a sixth layer is introduced whose function 
is serving as unified interface for all subsystems. In that sense it 
is fair to say, that a star network is obtained, where the database 
server is the central node.

Fig. 5. Data exchange process participants in proposed solution 
[own study]

Based on Fig. 5 one could assume that the database server is 
inherently isolated.

Fig. 6. Nodes of ITS subsystems connected to data-centric systems 
[own study]
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Two nodes in the deployment diagram represent a remote 
data-centric server and a subsystem with components for 
converting data to format compatible with the shared database. 
The Converter component is responsible for message routing into 
correct query language. The original components architecture 
would change due to reference to remote knowledge assets. Figure 
7 illustrates an extended concept of distributed model

Fig. 7. Modified architecture of a data management system in ITS 
[own study]

The outcome of that approach is that data gathered from 
all systems is stored in one place, which can also operate with 
redundancy and backup all stored data. In case of users with 
limited access management of data stored in database becomes 
particularly important. Data processing in case of data-centric 
solution would definitely improve efficiency and processing 
speeds due to centralisation of this critical to ITS systems asset.

It is estimated that such an interface would be faster and safer 
than Datex2 and NTCIP. 

4. Conclusion 
The issues of connecting devices produced by different 

manufacturers are relatively well known to telecommunications and 
data communications engineers. Attempts to induce commitment 
to proprietary solutions through introduction of original standards 
were in the past a source of problems with data exchange. They 
were overcome to a great extant thanks to standardisation of 
communication interfaces. Despite the fact that majority of ITS 
systems uses hardware-based solutions, it would be a mistake to seek 
out unification of the interface/protocol on this level. Substantiating 
evidence is diversity of transmitted data (data fed by sensors, CCTV 
cameras) and difficulty to pinpoint a protocol/bus which would 
focus long-term attention of standardisation organisations. Because 
of that both Americans and Europeans decided to create solutions 
enabling heterogeneous devices and networks to be compatible with 
each other on level of higher OSI layers. Both NTCIP and Datex2 
fed off and drew on experiences acquired during development 
of CORBA. Both solutions use methodology of object-oriented 
modelling as the right approach to building data exchange and 
storing architecture. Similarities also include the way transport 
layer messages are coded. In both cases the choice was to use the 
XML protocol-a type of metalanguage-which is highly flexible 
when it comes to describing different informational architectures. 
This solution seems the only viable one, as far as nation-wide or 
even international integration is concerned. With regards to a 
single management centre though, it might prove overly costly to 
implement and too burdensome for less complex data structures.

For those-more local-applications a better solution would 
be a data-centric architecture, where a shared database would 
become an interface between heterogeneous systems. The 
access, presentation and loads would be controlled by database 
administrator.
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1. Introduction
Urban collective transport prices fulfill various roles, the urban 

collective transport users and urban collective transport managers 
who set the prices have also different expectations and preferences. 
Getting used to the range of the offered services is also not without 
the impact, being the factor limiting the tariff changes. Prices are 
expected to provide certain level of profit, but at the same time to 
encourage using public transport. Financial means redistribution 
among various social groups, understood here as offering the 
rights to travel with reduced price tickets or free of charge, is also 
important. 

Present, commonly used systems of selling tickets for urban 
transport services, realized basing on paper tickets, are strongly 
limited within the aspect of prices diversification, the possibilities 
shape transport tariffs and the options to collect data concerning 
the services demand and based on that the possibility to manage 
the transport offer. Therefore, in many cities in Poland and abroad 

IT and ICT technologies are more often used in the form of various 
types of electronic payment systems, which are expected to realize 
many functions allowing for more effective tariff management in 
urban transport.

2. Tariff systems in urban 
transport

In Poland and abroad one meets various tariff systems, fulfilling 
the expectations demanded from them to different degrees. In 
urban collective transport zone tariff dominates; it is based on the 
mechanism of the payment being changed in the moment of zone 
border being crossed [1]. Zone borders could be  defined in many 
ways; they may be administrative borders of the cities, districts 
or artificial borders implemented from the perspective of urban 
transport organizer. The advantages of zone tariff include certain 
(to some degree) independence of the payment from the distance 
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combined with relatively simple tariff and the possibility for a 
passenger to calculate the price. The disadvantages include certain 
injustice when the journey starts just before the zone and the way 
a passenger identifies the zone.

Another type of the tariff is the time tariff. There is great analogy 
to the zone tariff, except that the border is understood as some time 
limit after which the price changes. The problem of time tariff is 
the variety of traffic speed for vehicles in different parts of the city, 
which creates the situation when in case of the same line one may 
travel far for the same fee and in case another lines, running for 
example through the city centre, one may travel only for the short 
distance. The third type of the tariff is the distance one, where the 
fee is calculated depending in the covered distance; most often, the 
distance is measured with the number of kilometers. So far, this 
tariff has been mostly used when travelling for greater distance, 
meaning in regional or national transport [2, 3].

The type of the tariff used depends on one hand on the 
expectations, and on the other hand- on technical possibilities 
to use the chosen method of payment differentiation, providing 
efficient ticket distribution systems, respecting the set cost limits 
of ticket selling system, providing ticket accessibility and the ease 
to use tariff systems [3].

Tariff systems in local collective transport, based on paper 
tickets, are combined with the limited possibility to differentiate 
prices and, following that issue, to shape transport tariffs. As 
a consequence, the price management process, which goal is 
to reach certain economic effects, in practice is limited only to 
ticket price increase or decrease. Broadening the discount offer, 
e.g. through trade discounts or via implementing new types of 
tickets, significantly complicates ticket sale in external networks 
and increases distribution costs. Another important limitation of 
the system based on paper tickets is the lack of the possibility to 
collect data concerning service demand and therefore the limited 
possibilities to manage the transport offer [4]. Data concerning 
the demand is collected via field research, based on counting the 
passengers in urban transport vehicles. It requires employing 
relatively big number of observers and research coordinators. They 
are time- and cost-consuming, for example, Municipal Transport 
Union of the Upper Silesian Industrial District (KZK GOP) every 
year spends around 350 thousand PLN to measure it [5]. 

One ought to pay attention to the fact that even data 
concerning the structure of sold paper tickets, combined with 
data concerning the number of passengers on the given lines 
is often not enough to create the precise system of calculations 
among the partners cooperating on urban transport integration, 
such as member municipalities of inter-municipality unions. 
The necessity to create the precise profit calculating system, e.g. 
concerning common tickets, is often a significant barrier for tariff-
ticket integration.

3. The directions of development 
of tariff systems based on 
electronic payment

The payment systems based on electronic cards technology 
offer much greater possibilities as far as price differentiation and 
the charging are concerned, without any burden for passengers, 
as the implemented IT systems are able to monitor many factors 
level themselves, the factors which perhaps constitute the fee that 
is charged for the transport. When creating the starting point to 
determine the future functionality of the tariff system for urban 
collective transport based on electronic payment collection, one 
ought to first pay attention to set the designed system architecture, 
which is usually defined for the time limit of several years. For 
example, for the Silesian Card of Public Services project, the 
leader of which is KZK GOP, it is the period of at least 7 years (it 
includes the implementation and the period of 65 months of the 
project functioning). However, one needs to bear in mind that in 
practice such period will mean several decades, as it is difficult to 
imagine that such important investment will be returned in such 
short time [6].

Moreover, the system should enable to realize much wider range 
of functions and criteria of price differentiation that before, which is 
due to the fact that one of the crucial indicators for payment systems 
based on electronic money is integration of various public transport 
operators and of various branches of collective transport [7]. As a 
result, the system must enable the payments integration where there 
are various tariffs with different fees and fares and with different 
methods of price differentiations. One cannot therefore assume 
total harmonization of tariff systems for all collective transport 
operators who provide their services in the given area, especially in 
big agglomerations and in conurbations. In case of urban transport 
organizers integration with rail operators, it is practically impossible 
to unify the tariffs due to legal aspects- there appear various 
regulations within the area of the rights for travel with reduced price 
tickets and free of charge.

At the same time, implementing IT solutions in other sectors, 
differentiation of the society from the perspective of the income, 
material status and other factors, create the situation when there 
appear various expectations of the service users, which is visible 
through, among others, the expectation to be able to choose the 
tariff. Many various expectations towards the tariff are currently 
articulated: for example, the tickets for short distances, introducing 
tickets for certain number of journeys, implementing the lines 
with increased standard level and therefore using separate tariffs 
for those lines. All those may be influenced by legal regulations 
connected with registry of the rights to travel with discounted 
price tickets and free of charge for various social groups which 
may be connected with funding some of the profits lost due to 
statutory discounts.

Therefore, the architecture of the created system ought to 
provide the possibility to charge the fares in various tariff systems, 
with different range of price differentiation, where choosing certain 
tariff systems will be performed due to higher or lower price level, 
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but also, to some degree, a user will be able to choose between fares 
system. Moreover, during times of the increasing importance of 
ICT tools in client service, when designing the new system, one 
ought to take into consideration the fact that the communication 
among the passengers and the local collective transport provider 
will be realized mainly through the proper internet web-portal and 
through ticket vending machines and punchers in which there will 
be important data and, to some degree, there will be the possibility 
to make decisions for the users of the services concerning price 
systems.

Tariff solutions for payment systems should also motivate the 
service users (both in case of incidental journeys and in case of 
those using urban transport on regular basis) to use the services and 
the check-in - check-out system. Generally speaking, motivating the 
passengers to use check-in - check-out system is mostly realized via 
charging the passengers for the whole journey when they enter the 
vehicle and returning part of the fares if the they were transported 
for shorter distance. It offers the urban transport provider additional 
possibilities, e.g. through the implementation of additional bonuses 
or points which will encourage to use the check-in - check-out 
systems. Using such system is crucial from the perspective of urban 
collective transport offer management: mainly, identifying the parts 
of the routes where vehicles are full or almost empty, identifying 
the profits reached on particular lines, parts of those lines, aligning 
them to particular municipalities and in case of ticket integration, 
for calculations among various organizers, providers and other 
parties functioning within the collective transport system.

Payment for the travel may also be paid in so called electronic 
wallet system, a passenger then does not pay earlier for the 
service package, does not determine tariff or other parameters of 
the payment, but only owns some financial means which will be 
charged for the travel. yet another option of buying certain service 
pack (somewhat similar to present offer of seasonal tickets) which 
require the earlier purchase, defining the price and then using the 
previously bought pack.

4. Designing tariff systems 
functionality in practice

Electronic payment systems used for local collective transport 
are more and more commonly implemented in many cities in 
Poland and abroad. Most often, they are the systems based on 
electronic cards that functions focus on urban collective transport 
services. Some of the solutions used abroad also integrate payments 
for other city services, such as parking fee, within one technology. 
Silesian Card of Public Services, ŚKUP, may be the example of one 
of the most developed such systems. ŚKUP card will enable to 
pay electronically for urban collective transport services and for 
parking, as well as for fees required in city hall and in other urban 
objects, such as museums, sport centres or libraries, in the central 
part of Śląskie voivodeship. 

The basic assumption when designing ŚKUP was to implement 
the electronic payment system based on electronic card, which 
would mainly enable servicing the already existing KZK GOP tariff, 
as well as the tariff of other organizers that are also joining ŚKUP, 

and modifying the present time-zone system through adding many 
functions which have been impossible to add so far. One ought to 
point that ŚKUP is to be implemented as an open system, which 
would allow for widening its use in other agglomeration parts, 
parties and institutions. The particularly important possibility is to 
enable charging via ŚKUP the urban collective transport services 
of other providers, such as Jaworzno, Tychy, or MPK Tarnowskie 
Góry, as well as regional rail service providers.

Providing wide enough functionality of the tariff system, 
especially within the area of defining the discounts, zones or new 
tariffs, is a very important element of ŚKUP for KZK GOP, mainly 
due to great variety of passenger traffic in KZK GOP lines. Some 
of the routes are of typically urban character, characterized by 
high number of service runs and great passenger rotation within 
relatively dense stops. However, considerable part of the routes 
serviced by KZK GOP is of regional journey character. Those are 
the lines connecting the municipalities that are far from each other, 
sometimes with the distance of several kilometers and having only 
few stops, serviced rarely during a day. It is therefore relatively 
uncommon and unique urban transport system, requiring great 
variety of used tariff solutions [8].

Current KZK GOP tariff offer price differentiation due to the zones 
defined with the municipalities borders or with the time of the travel. 
Zones are described within the areas of the cities or municipalities 
(27 municipalities creating KZK GOP, 9 municipalities of MZKP 
Tarnowskie Góry and the municipalities where some of the lines 
serviced by those providers run) and the zone borders are defined 
by administrative borders of the cities/ municipalities; presently there 
exist 21 zone exceptions. Such exception means that crossing the zone 
does not take place when crossing the administrative border of a city/ 
municipality, but in the other, previously set, place [5].

KZK GOP tariff defines three zones within single tickets offer, 
defined by the area of the time of ticket validity [9]: 

•	area of one city or 15 minutes counted form the moment the 
ticket was validated in case the vehicles were changed, 

•	two neighbouring cities or 30 minutes counted form the moment 
the ticket was validated in case the vehicles were changed,

•	and three or more cities, meaning the whole KZK GOP 
network, or 1 hour counted from the moment the ticket was 
validated in case the vehicles were changed. 

Nonetheless, the newly designer system, within the frames the 
tariffs and price lists modules ought to enable price differentiation 
in greater number of the zones, e.g. several tens or even several 
hundred, among others due to the currently functioning common 
ticket of KZK GOP and Koleje Śląskie Sp. z o.o. It is believed 
that there will be also possible to implement other solutions 
within the range of common tickets, for example with Tychy or 
Jaworzno, which should be possible to implement without system 
restrictions. It is due to the fact that within KZK GOP area there 
already function MZK Tychy and PKM Jaworzno Sp. z o.o. lines, 
as well as other tariffs, such as orange tariff implemented by Tychy 
and the rail. Therefore, ŚKUP card is designed to integrate greater 
number of parties that it is currently so. It means that in the new 
system, the tariffs and price lists modules should enable:

•	defining the zone border in various areas, not only according 
to the administrative borders of a city or municipality, e.g. 
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rail transport operators currently sell tickets for zones which 
are not determined by the administrative borders of cities or 
municipalities,

•	defining zone borders as common with time zones,
•	defining greater number of zones that the currently used.

More differentiating criteria are used in case of periodic 
tickets, which apart from the differences concerning the number of 
municipalities are also various depending on the means of transport 
(bus, tram, or bus and tram), validity period (e.g. 24-hour and 48-
hour, 5-, 7-, 14-day, monthly, 2-month, quarterly) or previously 
described route (from point A to point B) in case of a school- 
route ticket. In the ŚKUP system definitions there should exist the 
possibility to differentiate periodic tickets depending on [10]: 

•	any, freely defined number of days (e.g. 47, 60, 72), as well as 
defined in any way time period,

•	time of a day criterion, when a passenger uses transport 
service, e.g. different ticket price may be used beyond rush 
hours, during rush hours or at night with the possibility to 
choose any combination (when the time is to be defined 
freely in the system), 

•	character of a day – working day, weekends, so called long 
weekends, festivals, day without a car, summer or winter 
holiday tickets, semester tickets etc., 

•	the number of services in clearly defined period of time (e.g. 
ticket for 30 days with the possibility to be used up to 60, 75 
or 120 times),

•	means of transport type e.g. bus, tram, trolleybus, train and 
any of the combination of the mentioned,

•	type of a line, e.g. usual line, faster lines, express lines, night 
lines, special lines, such as to the airport, 

•	the route,
•	transport provider, which means that in the system there 

should be the possibility to code many tariffs functioning 
separately for each transport provider, e.g. different tariff for 
KZK GOP, Tychy, Jaworzno, MZKP Tarnowskie Góry, rail 
transport providers etc. together with various combinations 
of the mentioned, e.g. common tickets in different versions.

In the ŚKUP system there was designed the possibility to 
define so called ticket packs, e.g. due to the defined number of 
kilometers in distance tariff, defined number of minutes in time 
tariff, defined number of bus stops in route tariff or in various 
combination of the mentioned, e.g. 3 bus stops in rush hours/ 
beyond rush hours for an OAP for a fast bus/tram/trolleybus/train 
during summer holiday. In the ticket pack there should also be 
available the function to differentiate ticket price because of:

•	social groups, e.g. family tickets, group tickets etc.,
•	age, e.g. children up to 4 years of age,
•	gained rights, e.g. tickets for war veterans, OAPs, students, 

youths, elderly, etc.,
•	other social conditions (honorary blood donors, the 

unemployed looking for a job, etc.).
Moreover, one of the main settings of the ŚKUP system is the 

possibility to shape the discounts freely, due to their type, height, 
validity time and to determine the number of services available 
within the given discount. The statutory and the municipality 
discounts are defined directly in the tariff. In transport services 

organized by KZK GOP there exist 100% and 50% discounts, as 
well as the ones due to certain rights given to the particular group 
of passengers. There exists various level of the discounts with 
particular transport providers and transport organizers due to 
legal regulations. Therefore, in the 20th June 1992 Act concerning 
discounted travels with the public transport means (Journal of 
Laws 2002, no. 175, 1440 as amended) there is the possibility to 
use discounts of 100%, 95%, 93%, 78%, 51%, 49%, 37% depending 
on the group of the people owning the rights to use such. That is 
why in the system there must be coded the algorithm enabling 
automatic calculation of the price of a common ticket for many 
transport providers/ organizers, which will take into account the 
possible various level of discount used by any of them [10]. 

The system should also enable defining special discounts, such 
as for families with many children, honorable blood donors, people 
looking for jobs or tickets connected with various mass events, 
journeys to the theatres, cinemas, concerts, tickets for organized 
groups etc. There ought to also be taken into consideration the 
difference among the discounts made by transport organizer 
(each of the organizers has the right to define their own discounts 
independently) and the discount paid by other parties, for example 
the City Social Assistance Centres might buy the discount for 
people looking for the job, a company may buy it for their workers, 
etc. It corresponds with the expectations to refund the discounts 
from the budgets of the organizations which bought them or 
gave the right to them. Therefore it is important for the system 
to provide the possibility to indentify the lost profits in discounts 
divisions which will or are in use, as well as the list of people 
having the right to the discounted price travel or the number of 
travels with the use of the particular discount.

The crucial functionality of the tariff module working within 
the ŚKUP system was, taken for granted, the possibility to manage 
special offers for passengers, meaning the option to grant special 
right to travel with discounted or free ticket in the described day 
for all passengers, or for some group of them. That is why tariff 
and price list module must allow to freely define the period of the 
special offer validity, the size of the offer, its subject and the group 
of passengers the offer is addressed to.

Moreover, in the system there should be installed the 
possibility to use the special offers that might be valid e.g. only for 
Park & Ride systems or within loyalty cards systems.

Currently, business model of collective transport organizer 
functioning is based on accepting grants from municipalities 
within the areas of which the services are provided. The grants are 
provided according to the formula defined in the Union status. It 
is based on the number of vehicle-kilometer and the number of 
passengers on particular lines. There is no precise, current data 
concerning the number of people from each of passenger groups 
entitled to use discounted fares. There is also no information 
about the final destination of each of the inhabitants and visitors.

The implemented system should allow for detailed calculations 
among collective transport organizer (Fig. 1) and particular 
municipalities that order the services. The main assumption of the 
new tariff system within ŚKUP is supporting check-in - check-
out model of using electronic card both in case of single travels 
and when one travels with a seasonal ticket. A passenger, entering 



Directions of BroaDening the range of tariff systems functionalities in urBan transport

© copyright by pstt , all rights reserved. 201454

collective transport means, must register this fact in the system 
through pressing the card to the reader. Such operation must be 
repeated when leaving the vehicle. The system will collect data 
concerning the transactions realized with the help of electronic 
wallet due to payments for single travel, information concerning 
the type and the number of realized seasonal tickets and the 
number and the structure of the discounts.

Fig. 1. Entry data to build new calculating model for KZK GOP based 
on data from the ŚKUP system [own study]

For each travel there should be available the information 
concerning the distance where a ticket was registered (bought) 
and the place where it was deregistered (preparing to leave the 
vehicle). Such data is enough to present the information about 
the number of passengers in a vehicle in greater detail, especially 
the passengers owning the rights to travel with discounted price 
tickets. At the same time, it is assumed that when using collective 
transport means according to check-in – check-out model there 
will be available the information about the number of passengers 
on particular parts of the line [8].

The build of the tariff system based on the rules for payment 
based on check-in – check-out mechanism will allow for defining 
the profitability of each of the lines and as well as their parts. This 
in turn not only will enable creating more precise calculation 
system, but also it will be an important tool for transport offer 
optimization, offer strengthening where it is most needed and 
lessening where it is not justified socially and economically to 
keep it in its current state.

Implementing ŚKUP system will also significantly change the 
method of communication among the local collective transport 
organizer such as KZK GOP and the passengers. For ŚKUP card 
users, the main channel of such communication will be a client 
web-portal, through which a passenger will have the possibility 
to verify, among others, the ticket price, the journey itinerary, 
the account state of the electronic wallet, to charge the card, buy 
periodic tickets or to check potential discounts available to them.

5. Conclusion
Urban transport services are of mass character and are provided 

for many social groups, which articulate various expectations 
towards the price and the level of its differentiation. At the same 
time, the tariff shape is influenced by the transport offer, as well as 
legal regulations in which there are defined the groups privileged 
to use discounted price or free tickets. It means that the electronic 
payment system must be designed and made in such a way so as 
to be flexible, and so that one may easily change it according to 
the changes of expectations or of legal regulations. The openness 
of such system is also of great value, as the journeys are usually 
performed by many parties/organizers, and at the same time, 
passengers expect common tickets and even greater integration.

Electronic payment systems based on electronic cards 
constitute an important IT tool, supporting the process of shaping 
the prices and of transport offer optimization. Greater possibilities 
when it comes to price differentiation, discount defining or special 
offer managing means more effectively run tariff policy, which 
is obviously an important tool to increase competitiveness and 
attractiveness of the urban collective transport.
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1. Introduction
During last session of the Sub-Committee on Safety of Navigation 

of the International Maritime Organisation (IMO) in September 
2013, Secretary General of this organisation informed that shipping 
industry is waiting for some practical recommendations regarding 
e-navigation and principle of its introducing and asked for 
ending the discussion on e-navigation conception and its strategy 
implementation plan. Corresponding to the request of the Secretary, 
correspondence group on e-navigation prepared a report ending 
stage of development objectives for the e-navigation and presenting 
a plan for its implementation [1].

Paper presents history of e-navigation and state of works on its 
development conducted by two IMO Sub-Committees on Safety 
of Navigation (NAV) and Radio-communication and Search and 
Rescue (COMSAR) at the beginning of 2014 and author’s remarks 
regarding possibility of realisation of these shipping industry 
expectations in near future.

2. E-Navigation history
The first proposal on development of an e-navigation concept 

was submitted to the Maritime Safety Committee (MSC) of the 
International Maritime Organisation (IMO) by Japan, Marshall 
Island, the Netherlands, Norway, Singapore, the United Kingdom 
and the United States after an initiative from the United Kingdom 
in May 2006 in document signed MSC 81/23/10. The co-sponsors 
of this document proposed to add a new item named “e-navigation” 
to the work programme of the Sub-Committee on Safety of 
Navigation (NAV) and on Radio-communications and Search 
and Rescue (COMSAR). The main task of this item should be the 
development of strategic vision for the utilization of existing and 
new navigational and radio communication tools, in particular 
electronic tools, in a holistic and systematic manner in order to 
reduce number of navigational accidents, errors and failures by 
developing standards for an accurate and cost effective system that 
would make a major contribution to the IMO’s agenda of “safe, 
secure and efficient shipping on clean oceans”. Co-sponsors of 
this document considered that there is a clear need to equip ships’ 
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crew and persons responsible for the safety of shipping ashore with 
modern tools to make marine navigation and communication more 
reliable and safety. In addition, to reduce navigational errors and 
failures, these tools shall deliver benefits in areas such as search and 
rescue, pollution incident response, security and the protection of 
critical marine resources, such as fishing grounds. They can also offer 
operational benefits by enabling the capture of advance information 
on cargo arrival and increased throughput capacity in congested ports, 
fairways, and waterways, or in poor visibility conditions. However, if 
such technological advancement remains uncoordinated, there is a 
risk that the future development of the global shipping industry will 
be hampered through lack of standardization on board and ashore, 
incompatibility between vessels, and an increased and unnecessary 
level of complexity. As the key structural components of e-navigation 
policy were defined [1], [2]:

1. Accurate, comprehensive and up-to-date electronic navigatio-
nal charts (ENC) covering the entire geographical area of a 
vessel’s operation.

2. Accurate and reliable electronic positioning signals, with “fail-
-safe” performance, probably provided through multiple redun-
dancy, e.g. on board receivers of different satellite and terrestrial 
radio navigational systems or inertial navigation devices.

3. Provision of information on vessel route, course, manoeu-
vring parameters and other status items (hydrographic data, 
ship identification data, passenger details, cargo type, security 
status, etc.), in electronic format.

4. Transmission of positional and navigational information: ship-
-to-shore, shore-to-ship (e.g. by vessel traffic services (VTS), 
coastguard centres, hydrographic offices) and ship-to-ship.

5. Accurate, clear, integrated, user friendly display of the above 
mentioned information on board and ashore (e.g. using integra-
ted bridge system (IBS) or integrated navigation system (INS).

6. Information prioritization and alert capability in risk situ-
ations (collision, grounding, etc.), both on board and ashore.

7. Reliable transmission of distress alerts and maritime safety in-
formation (MSI) with reduction of current GMDSS require-
ments by utilizing newly emerged communication technologies.
Proposed new work programme item shall comprise a wide 

range of issues, extending beyond what is already being done at 
IMO, including [2]:

1. Increasing the production, coverage and interfaces of ENCs; 
as well as accelerating the distribution and promotion of com-
mercially viable and globally accepted protocols for ENC pro-
duction and updating.

2. Agreeing standardized controls and common performance 
standards of bridge e-navigation systems, including the con-
sideration of such issues as what information needs to be cap-
tured, how it should be displayed, how it should be laid out 
and what should be shared with other vessels and shore-based 
navigation support centres.

3. Agreeing protocols to provide more information to professional 
and authorized users, whilst preventing unauthorized access to, 
dissemination of, or intervention in safety or security-critical, 
real-time data transmissions.

4. Developing a shared understanding of the potential benefits 
and mechanics of shore support and oversight, leading to the 

design and implementation of shore-based marine e-navigation 
support centres covering coastal and, potentially, international 
waters.

5. Setting out an orderly and safe migration plan for e-navigation 
which takes into account the future role of existing navigatio-
nal tools, in different locations and situations.
MSC 81 decided to include in the work programmes of 

the NAV and COMSAR Sub-Committees a high-priority item 
on “Development of an e-navigation strategy”, with a target 
completion date of 2008, and assigned the NAV Sub-Committee 
as coordinator. Sub-Committee on Safety of Navigation on its 52 
session considered item, outlining Japan’s approach to e-navigation 
and, to progress the work before next session, established an 
intersessional correspondence group on e-navigation. Group was 
later re-established after each session of the Sub-Committee, the 
last time in 2013. At the beginning, its work was coordinated by 
the United Kingdom, later by Norway. Representatives of 44 IMO 
member states including Poland and 24 international organisations 
and associations participated in the work of the correspondence 
group in 2013.

Prepared by the correspondence group definition, architecture 
and strategy of the implementation of e-navigation have been 
accepted during the consecutive sessions of the Maritime Safety 
Committee (MSC). MSC accepted inter alia proposals regarding:

1. Key elements for e-navigation defined on the base of user needs.
2. E-navigation architecture.
3. Developing a Common Maritime Data Structure (CMDS).
4. The use of the IHO’s S-100 standard as the baseline for cre-

ating a framework for data access and services under the scope 
of the International Convention for the Safety of Life at Sea 
(SOLAS).

5. Potential e-navigation solutions defined on the base of identi-
fied user needs and gap analysis conducted taking into account 
the Human Element Analysing Process (HEAP).
According to the approved strategy, the key elements for 

e-navigation include [3]:
6. Architecture.
1. Human element.
2. Conventions and standards.
3. Position fixing.
4. Communication technology an information systems.
5. Electronic navigation charts (ENCs).
6. Equipment standardization.
7. Scalability.

Following tasks were listed as potential e-navigation solutions 
defined on the base of identified user needs and gap analysis [3]:

•	S1 Improved, harmonized and user-friendly bridge design;
•	S2 Means for standardized and automated reporting;
•	S3 Improved reliability, resilience and integrity of bridge 

equipment and navigation information;
•	S4 Integration and presentation of available information in 

graphical displays received via communication equipment;
•	S5 Information management;
•	S6 Improved access to relevant information for search and 

rescue;
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•	S7  Improved reliability, resilience and integrity of bridge equipment 
and navigation information for shore-based users;

•	S8  Improved and harmonized shore-based systems and services; 
•	S9  Improved communication of VTS service portfolio.

Five prioritized solutions numbered as S1, S2, S3, S4 and S9 
were selected from the above mentioned list after formal safety 
assessment (FSA) conducted using two criteria [4]: 

•	Seamless transfer of data between various equipment on board; 
•	Seamless transfer of electronic information/data between ship 

and shore and vice versa and between ship to ship and shore 
to shore.

As part of the FSA, the following Risk Control Options (RCOs) 
were identified which provided effective risk reduction in a cost-
effective manner [3]:

•	RCO 1  Integration of navigation information and equipment 
including improved software quality assurance;

•	RCO 2  Bridge alert management;
•	RCO 3  Standardized mode(s) for navigation equipment;
•	RCO 4  Automated and standardized ship-shore reporting;
•	RCO 5  Improved reliability and resilience of on board PNT 

systems;
•	RCO 6  Improved shore-based services; and
•	RCO 7  Bridge and workstation layout standardization.

In order to harmonize and standardize, shore based services 
rendered for ships under different situations and/or locations were 
grouped and described as Maritime Service Portfolios (MSPs). 
NAV Sub-Committee noted the following preliminary list of 
(MSPs) in 2013 [5]:

•	(MSP 1) VTS information service (IS); 
•	(MSP 2) VTS navigation assistance service (NAS); 
•	(MSP 3) VTS traffic organization service (TOS); 
•	(MSP 4) Local port service (LPS); 
•	(MSP 5) Maritime safety information (MSI) service; 
•	(MSP 6) Pilotage service; 
•	(MSP 7) Tugs service; 
•	(MSP 8) Vessel shore reporting; 
•	(MSP 9) Telemedical maritime assistance service (TMAS); 
•	(MSP 10) Maritime assistance service (MAS); 
•	(MSP 11) Nautical chart service; 
•	(MSP 12) Nautical publications service; 
•	(MSP 13) Ice navigation service; 
•	(MSP 14) Meteorological information service; 
•	(MSP 15) Real-time hydrographic and environmental  

 information services; and 
•	(MSP 16) Search and rescue (SAR) service. 

It was also agreed that MSPs should consider operations in the 
following areas [5]: 

•	Port areas and approaches; 
•	Coastal waters and confined or restricted areas; 
•	Open sea and ocean areas; 
•	Areas with offshore and/or infrastructure developments
•	Polar areas; and 
•	Other remote areas. 

In 2013 IMO changed the number and structure of the 
MSC sub-committees and combined Subcommittees on Safety 
of Navigation (NAV) and Radio-Communication and Search 

and Rescue (COMSAR) in one Subcommittee on Navigation, 
Communication and Search and Rescue (NCSR). As a result of 
this decision correspondence group on e-navigation established 
by the NAV Subcommittee completed the work and its report 
submitted to the first session of the NCSR Subcommittee in 2014 
should be considered as a final document.

Results of the work of the correspondence group and views of the 
Polish representatives on the conception and scope of e-navigation 
determined at various stages of the work of the group are presented 
in the publications listed in the bibliography [6], [7], [8], [9], [10], 
[11], [12], [13], [14], [15], [16] and [17]. 

3. Current state of development 
of e-navigation system

Intersessional correspondence group on e-navigation confirmed 
in its report submitted to the first session of the NCSR Sub-
Committee in 2014 all solutions regarding e-navigation, inter alia 
its architecture, development and implementation accepted by 
Maritime Safety Committee (MSC) earlier and described in chapter 
2. Corresponding to the request of the IMO Secretary General group 
suggested that five prioritized solutions (S1, S2, S3, S4 and S9) shall be 
implemented in time period 2015-2019. Proposed time schedule of 
their implementation and detailed description of required regulatory 
framework and technical requirements are presented in the annex to 
this report [1]. 

Fig. 1 presents e-navigation architecture accepted at this stage 
of work [1]. Norway - coordinator of the correspondence group 
prepared additionally:

1. Text of four guidelines requested by the Sub-Committee on 
Safety of Navigation [18]:
•	Guideline on human centred design (HCD) for navigational 

equipment and systems;
•	Guideline on Usability Testing, Evaluation and Assessment 

(U-TEA) of e-navigation systems;
•	Guideline for software quality assurance (SQA) in e-naviga-

tion; 
•	Guideline for the harmonization of test-bed reporting.

2. List of standards that could be evaluated for e-navigation [19].
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HCD guideline cites ISO standards series 9241 and presents 
basic information on how to apply the principles of HCD for 
the effective design of new and modified e-navigation systems. 
The aim is to ensure that for each stakeholder, users’ and tasks 
requirements are considered in the design process to the greatest 
possible extent. The requirements are goal-based. Fundamental 
is collection of user feedback through systematic and formalized 
usability testing, evaluation and analysis (U-TEA).

Poor usability of the navigational and communication 
equipment and systems reduces performance and may threaten 
safety of navigation. Therefore, accepted common methods and 
techniques for testing, evaluation and assessment of e-navigation 
systems usability are needed. Guideline for the Usability Testing, 
Evaluation and Assessment (U-TEA) provides information on this 
subject and replays Guideline on usability evaluation of navigational 
equipment suggested by the NAV Sub-Committee.

Software quality assurance (SQA) guideline bases on several 
existing international regulations and standards of the International 
Organisation for Standardisation (ISO) and International 
Electrotechnical Commission (IEC) related to software and data 
quality and applicable to e-navigation systems. The main goal of 
the guidance is to ensure that software requirements from relevant 
regulations, applicable standards, and from stakeholders are fulfilled 
throughout the life cycle of an e-navigation system and the life cycle 
of any related data used within software. It should be used as a basis 
for development of e-navigation related software understood as:

•	Software as a system; 
•	Software as a component of an e-navigation system or equipment; 
•	Software to impact on an e-navigation system or equipment;  
•	Any other software related to e-navigation. 

The guideline is general in nature and is not intended to provide 
specific quality assurance requirements for individual e-navigation 
software systems.

Last guidance describes principles of harmonization of 
e-navigation systems tests and trials and reporting of their results.

E-navigation system will integrate ship’s bridge equipment and 
introduce digital communication between ships and ships and 
coastal station.  Due to that existing IMO, IEC and ISO standards 
for equipment and systems required by chapters III, IV V and XI 
of the SOLAS Convention shall be taken into account during its 
development. Some of them may require be updating and modifying.

Submitted by Norway list of standards that could be evaluated 
for e-navigation contains numbers and titles of relevant IMO 
resolutions and circulars and IEC and ISO standards.

Radio communication is a key for e-navigation. Any 
communication systems used for e-navigation purposes must be 
able to deliver appropriate MSPs. Existing communication systems 
may be divided into those [1]: 

•	Used for distress and safety-related communications such as 
for the promulgation of maritime safety information (MSI), 
as is currently mandated by GMDSS, and AIS; and 

•	Commercially available systems, such as various satellite 
solutions (e.g., Inmarsat, Iridium and VSAT) as well as terrestrial 
telephone and data networks, such as GSM /3G/4G. 

Future communication systems may include VHF data (VDES) 
and NAVDAT and be developed for internet based solutions, 

such as a maritime cloud, facilitating system wide information 
management solutions. Existing and future communication links 
could be integrated via a maritime intranet. This infrastructure 
will primarily be based on IP communications links but will enable 
the utilization of free links for safety and mandatory reporting 
where appropriate, enabling a seamless integration and transition 
between available communications technologies [1].

An interesting proposal to solve the problem of communication 
in e-navigation is presented in the document submitted to the first 
session of the NCSR Sub-Committee by the Republic of Korea and 
will be discussed this year probably [20].

4. Conclusion
According to the definition elaborated by the correspondence 

working group on the basis of definition proposed by the 
International Association of Marine Aids to Navigation and 
Lighthouse Authorities (IALA) and accepted by IMO, e-navigation 
means “harmonized collection, integration, exchange, 
presentation and analysis of marine information on board and 
ashore by electronic means to enhance berth to berth navigation 
and related services for safety and security at sea and protection of 
the marine environment”. Significant development in technology 
within navigation and communication systems was observed 
in last decades. At the same time it has been identified that the 
human element, administrative burden, information overload and 
ergonomics questions are prominent concerns. It is expected, that 
e-navigation will provide digital information and infrastructure 
for the benefit of maritime safety, security and protection of the 
environment, reducing the administrative, human and language 
burdens and increasing the efficiency of maritime trade and 
transport. Mentioned concerns cause necessity of application of 
good ergonomic principles in a well-structured human machine 
interface as part of the e-navigation strategy.

The e-navigation strategy implementation plan (SIP) attached to 
the report of intersessional correspondence group on e-navigation 
to the first session of the NCSR Sub-Committee presents a list of 
tasks and specific timelines for the implementation of prioritized 
e-navigation solutions during the period 2015-2019. Particular tasks 
are described in detailed manner. They should, when completed 
in this time period, provide the industry with the harmonized 
information, in order to start designing products and services to 
meet the e-navigation solutions.

Introducing of e-navigation system may change in considerable 
manner methods of collecting, dissemination and presentation 
of marine data and information, mainly MSI and technical 
devices used for this purpose. Ship to shore communication 
will be simplified due to the establishing single point of contact 
(one window concept) and introducing digital data transmission 
instead of voice reports in much wider range of communication. 
Presentation of digital information on integrated display units will 
enable utilization of the automatic advisory systems on ships and 
ashore. This will help to increase the level of safety and security of 
navigation and protection of the marine environment.
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In my opinion, discussed in this paper report of the 
correspondence group on e-navigation re-established during last, 
59 session of the NAV Sub-Committee and submitted to the first 
session of the NCSR Sub-Committee completed not only the work 
of this group but, at the same time, the phase of the development 
of an e-navigation strategy implementation plan. 
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