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ABSTRACT
Existing defi nitions for sustainable intelligent transport may vary and promote one particular dimension such as 
the environment (green transport), society (mass transport) or the economic dimension (eff ective and competitive 
transport). However, the sustainable intelligent transport is generally aimed at balancing the economic, social 
and environmental dimensions of the sector in an integrated manner to ensure synergies, complementarities, 
and coherence. Th e sustainable intelligent transport systems require, among other following features: the ability 
to provide safe means of transport socially inclusive, aff ordable, reliable, aff ordable and fuel/ energy effi  cient, 
environmentally friendly, low-carbon and resilient to shocks and disturbances, including those caused by climate 
change and natural disasters. Th e three basic pillars of a sustainable transport system include economic, social and 
environmental aspects related to technology. Th e subject of the paper is the concept of the sustainable intelligent 
transport system on the Iraq example.

KEYWORDS:  intelligent transport system, telematics, sustainable growth 

1. Introduction 

Asia and the Pacifi c are becoming increasingly urbanizing, a 
trend that is refl ected in many countries of the developing world. 
Th e share of the urban population from its current level in Asia is 
expected to grow from 48% to 64% by 2050. Long-term economic 
prospects show that prosperity among urban dwellers will also grow, 
so the demand for public and individual transport increases. Th us, 
car ownership is likely to continue to rise rapidly. Iraq alone received 
10 million new vehicles in 2015. As a result, road traffi  c congestion 
can be expected to be more complex, further exacerbating the high 
negative environmental, social and economic impacts. Fig. 1 shows 
the crossing of the social, environmental and economic dimensions 
of sustainable outgrowth [1].

Information and communications technology can mitigate 
these impacts. Th e applications of communication and information 
technology in the transportation sector have led to the development 
of so-called “Intelligent Transport Systems” (ITS). Intelligent 

Transport Systems enhance the competence of safety and traffi  c, 
with positive results for sustainable development.

Fig. 1. The three poles of transport system sustainability [1]

ITS are becoming increasingly suited to the special needs of 
Iraq, and recent developments in information technology and 
communications such as the analytical capacity provided by open 
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and large data increase the likelihood of designing a system of ITS 
in developing countries (for example in Iraq) [2]. 

“Telematics” is a relatively hot term which is a generic word 
for systems and protocols that cover the transfer of protracted 
distances from computerized information. Information technology 
(often called Intelligent Transport systems) supplies a wide “toolkit” 
of audio/electronic device that transport planners can be used to 
instrument their transfer objectives. This includes in its broader 
context, system software, hardware, operating protocols, and 
communications. However, there are human and organizational 
interfaces and relationships that want to be put in place to fulfill 
sustainable transport systems and sustainable that we wish [3].

In both developing and developed countries within a few decades, 
urban areas around the world, have become less sustainable and more 
vehicle-dominated. Particularly in Iraq, cities are rapidly developing 
skills in transport and congestion challenges, including pollution and 
the deterioration public transport, climate change, environmental 
degradation, optical intervention, lack of access to the urban poor and 
energy depletion. In some of the more developed countries, northern 
Europe particularly, some cities have seen tendency to restore urban 
areas of automobiles and to block and/or otherwise confine cars from 
key parts of the downtown area. Such areas are oftentimes seen as 
pioneering instances of sustainable urban outgrowth, as cities around 
the universe seek to achieve the standards urban sustainability 
through the improvement of public transport, the promotion of 
non-motorized roads, the establishment of pedestrian zones and 
the reduction of the use of private vehicles in try to regress cities 
transformation happened because of cars dominance [4].

The paper reviews the extent to which intelligent transport 
system applications are linked to transport facilitation from a 
sustainable development perspective.

2. Issues and strategy

This part concentrates on the issue “What is now imaginable 
is the use of information technologies and any of these 
implementations can contribute in a cost-successful way to 
the specific elements of the local transport plan strategy?” The 
local transport plan recognizes a number of issues that must be 
addressed in the gross strategy; These elements are gathered into 
our main strategy elements, Table 1.

Table 1. Problems should be addressed under the overall strategy [3]

Strategy Description Telematics contribution
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The legacy of previous car-
driven transport policies is that 
the layouts and traffic levels on 
many roads the streets prevent 
their use by vulnerable modes, 
thus pushing many people to 
pay when they prefer not to.

It can help improve the safety 
and comfort of pedestrians and 

cyclists through:
• Allow new crossings of a 
pelican, puffin, and toucan.

• Modification of traffic signal 
facilities, including pedestrian 

and cycling phases and 
crossings. 

• Provision of all pedestrian 
crossings controlled by 

additional infantry facilities 
with physical and/or sensory 

impairment.
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Systems should be able 
to integrate with other 

communication systems, to 
transfer information to the 

home, workplaces, transport 
exchanges, public buildings, 
and shopping malls. Central 

government support for 
integration provides an 

opportunity, in conjunction 
with operators, to promote 

and introduce integrated ticket 
systems.

For public transport users, it 
can help to provide integrated 

tickets using smart card 
technology, rail and bus 

concessions, and improve public 
transport information.
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There are opportunities to 
reallocate the road space 

to provide priority for 
walking, cycling, and public 

transportation through:
• Install bus priority in urban 

traffic control (UTC) and 
isolated traffic signals sites.

• Provide priority of emergency 
vehicle (Green Wave) in UTC 

and non-UTC sites.
• Implementation of pedestrian 

priority access control 
schemes in city centers.
• operation of buses 
responding to demand

• use of bus enforcement 
systems (e.g. “guardianship” 

system).

Information technologies 
provide the greatest 

opportunity to stabilize at 
least, but hopefully reduce the 
maintenance burden. Specific 

areas include:
• Data Connections

• Electricity (developments in 
optical technology and hand-

held energy)
• Specifications of urban traffic 

management and control 
systems (UTMC).
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Demand-driven bus services 
can be expanded and further 

improved by speeding up 
response times by passing 
through rural villages and 

reducing the impact of trucks in 
rural areas.

New developments in 
information technology provide 

an opportunity to develop 
some appropriate solutions 

for rural areas with dispersed 
populations and diverse travel 

patterns
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One option is to allow bus lanes 
to be used for cargo traffic at 
certain times of the day. The 
implementation of bus lanes 
enforcement cameras such as 
the “guardian” system can be 
developed more to give the 

“Selected car priority”.

It “will provide the value of 
the ability to handle different 

categories of the vehicle.

The telematics strategy is based on the provision of tools that 
can be used in the implementation phase to achieve lot targets and 
measure performance against the objectives of the local transport 
plan. Some information technology applications have been used 
until recently to make life easier for private motorists and maximize 
composite productivity in crowded urban areas. This information 
technology strategy will revise the outlook and priorities that serve 
public transport, transport safety, air quality and noise reduction. It 
will  start  to  develop  traffic  tuning  applications.  Current traffic 
management applications will be reviewed to ensure that they 
support the objectives of the local transport plan and do not 
inadvertently generate a traffic demand. There are five main elements 
of the strategy [5]:

1. Transport and travel information.
2. Route directions.
3. Manage and control traffic.
4. Monitoring and control.
5. Enforcement.

It is clear that the launch of the telematics program can be seen as 
interference with personal privacy and civil and confidential freedom. 
It is suggested that these issues be treated with the greatest respect and 
sensitivity and be subject to careful public debate and scrutiny.
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The telematics tools fund consists of equipment, techniques, 
and methodologies that can contribute to the successful integration 
of all the strategies of the subject. Table 2 sets out the key elements 
of this strategy and how it relates to the full program of thematic 
strategies.

Table 2. Communication between telematics and other topic 

strategies [6]

Other topic 

strategies

Topic strategies

Information Guidance Control Monitoring Enforcement

Bridge 
management

* * * * *

Highway 
maintenance

* * *

Passenger 
transport

* * * *

Road safety * * *

Traffic 
management

* * * *

Speed 
management

* * *

School travel * *

Walking * * *

Cycling * * *

Travel 
awareness

* *

Parking * * * * *

3. Traffic information system 
in Iraq

Establishment of the National Traffic Information System 
NTIS is necessary to achieve a significant reduction in the rate 
of traffic accidents. The main objective is to ensure the most 
time and regional extent of road network traffic and improve 
safety and traffic flow through a reliable, functional, efficient and 
secure road transport system [5, 7]. National Traffic Information 
System: a complex system environment for collecting, processing, 
exchanging, disseminating and distributing traffic data and traffic 
information on:

1. Present traffic state on the road network.
2. Road network, component and equipment intelligence.
3. Environment for the management and process of systems and 

applications on traffic information and traffic for a standardized 
geographical model of the road network.

The main objectives are to provide the road network service; to 
increase the continuity of road traffic and safety, and to minimize 
road traffic negative impacts. Ensuring road network traffic 
means that traffic data and traffic information are constantly 
updated for all phenomena or events that are, restricted passage 
or negotiability of the network in some areas or departments, 
directly or indirectly affecting the safety or continuity of the road 
traffic. It is important to provide the areas of the national traffic 
Information system: generating and collecting information, ITS 
from large concentrations, and it’s from major roads. The National 

traffic information system has many of the benefits it needs in 
Iraq. We can categorize it to the general benefits, which are [8]: 

1. Traffic accidents reduction and their consequences.
2. Road safety global increasing.
3. Low road users delays, travel time reduction and traffic fluency 

increasing.
4. Direct impact on the road user behaviors, and encouragement 

for responsibility.
5. Supporting the efficient diffusion of information technologies, 

information and communication systems and remote information 
systems in the transport sector.

6. Establishment of international, national, regional and local 
interoperability in the field of information and data on traffic, 
exchange information on the present status of the movement, 
traffic control, sharing of road network information and so on.

7. Conditions establishment for enhance traffic and for the 
development of the Iraqi road network.

4. Sustainable transportation 
in Iraq

Many researchers, institutes, and government organizations 
are working to reduce traffic congestion and build a sustainable 
transport system around the world. The common finding of this 
problem is that resources cannot continue to be consumed at 
current rates and that time is limited to action. These findings lead 
to the idea of implementing sustainable development processes in 
transport systems.

The definition of sustainable development “in the United Nations 
report in 1987” was “Generating development that applies the needs 
of the present without compromising the future generations’ ability 
to satisfy their own needs “. This transport systems definition can be 
reformulated to ensure that future generations need mobility and 
transport will not be jeopardized. Researchers, governors, decision 
makers and so on are still working to build a sustainable world and 
sustainable transport systems, but the results of these efforts do not 
indicate significant improvements [9]. 

The concept of sustainable development is not straightforward, 
as it has different indicators. For example, transport impacts on 
fossil fuel reserves (oil), the global atmosphere and air quality local, 
noise contamination, mobility, congestion rate and mortality rates 
(deaths and failures).

The world has used nearly a trillion barrels of oil [9]. This fact can 
shed light on the very severity of this problem. Given the increasing 
rate of population growth and the number of vehicles on the road, 
the question is whether the oil reserves will be able to meet the needs 
of future generations or not. Congestion and the level of mobility are 
directly affected by the increased tendency of the car to travel and a 
number of vehicles. Today, in most urban areas, traffic congestion is 
one of the main concerns of the population. Even local government 
agencies invest huge sums of money to expand roads and reduce 
congestion; however, the results of these investments do not indicate 
significant benefits, as current roads cannot be extended indefinitely. 
In addition, congestion is the main cause of low urban air quality, due 
to vehicle emissions.
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Transport is one of the main factors infl uencing air quality and 
signifi cantly aff ects the global atmosphere.  

4.1. Transport and environment  

An eff ective transport sector is important for the well-being of 
people and economic development. However, transport activities 
can generate diff erent negative environmental impacts.

Urban air quality data are an example of the extreme transport 
impact on the environment. Transport is the main cause of 
air pollution in which atmospheric exposure to chemicals and 
compounds physical or biological damage to human beings and 
organisms, or cause damage to the natural environment [10]. Th ere 
are main contaminants like plants, volcanoes, and exhausts. Auto and 
other, secondary contaminants that have no direct eff ect. Pollution 
begins to increase natural concentrations of such materials (NOx, 
SOx, carbon monoxide, hydrocarbons, etc.), where these substances 
are ordinarily found in low quantities in the ambience but when 
the damage caused to the environment and humans increases [11].  
Today air pollution is an essential problem related to governments, 
scientists, and people that have a direct impact especially in urban 
areas, land transport is known to play a signifi cant role in pollution, 
causing public health problems [12].

Table 3 illustrates the magnitude of pollution in the Arab region, 
where there is oft en a great deal of interest in global pollution 
standards and found, causing pollution in multiple sources, but 
oft en by transport (HC and CO). 

Table 3. The Arab States and the Middle East and North Africa 

region have estimated pollution loads (1,000 tons) in key 

sectors [10].

NOx SO2 TSP HC CO

Power 1000 (34%) 1600 (39%) 200 (17%) 50 (>1%) 150 (>1%)

Refi neries 80 (>5%) 1100 (27%) 50 (>5 %) 300 (10%) 10 (>1%)

Cement / 
steel 300 (10%) 150 (>5%) 600 (50 %)

Road 
transport 1100 (37%) 200 (5%) 120 (10%) 3000 

(<80%)
16000 
(<90%)

Residential 100 (>5%) 300 (7%) 100 (8%) 10 (<1%) 20 (>1%)

Industry* 400 (13%) 750 (18%) 120 (10 %) 30 (>1%) 50 (>1%)

Completely 
industry 780 (26%) 2000 (49%) 770 (65 %) 330 (10%) 60 (>1%)

(*) other than references, metal smelters, and cement/steel.

Fig. 2 shows the output of pollution due to transport in Iraq 
and the increased focusing of CO2 in air from 1971 to 2013, which 
represents less than 2.44 in 1971 and increase of 34.22 in 2013. 
Th is is due to the increase in population that has caused increased 
transport, which relies mainly on road traffi  c.

Poor air quality not only threatens human life but also aff ects 
the lives of all species on the planet. In addition, emissions and the 
global average temperature are increasing because the compounds 
burn fossil fuels. Finally, traffi  c accidents are another issue that 
should be included as part of sustainable development.

Fig. 2. Emissions of carbon dioxide in Iraq from transport [13] 

Th e Iraqi Ministry of Health is monitoring possible routine 
injuries in eight of Iraqi governorates: Baghdad, Karbala, Maysan, 
Basrah, Al-Anbar , Erbil, Sulaymaniyah, and Ninewa by collecting 
information on all lethal injuries in these governorates, Fig. 3. Of 
total deaths due to injuries documented in the pathologist’s offi  ce, 
we have analyzed only those assigned to road traffi  c that happened 
between 1 January 2010 and 31 December 2013 [14]. Criminal 
investigation offi  cers confi rm information from family members, 
physical examinations and police reports.

Fig. 3. Map of selected governorates that contribute to casualty 

control data in Iraq [14]

According to the analysis, the fatalities of road traffi  c were 
included (7,976). Totally, it was 2,272 (28,5%) of children under the 
age of 18 and 6,238 (78,2%) of male. Th e highest number of deaths 
due to traffi  c accidents occurred between the ages of 15 and 34 for 
the males and under fi ve years of age for the children of both sexes, 
(49.2%) of the deaths happened among the pedestrians. Most of 
the deaths of women and children were from the pedestrian traffi  c 
accident (56.6%) and (69.0%), respectively. Th e mortality among 
motorcycle drivers (3.7%) and cyclists (0.4%) were less rife. 
Deaths rates from road traffi  c accidents ranged from 8.6 to 10.7 
per 100,000 of the people, Table 4, Fig. 4. An evaluated 1.2 million 
people around the world pass away through injuries of road traffi  c 
every year [15]. Th e eighth leading cause of death globally is road 
traffi  c, before malaria, diabetes, tuberculosis, and all other classes 
of infections [16]. 

Also, every accident costs a great deal of money to the 
community. As a result of these unsustainable aspects of 
transport, there is an urgent need to devise new strategies to 
slow down the current trend. Th e use of the word “slowdown” is 
more accurate to the current issue because stopping or becoming 
sustainable cannot exceed the point of utopia. Studies in this 
era include extensive changes in views such as technological 
improvements, passenger behavior, alternative fuels, etc. Th ese 
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changes may have an interesting impact on society as well as on 
common concerns: economic and environmental. For example, 
the study of Frank et al. [17] indicates that the chance of obesity 
increases by 6% with every additional hour wasted in traffi  c.

Table 4. Breakdown of mortality by type of road users, Iraq, 2010 to 

2013 [14]

Motorcycle
Number 
(Row%)

Car
Number 
(Row%)

Pedestrian 
Number
(Row%)

Other/
Unknown 
Number
(Row %)

Total 
Number

Total fatalities 292 (3.7) 3,695 (46.3) 3,925 (49.2) 64 (0.8) 7,976

Gender

Male 277 (4.4) 2,963 (47.5) 2,940 (47.1) 58 (0.9) 6,238

Female 15 (0.9) 730 (42.1) 981 (56.6) 6 (0.3) 1,732

Unknown 0 2 (33.3) 4 (66.7) 0 6

Age

Adult 236 (4.4) 3,019 (56.1) 2,089 (38.8) 34 (0.6) 5,378

Child 
(under 18 

years)
54 (2.4) 621 (27.3) 1,567 (69.0) 30 (1.3) 2,272

Unknown 2 (0.6) 55 (16.9) 269 (82.5) 0 326

Governorate

Basrah 9 (3.8) 116 (48.9) 110 (46.4) 2 (0.8) 237

Al-Anbar 19 (2.4) 561 (72.2) 191 (24.6) 6 (0.8) 777

Baghdad 46 (1.9) 333 (13.5) 2090 (84.5) 5 (0.2) 2,474

Erbil 62 (5.0) 919 (73.6) 257 (20.6) 11 (0.9) 1,249

Kerbala 61 (9.3) 228 (34.7) 354 (53.9) 14 (2.1) 657

Maysan 15 (2.5) 457 (74.9) 130 (21.3) 8 (1.3) 610

Ninewa 11 (1.2) 528 (57.9) 363 (39.8) 10 (1.1) 912

Sulaimaniya 69 (6.5) 553 (52.2) 430 (40.6) 8 (0.8) 1,060

Year

2013 60 (3.3) 903 (49.8) 830 (45.8) 19 (1.0) 1,812

2012 68 (3.1) 891 (40.8) 1213 (55.5) 14 (0.6) 2,186

2011 59 (2.8) 1036 (49.5) 988 (47.2) 10 (0.5) 2,093

2010 105 (5.6) 865 (45.9) 894 (47.4) 21 (1.1) 1,885

Fig. 4. Total fatalities by road traffi  c accident [14]

4.2. Expeditions of awareness-raising 

Developing and developed countries have used education, 
information and advocacy campaigns and awareness-raising for 
sustainable urban transport with varying degrees of success, albeit 

generally limited. Usually, the more eff ective the measure, the 
greater the resistance it attends. Social techniques and operations, 
like the status search (i.e. vehicles as example of status), or the 
pursuit of freedom, are oft en mistrust of cooperation between 
others, oft en, in the developing world particularly, and continuing 
problems of urban transport. Furthermore, the ads produced 
by the automobile industry is much ahead of the promotion of 
urban transport sustainability. In mass awareness, special motor 
cars have long been connected with convenience, rests and speed, 
energy, pleasure, protection, individuality, tranquility, freedom, 
superiority [18].

Various public strategies to promote consciousness of 
sustainability of transport policy could be used [19]:

1. Information, learning, and connecting on peril-related hazards, 
levels, and types of risk producing from profi les of individual 
transport, risk reduction and, perceptions. 

2. Social support and social modeling, that is, manifestation of 
cooperative attitudes and the eff ectiveness of others

3. Morals and values changing (i.e., encouraging altruism for 
others and the future generations, decreasing egoism, and 
challenging conscience).

Some specifi c techniques that seek to limit car uses have also 
been tested and developed, but only in the developed countries, in 
general. Th ese mechanisms include savings in feedback planned 
for families and individuals on existing alternatives to behavior, 
costs and travel patterns. Th e motivation of people to consider 
the consequences of their travel behavior was the main objective 
of these exercises. However, the fl ying results are made hopefully 
(up to 10% less in car travel) and these impacts cannot be quite 
popular yet. Although they are cost-eff ective, they oft en need big 
initial exploitation [20].

Low-price actions are likely to be more constructive and 
meaningful in the developing countries, (for example, search 
days for a free car, cycling days to work and car-free days, bicycles 
festivals fi lm, days for car-sharing, media attention, days for 
free-public transport). New approaches are required for eff ective 
public awareness-raising activities that are necessary to attract 
public attention. Campaigns must also provide specifi c ideas (such 
as the creation of cycling paths) rather than vague ideas (such as 
the overall sustainability of transport). Practice proposes that the 
public consciousness expedition must be targeted and “unifi ed” 
(all imperative urban transport is presented as interlinked and 
interconnected). The policy of car-parking must be properly 
framed and not just a case of audience demand, but as a critical tool 
in limiting car travel demand and increasing revenue. Th e activities 
for audience consciousness should support the transformation 
existent models. For instance, bikes should be displayed as 
futuristic sound vehicles (i.e. a modern case code instead of a car 
for non-money). It is signifi cant to identify pertinent advocacy 
activities and the reasonable context of the local populations that 
may not be able to communicate with examples of best practices 
from the advanced metropolises. Campaign organizers must 
provide a professional picture, experience, foresight, innovative, 
and perseverance. Amateur group messages are oft en ignored, 
whether the regime and/or civil society arranges expeditions of 
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awareness-raising, the assistance of charismatic government 
rulers is mostly final [21]. The concepts of sustainability must be 
included in the curricula of university education because many 
problems of urban transportation are committed and perpetuated 
by higher education persons. Prosperous sustainability internships 
lead to the involvement of participants (knowledge; transport 
sustainability comprehensive and academic study), and hands 
(the psychological field; theoretical learning age by the real-life 
practice of transport sustainability), hearts (emotional sphere; and 
the empowerment of attitudes that are translated into behaviors 
in travel).

The drivers are very conscious of the negative effects of urban 
driving, even in context, style choosing is distorted in favor of 
ground transportation, especially individual cars if drivers aren’t 
loaded full costs of engines. Free available or low-cost parking also 
prop car using and ownership, as well traffic increasing (search for 
parking) [20, 21]. Artificially maintaining fuel prices-low by control 
price,  exported quantity restrictions or governmental tension on 
the oil companies introduce other sets of negative effects, especially 
in the developing countries. These involve thriving black markets, 
contraband, fuel fraud, illegal transfer of support funds and 
significant financial losses incurred by fuel providers, degradation 
of the refining and other infrastructure, and damage to the entire 
economy due to severe fuel shortages [22].

5. Conclusion

In order to improve the transport situation in cities, it is necessary to 
take measures of payment and withdrawal that make private transport 
more energy-intensive, less attractive, and at the same time increase 
the attractiveness of public transport systems and non-motorized 
transport infrastructure. Intelligent transport is on the sustainable 
development essence where it provides growth of economic, trade 
promotion, access improving, and linking communities and societies. 
Smart, peaceful, affordable, dependable and little-carbon transport 
systems contribute to the affordability of energy environmentally 
friendly, climate-resistant and rule-based development for efficient 
economic, socially fair and sound environmental development. 
Thus, intelligent transport has a crucial role to achieve a sustainable 
development agenda that is effective and implementable beyond 2015. 
In view of the many stakeholders found in intelligent transportation in 
all roads and supply chains, better harmony and deliberation within 
and among regimes as well as with main stakeholders like business 
community and smart transport industry, as well as financial partners 
and lenders, are necessary for pushing the sustainable development 
agenda forward.
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ABSTRACT
Contemporary development and the range of application as well as effectiveness of telematics solutions depend, to 
a larger extent, on creative implementations of the latest solutions and concepts related to the exchange of data. This 
article raises an issue of information interchange in business in view of changes generating on one hand new needs and 
on the other new possibilities. Electronic Data Interchange (EDI) is still a basic concept in this area, based on EDIFACT 
(technical aspect in ISO 9735 norm) and created in 80s of 20th century, it satisfies contemporary needs to a lesser 
extent. Nowadays, there is a trend towards devising modern communication solutions which can be easily modified 
and operate in the “cloud” in its broad sense. These modern concepts constitute a basis for a wider usage of telematics 
solutions in the economy and everyday life. This article makes an attempt to identify and holistically grasp determinants 
of such solutions. This elaboration aims to compare a traditional and a new approach to data interchange as well as to 
show trends and new development directions affecting the development of telematics solutions. 

KEYWORDS: Electronic Data Interchange (EDI), EDIFACT, ebXML, telematics 

1. Introduction

The exchange of information may occur between business 
partners on numerous levels. As far as non-repetitive 
communication is concerned, common ways of data transmission 
such as an e-mail are used, in case of larger amounts of data we 
use for instance MIME standard (Multipurpose Internet Mail 
Extensions), internet/social portals as well as others. However, 
when it comes to communication characterized by repetitiveness, 
automation of information exchange is targeted by setting a 
certain standard. The idea of such a standard between two users 
is to transform a document into an electronic version, transmit 
it to the end user and decode it. Attention should be drawn to 

the fact the some authors treat EDI Electronic Data Interchange 
on a general level as an exchange of information in the electronic 
manner (this is the case in [18]), whereas most authors identify it 
with certain standards - UN/EDIFACT as the most common. 

Apart from the exchange of data between partners participating 
in the supply chain, EDI may be directly used for transmitting data 
about a service e.g. the location of a container. That is why, EDI 
combines possibilities of telecommunication and information 
technology so it is treated as the main telematics tool. EDI gets 
rid of paper documents to improve effectiveness of all actions 
by accelerating completion of commercial transactions through 
avoidance of paper work. EDI is not dependent on the software 
used by partners but it is important for it to meet standards. 
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Th e article considers three development paths of electronic 
data interchange: classic EDI, an XML- based fl exible approach and 
a new concept of UN/CEFACT as a direct solution based on UML. 
Formally UN/CEFACT is a successor to UN/EDIFACT however 
due to the fact that a lot of enterprises apply a traditional approach, 
the article treats CEFACT as a separate standard characterised by a 
slightly diff erent concept of data structuring. 

2. Electronic Data Interchange 
EDI

As already mentioned in the introduction, EDI must be 
considered on two layers, on one hand communications protocols 
are discussed, on the other standards of communications 
(documents). Th e reference of EDI to a standard model of  ISO/
OSI communication is not explicit. Choudhary and his associates 
[3] proposed a division into layers (Table 1). 

Communication protocols are understood as lower levels of 
data transfer which take into account methods of coding particular 
bytes of a message. Such information may be for instance found in 
ISO 9735 norm which formally describes the standard of Electronic 
data interchange for administration, commerce and transport 
(EDIFACT). In other words, it represents the way of structuring 
the exchange of data. Attention should be drawn to the fact that 
the norm does not determine a physical way of transferring data 
to a fi nal user but only indicates how the information is encoded. 

Table 1. Layered architecture of EDI [3]

EDI architecture Standards/description

semantic layer Application level services
standard layer EDIFACT, ANSI x12, XML

transport layer e-mail, P2P, WWW
x.435 (CCITT EDI 

Protocol), MIME, FTP, 
TELNET, HTTP

physical layer Dial-up lines, Internet, I-Way

On the other hand, we must analyse what documents may be 
sent. From the point of view of enterprises, instead of following 
their own ideas about which data must be exchanged with a 
business partner, standardised communication is used. As far as 
transport is concerned, IFTM – International Forwarding and 
Transport Messages is used which unifi es information interchange 
between links of the supply chain (for example IFTFCC Breakdown 
of freight charges – details of freight and other fees, IFTMAN 
Arrival notice). IFTM defi nes precisely which records (fi elds of 
data) will be included in a specifi c electronic document: certain 
general information, administration and customs procedures, 
ways of calculating charges and movement of goods, defi nition of 
commercial partners, contacts, information about the shipment 
etc. A group of IFTM messages constitutes an element of UN/
EDIFACT standard. 

Th e selection of a standard of data interchange may be entirely 
independent of the soft ware used by a business partner. Frequently, 
systems for enterprise management (ERP) communicate through 
their own dedicated standards and not classical EDI. In their work 
Lozano and associates [17] compared three ERP systems in view of 

data interchange Microsoft Dynamics NAV, Microsoft Dynamics 
AX and SAP Business One indicating non-uniformity of the 
software mentioned. The exchange of information between 
business partners is very easy if they have the same systems. 
When the software of various manufacturers is used, there 
are three main approaches (assuming integration of data from 
ERP). Firstly, there are the so called translators translating a 
document generated by two different ERP systems. Secondly, 
an external platform may be used enabling access to the data 
from various ERP systems (in fact it also translates the data) 
for example EMA (Enterprise Mobile Application) [2]. Thirdly, 
a module (software) for EDI in the ERP system may be used 
[18]. However, ERP systems may not understand standard EDI 
communications sent – they may be ignored if they do not have 
a dedicated application comprising the implementation of the 
mentioned standard [6]. Fig. 1 presents the above communication 
between business partners using ERP system A and B. 

Fig. 1. Exchange of information between ERP systems [own study]

Th anks to EDI it is possible to instantly transfer information 
from typical commercial documents (an invoice etc.). EDI makes 
use of unifi ed standards all over the world enabling international 
information exchange. It should not be confused with an electronic 
mail as the exchange occurs between systems and not humans. 
Data is transferred in the EDI format and may be automatically 
processed by the computer [4].

EDI system is not dedicated to small companies (one person) 
with few commercial contacts dealing with a single unit or all scale 
production. A single unit production is based on an individual 
approach to a customer whereas EDI aims at repetitiveness. Th us 
the cost of implementation would be too large in relation to profi ts 
generated by this technology. 

We can diff erentiate the following advantages of classic EDI: 
the speed of data transfer, elimination of errors (mistakes are made 
when the same invoice is entered into a computer system many 
times leading to inconsistencies). Based on the research people 
on average make mistakes in communication 3 times out of 100 
[7]). With the implementation of EDI can get reduction of costs, 
improvement of the quality of customer service, optimization of 
warehousing stock, reducing the time need to execute transactions. 

The main disadvantages of the classic EDI are as follows: 
sophisticated EDI communications (small fl exibility – the necessity 
of elaborating sub-communications for specifi c needs, a considerable 
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number of documentations – each sub-communication must be 
accompanied by a new description of the standard), a multitude of 
standards and versions of catalogues and communications, problems 
with maintenance and updating, high costs, a difficult and long 
implementation process, only standards of EDI data structures, no 
standardisation on the level of business processes [13].

Formally, “EDI can be classified into four types to its different 
functions. It includes Trade Data Interchange, Electronic Fund 
Transfer, Interactive Query Response and Computer Aided Design 
(CAD).” [23]. Attention should be drawn to the fact that there are 
various classifications of messages sent by EDI e.g. Krawczyk [13] 
divides Trade Data Interchange into commercial and transaction 
information – constituting in this respect a broader group than 
only CAD which may be identified with the interchange of big flies 
(projects etc.). Such information can be interchanged since 2010 
in OFTP v 2.0 (Odette File Transfer Protocol). Whereas Zenjiro 
distinguishes Computer-aided Acquisition and Logistic Support 
(CALS) as an extension of CAD [24]. To sum up, we can define the 
following areas of data interchange in EDI [13]: 

• The interchange of commercial information-oriented data 
namely the information on the initial stage of cooperation 
between enterprises, price catalogues, technical data of 
products are exchanged for instance. 

• Transactions-oriented data – all types of documents related 
to accomplishment of business actions such as invoices, 
purchase orders, delivery notes etc. 

• Electronic Fund Transfer (EFT) – electronic money transfer for 
example the transfer of money from one account into another. 

• Interactive EDI (question – answer) – the exchange of information 
targeting specific information and reservation services – there is 
a possibility of interchanging data similar to an ordinary e-mail 
though it is not recommended due to automation.

Wang and associates [23] made a SWOT analysis for the electronic 
data interchange as presented in Table 2. Additionally the authors 
indicate four levels of profits generated by EDI. The highest level 
is presented by the electronic circulation of documents – profits 
are earned through giving up paper copies. Another advantage is 
illustrated by the integration of entries and exists- reduction of the 
number of mistakes. The third level draws attention to the fact that 
EDI helps to manage an enterprise – standards make the job easier. 
The fourth level is about business partnership. 

Tab. 2. SWOT analysis of EDI [own study based on 23]

Superiority (S) Weaknesses (W)

1. Save time, reduce costs and improve 
efficiency

2. Improve management and service 
quality, speed up cash flow and real-

time production
3. The need of business development

1. Applied EDI to exchange data 
need to follow the required 

program
2. Market-oriented and frequent 

order changes

Opportunities (O) Threats (T)

1. Improve the relationship with 
trade partners and strengthen their 

cooperation
2. Increase trade opportunities
3. Gain a competitive strategic 

advantage

1. Open and competition free markets, 
prices having challenges

2. There is a contradiction between 
the openness of the network and 

exclusive of business information in 
terms of security

2.1. Traditional EDI – EDIFACT

Further considerations of Table 1 refer to the EDI standard 
layer. The authors of this article perceive traditional EDI as 
an EDIFACT based standard. In order to illustrate differences 
between standards based on this system, its short evolution has 
been presented below. The electronic data interchange originated 
in the USA in 60s, in the beginning it referred to the transfer of 
data between computers in a certain standardized way. It allowed 
to exchange data through telecommunication connections in 
an automated way provided the two business partners approved 
a certain communication method. In 1968 Transportation Data 
Coordinating Committee (TDCC) was established aiming 
to create a standard for business information exchange. Since 
then a lot of standards of information exchange in the industry 
have been set and that is why in 1978 for the purposes of unifying 
electronic communication the American National Standards 
Institute (ANSI) appointed an Accredited Standards Committee 
X12. This is how ANSI X.12 was created [10]. ANSI X.12 is the 
equivalent to EDIFACT.

In Europe the EDI was initiated in 80s, when numerous business 
standards for information interchange were developed such as 
TRADCOMS (UK retail sector), ODETTE for the automotive 
industry, EDIFICE – electronic industry, CEFIC – chemical industry 
etc. The multitude of standards made the United Nations review 
and compile the existing solutions under the name of Electronic 
Data Interchange for Administrations, Commence and Transport 
(UN/EDIFACT) whereas the description is included in ISO9735 
[11]. However, industry standards must be remembered as binding 
explanations of EDIFACT. 

In 90s solutions were developed for smaller enterprises which 
could not afford to implement EDI Lite and Web EDI. An entirely 
new flexible solution based on XML was created (compare section 
2.2). The end of 90s witnessed works on a new approach – a more 
adjustable one as compared to traditional EDIFACT. This is how 
United Nations Centre for Trade Facilitation and Electronic 
Business UN/CEFACT was created [21] which will be discussed 
in more detail in section 2.3

Originally EDI was made by means of dedicated optical fibre 
but nowadays the internet is preferred. An organization called 
Internet Engineering Task Force (IEFT) defined standards of 
sending EDI messages over the internet. Whereas in 2002 the 
Internet Society in RFC3335 standard defined the transfer of 
EDI via an electronic mail, and in 2005 in RFC4130 standard via 
HTTP using MIME. Although in Poland there are providers of 
traditional connections such as: Orange Polska (before the merger 
as Telekomunikacja Polska and PTK Centertel) formerly POLPAK 
(POLish PAcKet-Transit), EXATEL and TK Telecom Netia Group 
(formerly KOLPAK), these solutions are not dominant in the 
market, apart from SWIFT banking system.

Fig. 2 shows EDI using EDIFACT messages. Despite the 
fact that these considerations mainly refer to the way the data is 
interchanged, they may likewise refer to other communication 
standards such XML, ANSI X.12. 

Web EDI solution is implemented by small companies using 
an electronic data interchange with a bigger partner. This is an 



A. BUJAK, M. GURAK, J. JAGODZIŃSKI

13Volume 11 • Issue 4 • November 2018

asymmetric solution as the big company incurs the implementation 
costs because it provided WWW website. Th e smaller partner is 
only provided with an access to the data. Web EDI is applied when 
a smaller partner does not have suffi  cient resources to implement 
EDI. In order to use Web EDI it is enough to have an internet 
access and an internet browser. Th e disadvantage is that there is 
no possibility to integrate Web EDI with soft ware of one’s own. 

Fig. 2. Interchange of information in EDIFACT aided by Web EDI, Lite 

EDI and cloud solutions [own study]

Similarly to Web EDI, Lite EDI solution is based on the use 
of internet browsers. Enterprises who have decided to participate 
in the electronic data interchange make use of a simpler version 
of EDI programmed and purchased by themselves. It enables 
participants to exchange information by means of forms sent by a 
central server to other users of the system. Lite EDI enables the use 
of address database, catalogues of products and cooperation with 
users of VAN network. Lite EDI secures simplicity, clarity of the 
use, easy modifi cation of elements of the data base and low costs. 
It is very common in Spain, France and United Kingdom [13]. A 
number of Lite EDI providers operate in Poland such as ECOD 
Comrach, EWA – EDIson Web Access, EDINET, XTRADE. Lite 
EDI providers off er a possibility of integrating the interchange of 
data originating from the EDI portal with any computer soft ware 
used by a business partner. 

Th e use of a corporate portal to gather information is another 
solution worthwhile mentioning in respect of supporting the 
organization of virtual supply chains. Quoting D. Kisperska-
Moroń „A corporate portal is an access point obtaining, organizing, 
modifying and distributing knowledge of an organization. It is a 
secure www interface which can be used by all parties associated 
with the company: employees, partners, suppliers, customers.” 
Corporate portals work well when it comes to regular, repetitive 
transactions as well as complex, irregular ones. When an order 
appears, a specifi c confi guration of a virtual supply chain is created. 
Depending on needs, various links of the supply chain take part. 
Corporate portals enable smooth and eff ective operation of virtual 
supply chains [12].

As far as solutions, commonly known as the cloud, are concerned, 
we can observe a trend to shift  a burden of exchanging data onto 
external operators. Th e entire implementation of EDI used to be done 
by an enterprise willing to take part in the data interchange however 

nowadays instead of creating a connection dedicated to two partners, 
a solution allowing numerous users to communicate is created. Th is 
dispersion does not only concern the mere data interchange but also 
a place where business data is stored. Entrepreneurs used to keep 
data locally, at present cloud solutions are created hosting some 
information out of company (SQL or others). From this perspective, 
a request for access to company off ers involves enquiring data bases 
(through an appropriate API).

2.2. XML based EDI

Th e history of Extensible Markup Languages (XML) begins with 
the elaboration of Standardized Generalized Markup Language 
(SGML) by Charles Goldfarb and also Ed Mosher and Raya Lorie 
in 70s when working for IBM [1]. Despite its name, SGML is not 
an independent language of mark-ups but it is a language to be 
used to defi ne the language of mark-ups. SGML aimed to create 
dictionaries used for marking documents by means of structural 
tags. One of the most popular applications of SGML was called 
HyperText Markup Language (HTML) elaborated by Tim Berners 
Lee at the end of 80s [19] From the very beginning HTML became 
a victim of its own popularity because it was quickly accepted and 
extended in many ways. It is still popular today as a presentation 
technology but is considered inappropriate as a format for storing 
data of general use. 

XML as a programming engineer is used to create words and to 
use these words to describe data. Provided a sender and a recipient 
have agreed on the meaning of the data, they may start doing 
something useful with it. Before the elaboration of XML, systems 
required a certain prior compliance of the data and its meaning. 
Together with development of XML, data may be exchanged 
between the systems without this prior agreement provided the 
systems understand the words and speak the same language. XML 
became a formal specifi cation in mid-February 2000.
Since the elaboration of XML a lot of applications have been cre-
ated for [9]:

• publishing online: XML enables a customer to create 
interactive websites, adjust those websites and it also makes 
the creation of e-commerce applications more intuitive. 

• searching the internet and automation of network tasks: XML 
defi nes a type of information included in a document, making 
it easy to get useful results when searching the internet. 

• for general purposes: XML secures a standard method of 
accessing the information enabling applications and devices 
of all types to use, store, transfer and display the data..

• E-business applications: implementation of XML make EDI 
more accessible for interchanging information, transactions 
between entrepreneurs and transactions between enterprises 
and consumers. 

• applications of metadata: XML makes it easier to express 
metadata in a mobile format for multiple use. 

• a ubiquitous computer: XML secures mobile and organized 
information to be displayed on wireless computer devices 
such as PDAs, mobile phones and others. 
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Scardina, Chang and Wang [20] offer three options for storing 
XML data. Storing an XML document unchanged, downloading 
data from a document and storing it as relational data or using 
types of XML data for storing XML.

XML has turned out a great success when it comes to marking 
up documents, sharing data and metadata, enabling interoperability 
and transferring and storing data in a transparent way. Considering 
the present interest in the next generation of systems for enterprises, 
the use of HML will grow because it is the basic technology for 
network services, development of portals and architecture oriented 
on services. XML is a mature standard and its future looks bright [20].

2.3. UN/CEFACT

As far as the exchange of information between enterprises is 
concerned, the use of digital documents is extremely important 
apart from the concept of coding the data. So EDI does not only 
describe the way of transforming data into a digitalized version but 
also a hierarchy and the order of transferring specific information. 
This area refers to UN/CEFACT (United Nations Centre for Trade 
Facilitation and Electronic Business). Formally this standard is 
described by two elements: UN/CEFACT Modelling Methodology 
(UMM), a language describing interactions between business 
partners and Core Components Technical Specification (CCTS) 
containing a model for business documents. 

UMM in fact is a new profile in UML enabling a design of a business 
interface showing cooperation. UMM contains three basic elements: 
the business requirements view – presenting business partners, 
existing processes and the environment. The business choreography 
view describing an exchange of documents (that is why UMM is called 
a choreography language). The last element is business information 
view describing a structure of documents. Formally UMM does 
not enforce a way of modelling business partnership however UN/
CEFACT suggests CCTS should be complied as it constitutes the basis 
for data interchange. CCTS is written in UMM [18].

Considering the concept, UN/CEFACT is more valuable 
than XML. In XML the implemented logic is sent together 
with a document whereas in UMM it is encoded on the concept 
level. The advantage is that flexible UN/CEFACT will not result 
in inconsistencies of documents which may arise in XML [14]. 
Additionally, CCTS turns out to be so universal that it can be 
implemented in other systems for example in DSL Microsoft 
instead in UMM [15]. In his work Liegl and his associates present 
numerous ways of exchanging information and indicate that UN/
CEFACT CCTS is the best format for digitalization and transfer of 
data (for 2010) [16].

2.4. ebXML

On 15th September 1999 the United Nations body for Trade 
Facilitation and Electronic Business (UN/CEFACT) and the 
Organization for the Advancement of Structured Information 
Standards (OASIS) joined their efforts to initiate a world project 
standardizing XML business specifications. UN/CEFACT and 
OASIS established a working group called Electronic Business 
XML for the purposes of elaborating technical frames enabling a 

coherent use of XML for exchanging all electronic business data. 
In December 1999 at the meeting initiating ebXML standard over 
120 companies representing various standardization committees 
inter alia Accredited Standards Committee (ASC) X12, Commerce 
One, Data Channel, DISA, UN/EDIFACT, IBM, OAG, Oracle, 
Sun Microsystems, Inc joined forces to commence the initiative. 
On 31st March 2000 the first ebXML technical specification was 
published. On 29th March 2004 the International Standards 
Organization (IS0) accepted a set of four standards ebXML OASIS 
which enabled companies from any industry, any size in any 
place in the world to run a business through the internet. ebXML 
standard is published by ISO under ISO 15000 number. 

ebXML (electronic business using eXtensible Mark-up Language) 
is a module set of specifications securing enterprises of any size and 
any location with a possibility of running a business on the internet. 
At present, when using ebXML companies have a standard method 
of exchanging business communications, keeping business relations, 
transferring data on jointly established principles of defining and 
registering business processes. 

ebXML contains five types of specifications which may be 
implemented separately or together: 

Business process; Standard OASIS Standard ebXML Business 
Process (ebBP) constitutes the basis for a business process promoting 
automation and anticipated exchange of definitions and business 
cooperation by means of XML.

Profile and conditions of a collaboration protocol; The ebXML 
Collaboration Protocol Profile and Agreement (CPPA) Standard 
OASIS (ISO 15000-1) defines the way business partners get involve 
in electronic cooperation by exchanging electronic messages. 

Sending messages; The ebXML Messaging Services (ebMS) 
OASIS Standard (ISO 15000-2) defines transport, routing and 
packing e-business transactions by means of standard internet 
technologies. 

Registers and repositories; The ebXML Registry Information 
Model OASIS Standard (ISO 15000-3) I specification, the ebXML 
Registry Services Specification OASIS Standard (ISO 15000-4) define 
interoperation registers and repositories, an interface enabling the 
transfer, search and download of the contents. 

The main components; The ebXML Core Components 
Technical Specification (ISO 15000-5) presents the methodology of 
joint elaboration of a set of semantic elements representing general 
types of business data currently used. It also secures creation of new 
ones and restructuring of existing business dictionaries. 

ebMS – describes a natural method of a communication 
protocol for exchanging messages in electronic business. It makes 
sure that older electronic business systems making use of traditional 
syntax (i.e. UN/EDIFACT, ASC X12 or HL7) may take advantage of 
ebXML infrastructure together with the users of the new technology. 

The main element of ebMS facilitates an electronic interchange 
of business information as part of XML syntax making use of 
common internet standards without making any assumptions about 
an integration model. These messages may be used in various ways 
exceeding the scope of specification: they may combine with an 
older application, a service, a queue, enter the process of messages 
flowing, be grouped for the purposes of delayed processing, be 
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directed to the bus of corporate services before they are used by the 
consumer or sent on the basis of the heading or information data etc. 

Th e structure of sending ebXML messages is not restrictive: 
business messages defi ned as „loads” ebXML messages are not 
restricted to XML documents. Traditional EDI formats may be 
transported through ebMS. Th ey may assume any digital form such 
as XML, ASC X12, HL7, AIAG E5, tables of databases, fi les of binary 
images etc. A lot of “loads” may be of diff erent MIME types and 
may be transported in a single message eBMS. Th e objective of 
the protocol of ebXML messaging is to be able to transfer a „load” 
of the message (information) using any type of a protocol of the 
transfer. Th e specifi cation contains connections with HTTP and 
SMTP, other protocols may also be used, those related to SOAP etc. 
Th e selection of XML rather depicts confi dence in developing XML 
infrastructure based on the Web and programming tools based on 
XML whose components may be used many times by programmers. 

3. EDI trends and development 
directions

A group of models of Industry 4.0 more precisely describes IT 
properties required to create integration inside and outside intelligent 
factories. Mazak and others focus on horizontal integration of 
enterprises. Interoperability is expected as necessary and available 
standards of data interchange are analysed as fi rst[18].

Th e proposed frames aim to defi ne appropriate standards for 
Industry 4.0 by classifying them according to the three dimensions. 
Th e fi rst dimension diff erentiates a strategic/tactical layer for the 
purposes of defi ning languages which are appropriate for describing 
business and operational functions responsible for creating values. Th e 
second dimension distinguishes internal processes in an enterprise 
e.g. Production or external processes e.g. Procurement. Th e third 
dimension discriminates an operational view (BOV) consisting of 
rules and tools used to describe business aspects of data interchange 
and a functional view of services (FSV) referring to a technical 
implementation of IT standards (Open Norma EDI, ISO/IEC 14662, 
2010). From this point of view EDI may be used in all areas of data 
interchange so it may be treated as Industry 4.0 solutions. 

Fig. 3 presents a vision of developing a classical electronic 
data interchange. Only main development directions have been 
taken into account for example Lite EDI, Web EDI are accounted 
in the traditional EDI, CEFACT is based on UMM namely CCTS. 
ebXML is intermediary technology between XML, CCTS because 
it has core components based on XML languages. 

According to the data of Eurostat [5] EDI industry in 
e-commerce is still developing so Fig. 3 shows a growing trend 
for EDI. In accordance to the survey carried out in 2007, 85-
90% of total data interchange in B2B is done in the classical EDI 
[22]. Similarly, other authors indicate a decisive domination of a 
classical approach to data interchange through UN/EDIFACT and 
X12 standards [18], [6]. Unfortunately, the recognized statistical 
portals (e.g. Eurostat) do not conduct research on the division of 
the traditional EDI technology. 

Fig. 3. Trends in the market of electronic data interchange

[own study]

In the authors’ opinion and in view of changing environment, 
some industries will stick to standard EDIFACT due to the fact 
that any change would involve restructuring of the entire system. 
However, once these changes are made, an enterprise has a lot 
of possibilities so shift ing to a slightly more fl exible CCTS (UN/
CEFACT) is unlikely as compared to possibilities offered by 
ebXML or by the cloud solution in its broad sense. Additionally, 
it seems that the only concept that may endanger the position of 
EDIFACT is ebXML driven mainly by an automotive industry 
which used to support EDIFACT.

In 2004 the automotive industry began the transition to a new 
standard of data interchange aiming to reduce costs and simplify 
processes. One of the reasons for implementing a new ebXML 
standard by this industry is simplifi cation of electronic processing 
of forms leading to reduction of costs of transmitting data in dealers 
networks by half. Car manufacturers perceive ebXML as the best 
choice to replace an expensive process of exchanging documents 
based on traditional EDI oft en combined with satellite services. 
Automotive Industry Action Group established by car manufacturers 
for the purposes of solving problems related to a supply chain leads 
ebXML projects called Inventory Visibility and Interoperability. Th e 
project engages over 30 technological companies including BCE 
Emergis, Covisint, IBM, Microsoft , QAD, SAP, Sterling Commerce 
and Supply Solutions.

At present ebXML is a mature standard. It uses open technologies 
which are non-proprietary. It became ISO standard and is being 
developed by UN/CEFACT and OASIS. Nowadays there are a lot 
of its implementations also as part of solutions like BEA Web Logic, 
Sun ONE Integration Server or IBM Websphere. Despite a few 
similar and competitive solutions in operation supported by big IT 
companies, ebXML standard has a very strong position thanks to 
its openness and support of international organizations. In spite of 
a huge support dissemination of ebXML proceeds slowly. However, 
among standards of B2B information interchange, ebXML is the 
safest choice. 

One more application must be mentioned. Commerce is one of 
the industries which prepared the information interchange standard 
using classical EDI. Th e fi rst step taken by the commerce was to 
introduce a bar code on retail packaging to comprise a unifi ed 
description and coding of products. Th e next step was automatic 
gathering of data about products in a warehouse and an electronic 
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exchange of documents and data between partner in the logistic 
chain. This is how GS1 eCom standard was elaborated. 

Global GS1 identifiers are a unique set providing the basis for 
international principles of identification. Their structure depends 
on the applied technologies due to its stability and invariability. 
It guaranties uniqueness of identification numbers and even 
object alike. 

GS1 eCom consists of two complementary standards i.e. GS1 
EANCOM/EDIFACT and GS1 XML. Both of them enable creating 
direct connections between the physical flow of goods and services 
and the related information which provide the basis for generating 
electronic commercial documents. 

Standard GS1 EANCOM® is based on UN/EDIFACT (United 
Nations Rules for Electronic Data Interchange for Administration, 
Commerce and Transport) and contains a set of communications 
(e.g. an order, an invoice, advise notes, shipments, transport 
manual etc.) used in the commercial interchange in transport. 

GS1 XML Standard was built on the guidelines of UN/CEFACT 
and components of data identified by this organization. It is similar 
to GS1 EANCOM® system as it contains the same elements but is 
dedicated to a different group of recipients who did not decide 
to implement EDI. In the above situation codes support traditional 
EDI [8].

4. Conclusion

Nowadays a lot modern solutions appear in the field of data 
interchange. This article reviews communications in Business-to-
business (B2) relations and in e-commerce. Most transactions are 
still carried out in the traditional EDI. However, due to its little 
flexibility enterprises start looking for new solutions. In response 
systems of data interchange based on XML, UMM and other were 
developed. According to the authors ebXML solution has the 
biggest chances of development in the market. 

ebXML CCTS describes and specifies a new approach to a 
well-known problem of the lack of information of interoperability 
between applications in e-business. Traditional standards of 
data interchange focus on the statistical definitions of messages 
which do not meet interoperability or flexibility requirement. 
CCTS ebXML standard satisfies the need of a more flexible and 
operational ways of standardizing business semantics. 

As far as data interchange is concerned, the cloud solutions are 
changing the existing paradigm where two recipients send data 
between themselves. A new participant appears – a repository 
of data (a cloud) which may be accessed by participants of the 
communication. The advantage of this approach is the dispersion 
of the access to data. Unfortunately, current solutions are not so 
safe yet so the industry cannot give up a traditional independent 
management of information. 
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ABSTRACT
Over the past years, the role of inland waterway transport has increased compared to other modes of transport. The 
increasing intensity of the inland vessel traffic significantly affects the safety of navigation. The article analyses the 
main causes of accidents and incidents that occurred on the Odra Waterway and Lower Vistula. The authors have 
classified those accidents and suggested possible directions for the development of inland waterway management in 
order to improve its efficiency. Navigationally critical areas in the lower section of the rivers Odra and Vistula have 
been indicated. These areas should be taken into account in long-term planning of the inland shipping development 
to ensure transport safety.

KEYWORDS: inland shipping, transport, safety 

1. Introduction

Human existence has been associated with water since time 
immemorial. We draw from its flora, fauna and minerals hidden 
in the seabed or ocean floor. Each watercraft poses a threat to the 
marine or inland environment, and vice versa: the environment 
may create risks to the vessel. The ship route encounters different 
weather conditions, which to a varying extent affect its safety. 

Today, the exploitation of rivers mainly involves the need to 
comprehensively protect the natural environment and the cultural 
and historical heritage in riverside areas. Despite the development of 
safety systems, high-tech navigational equipment, constant training 
of shipboard personnel, ships still suffer damage from accidents. 

Many factors contribute to inland waterway accidents resulting 
in casualties. These include improper technical condition of the ship 
or operational management, insufficient personnel qualifications 
and difficult hydro-meteorological conditions. To enhance safety 
standards, many countries maintain a register of marine and 
inland accidents. The data collected in such a register are used for 
research which includes a detailed risk analysis for the assessment 
of navigational safety.

2. The operation of the River 
Information System as an 
element supporting the inland 
waterway navigation safety in 
the Lower Odra River

The obligation to implement River Information System (RIS) 
includes all inland waterways of international importance and the 
ports along the waterways which are linked with other waterways 
of the same standard, i.e. starting from class IV waterway as per 
the classification of the United Nations Economic Commission for 
Europe (UN/ECE). The provisions of the RIS Directive, at Member 
States’ discretion, may also be used on inland waterways not covered 
by this requirement. Requirements and technical specifications for 
the harmonised river information system, as defined under the 
RIS Directive, are not mandatory, but recommended in case of the 
national inland waterways of RIS related requirement, if they are 
not connected with a network of another Member State.  In Poland, 
most waterways have operating parameters of regional importance. 
Only less than 6% of their length meets the requirements of inland 
waterways of international importance (parameters of class IV and 
higher), i.e. where RIS Directive is to be implemented. These are [1]:
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• Lake Dąbie to the border with marine internal waters - 9.5 km,
• Th e River Odra from Ognica (village) to Przekop Klucz-

Ustowo (canal) and further as the Regalica River to its mouth 
at Lake Dąbie - 44.6 km,

• Th e River Odra Zachodnia, which includes:
• from the weir in Widuchowa town to the border with marine 

internal waters along with the side branches - 36.6 km,
• Przekop Klucz-Ustowo, a canal linking the river Odra Wschodnia 
• with Odra Zachodnia - 2.7 km.
• River Parnica and Przekop Parnicki from the Odra Zachodnia 

to the marine internal waters border - 6.9 km.
Th erefore, the obligation to implement RIS applies to the lower 

section of the Odra from Ognica to Szczecin, including Odra 
Wschodnia, Odra Zachodnia, Dąbie lake and the other waterways 
of Szczecin waterway junction. Th e total length of these waterways 
is 97.3 km. All sections have the parameters of international 
importance and are linked to each other. Th e requirement to develop 
technical specifi cations for European river information system 
stems from the necessity to build a harmonised, interoperable and 
open information system, available without discrimination for all 
providers and users of the system. For safety reasons, it was assumed 
that the requirements and technical specifi cations would be based 
on the accomplishments in this fi eld by relevant international 
organisations, such as:

• World Association for Waterborne Transport Infrastructure 
(PIANC),

• Central Commission for the Navigation of the Rhine (CCNR),
• United Nations Economic Commission for Europe (UNECE).

Th e framework structure of a harmonised river information 
system should enable operators and system users to achieve their 
goals by accomplishing a range of tasks in inland fl eet management, 
based on collected and transmitted data that make up a given 
service [1]. Th e River Information System operates within Szczecin 
Waterway Junction and the waterways of Międzyodrze. Th e main 
purposes of the system are to support the shipping safety, develop 
inland navigation, protect the environment and use the existing 
navigational infrastructure.

Th e River Information System consists of four main components 
comprising receiving information from the environment, data 
transmission, processing the information gathered and the RIS 
users. Supervision over the shipping safety is ensured through 
monitoring and tracking of inland vessels moving in RIS-covered 
waters. Inland vessels are monitored and tracked by CCTV, radars, 
automatic identifi cation system (AIS) and diff erential global 
positioning system (DGPS). Navigational messages sent to RIS 
users play an essential role too, informing them of navigational 
conditions, restrictions on waterways and prevailing hydro-
meteorological conditions.

Th ere are four groups of navigation messages for RIS users:
• FTM - fairway and traffi  c related messages,
• WRM - water related messages,
• WERM - weather related messages,
• ICEM - ice related messages.

Messages are available via the Internet service, an application 
accessed on the website of the Inland Waterway Shipping Offi  ce. 
Service users also have access to electronic navigational charts 

available through Inland ENC - Inland Electronic Navigation 
Chart [2].

2.1. Elements supporting the safety of inland 
navigation in the Lower Vistula area

Th e waterway in the Vistula Delta is not covered by traffi  c 
control, river information or automatic identifi cation system. Th e 
data concerning the inland shipping fl eet, vessel traffi  c, accidents 
and freight can be obtained from the Central Statistical Offi  ce and 
Regional Waterway Administration in Gdansk (based on lock 
operations data). It takes, however, a relatively long time to obtain 
the information. Given the currently use of the navigable route in 
the Vistula Delta, it seems that this method of obtaining data is 
suffi  cient. If vessel traffi  c intensity increases on this waterway, it 
will be necessary to introduce a system for continuous monitoring 
of vessel traffi  c in the area under consideration [3].

3. Accident statistics in the 
Lower Odra

According to the Regulation of the Minister of Infrastructure 
of 28 April 2003 on navigational regulations applicable to inland 
waterways, a navigational accident is an event associated with a vessel 
movement or stop that resulted in an injury of a person causing 
health problems or death, damage to property of substantial value 
or major failure as defi ned by environment protection regulations 
[4]. Each shipping accident is entered in an accident register, which 
is maintained by the Inland Waterway Shipping Offi  ce in Szczecin. 
Th e register records information with the following items: date and 
place of the accident, qualifi cation (kind of) the accident, parties 
involved, consequences, extent of damage, persons to blame for 
the accident, fi nal conclusions and number and date of the relevant 
decision. Th e article analyses data covering the period from 1990 
to 2016. Th e total number of incidents that were reported and 
registered in those years is 160. Th e numbers of incidents in inland 
waterways managed by the Inland Waterway Shipping Offi  ce in 
Szczecin are shown in Fig. 1.

Fig. 1. The numbers of incidents between 2000 and 2016 in the 

areas managed by the Inland Waterway Shipping Offi  ce in 

Szczecin [own study based on 10]

According to the guidelines in the Journal of Laws (Dz. U.). 
2002 No 17 item 161, the Act of 22 January 2001 on the detailed 
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procedures in connection with accidents on inland waterways,  
such accidents can be divided into the following classes [5]:

• Class 1 - sinking of the ship,
• Class 2 - collision of vessels,
• Class 3 - event leading to death or damage to health,
• Class 4 - environmental pollution,
• Class 5 - damage to water engineering facility (including a 

bridge),
• Class 6 - damage to a vessel due to a collision with water hydro 

engineering facility (including aids to navigation),
• Class 7 - fi re or explosion on the vessel,
• Class 8 - loss of cargo or equipment elements by a vessel,
• Class 9 - grounding.

97 accidents out of all the registered ones were analysed. Th e 
analysis excluded incidents in which only personnel suff ered, not 
watercraft , such as a person falling overboard, robbery, assault or 
a person’s death at work. Most accidents in 1990 - 2016 were those 
of class. 

5 (28 collisions of an inland vessel with a bridge). With 23 
events, ranking second, were collisions with other facilities (class 
6). In the same period, 17 collisions with another watercraft  took 
place (class 2), four collisions with a berthing structure and 10 
entries into  fi shing gear. Fig. 2 presents the numbers of accidents 
in the Lower Odra with the breakdown by class.

Fig. 2. The numbers of shipping accidents between 2000 and 2016 

in the area managed by the Inland Waterway Shipping Offi  ce 

in Szczecin by class [own study based on 10]

Th e greatest number of events concerns vessel collisions with 
bridge structures (pier or span). Th e second largest number of 
accidents is collisions with other objects, which include fi xed 
elements of navigable routes, such as dolphins, buoys, piers, 
etc. Th e category ‘other’ includes events, whose cause was not 
described for various reasons e.g. lack of witnesses, or bad weather 
was the major factor (e.g. strong wind pushing a barge into 
another vessel or a fi xed / fl oating object). It is worth noting that 
10 accidents involved vessels penetrating fi shing nets. Th is type of 
event is not included in any accident class. Th e majority of class 5 
accidents occurred in Szczecin. Structures that most oft en suff ered 
from collisions were the bridges: railway bridge at the Central 
Train Station and Długi Bridge [6]. Fig. 3 presents the numbers of 
collisions with bridges in the Lower Odra stretch.

Human error is the most common cause of accidents. More 
than 90% of collisions resulted in  blaming the ship crew member 
responsible for the collision. Causes of these errors naturally have 

various backgrounds. Regarding the watercraft  passage under 
a bridge span, a collision is most frequently due to improper 
assessment of bridge clearance height and own ship’s under keel 
clearance. Th is may result from incorrectly read messages on the 
updated level of navigable water or inaccurate readout of vessel’s 
draft  aft er loading or unloading. Other sources of human error 
are bad weather conditions. Strong crosswinds or fog may lead 
to incorrect manoeuvres, which result in ship’s collision with a 
bridge or overpass [7].

Fig. 3. The number of collisions with the bridges in the Lower Odra 

[own study based on 10]

3.1. Critical places in the Lower Odra and 
Szczecin Waterway Junction

Fig. 4. Locations and types of incidents in the lower section of the 

river Odra in the years 1990 - 2016 [own study]

Th e Lower Odra sections feature spots where vessels are 
particularly vulnerable to a variety of dangerous situations. Th ese 
are mainly waters around Szczecin Waterway Junction (with the 
densest vessel traffi  c, and several bridge structures). Taking into 
account the route intersections of strategic importance during 
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transport within the city perimeter it is necessary to ensure 
safety at those areas. Fig. 4 illustrates the critical locations within 
the Lower Odra and Szczecin Waterway Junction.

4. Accident statistics in the 
Lower Vistula

Vessel traffi  c intensity in the area of the Lower Vistula is much 
lower compared to the Lower Odra. Consequently, the number of 
accidents occurring in that area is much smaller. Th e article analyses 
data covering the period from 1990 to 2016. Th e total number 
of incidents reported and registered in those years was 21. Th e 
numbers of accidents in inland waterways managed by the Inland 
Waterway Shipping Offi  ce in Gdańsk are shown in Fig. 5.

Fig. 5. The number of shipping accidents in the years 1990 - 2017 in 

the area managed by the Inland Waterway Shipping Offi  ce in 

Gdansk [own study based on 10]

Of all the recorded accidents, the analysis covered all accidents 
that occurred in 1990-2016. Th e accidents registered also included 
those where the identifi ed cause necessitates the extension of 
previously established classifi cation:

• Class 10 - Damage to a vessel due to a collision with an object 
located on the bottom (wrecks, remains of bridgework, anchors, 
steel structures, pipe lines, boulders, fi shing nets, military objects, 
old historical buildings).

• Class 11 - Damage to a vessel by external factors ( bridgework 
elements falling off ),

• Class 12 - Collision with natural objects (fl oating logs, dead 
animals).

In the area under consideration, in the years 1990-2017 there 
were 12 accidents that resulted in the  damage to hydro engineering 
structure. Other accidents that occurred with equal frequency of 
two per year included: vessel sinking, damage due to collision with a 
hydro engineering structure, damage due to collision with a natural 
object. Fig. 6 presents the numbers of accidents occurring on the 
Lower Vistula by class.

Th e most frequent events occurring in the Lower Vistula 
were those belonging to class 5. Collisions led to damage of such 
structures as road and road-rail bridges, pontoon bridges, locks 
and other technical buildings (not specifi ed). Th e distribution of 
events by type of damaged object is shown in Fig. 7.

Fig. 6. The numbers of shipping accidents between 1990 and 2017 

in the area managed by the Inland Waterway Shipping Offi  ce 

in Gdańsk by class [own study based on 10]

Fig. 7. The number of collisions with diff erent objects in the Lower 

Vistula [own study based on 10]

Th e most common causes of accidents in the examined area 
of the Lower Vistula are: technical  failure, natural conditions and 
human error, the latter resulting from both involuntary actions to 
avoid collisions and conscious actions, such as failure to observe 
navigational regulations. Identifi ed causes have been related to 21 
events. Th e most common consequences of personnel errors turned 
out to be collisions with hydro engineering objects. Technical 
failures, as in the case of human error, mostly led to the damage 
to objects and the vessels involved. Weather conditions (wind and 
visibility) caused two accidents resulting in a collision with objects 
in water or above (boulder, tree branch). Based on the analysis of the 
whole list, we can note that the most common cause-eff ect pattern 
in the examined cases is human error causing a collision with a 
hydro engineering object.

4.1. Critical places in the Lower Vistula

A major diffi  culty for navigating in the examined area a  debris 
accumulating and moving  down  river, which  at medium and 
high water is hidden under the water surface. Too small radiuses 
of bends at lock approaches and at intersections with road and rail 
routes (bridges) create conditions that are favourable for undesired 
events. Th e lack of standardized aids to navigation marking the 
navigable route and failure to deepen the airway by removing 
obstructions  (rocks, tree branches, wrecks, bridge remains) leads 
to vessel damage [8].
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Fig. 8. Locations and types of incidents in the lower section of the 

River Odra in the years 1990 - 2016 [own study based on 10]

5. Conclusion

Th ere are a number of dangers that aff ect freight transport on 
inland waterways. An event involving a cargo vessel is a risk to the 
cargo carried and direct and/or indirect participants. In addition 
to the ship’s crew, the people that may suff er are participants 
of the other modes of transport (road and rail passengers, 
pedestrians). Szczecin Waterway Junction comprises eight bridge 
crossings which, as historical data show, are most vulnerable to an 
occurrence of a dangerous event. It seems purposeful to increase 
the level of safety at these points, to eliminate risk of transport 
disaster, which could impede the transport processes in Szczecin. 
In order to do so, the existing aids to navigation can be utilized. 
Inland Shipping Offi  ce has 31 CCTV cameras installed on most 
Odra bridges from the village of Ognica to the  river mouth at Lake 
Dąbie. To implement  comprehensive use of video surveillance of  
inland waterway vessels, it is necessary to develop new methods 
of analysis, which will include vessel movement parameters and 
water area parameters. An additional argument for using video 
cameras for this purpose is a possibility of displaying the situation 
around the vessel as real images, unlike ECDIS or AIS off ering 
only 2D graphic representation. Th e third dimension is important 
if we consider a specifi c situation such as vessel’s transition under 

a bridge span, where the ship’s air draft  is vital safety information 
for this type of manoeuvre [9]. Risk management is a complex 
process, oft en burdened with much uncertainty. Th e magnitude 
of possible accident consequences requires that risk management 
should be implemented with great care and the use of all available 
modern methods and measures. Th e lack of legal regulations in 
the area of risk management aimed at Polish inland waterways 
leads to obvious lack of information on that issue and creates 
diffi  culties in estimating the current level of risk and potential 
reduction of safety. Safety management should fi ll the gap in 
Polish publications on risk management in inland waterways and 
trigger a debate on regulations addressing this important area of 
human activity.

Bibliography 

[1] No Title, 2017. [Online]. Available: http://www.ris-odra.pl. 
[date of access: 31.07.2017]

[2] Urząd Żeglugi Śródlądowej. [Online]. Available: http://www.
szczecin.uzs.gov.pl [date of access: 31.07.2017]

[3] JERZYŁO P.: Modelowanie strumienia ruchu środków 
transportu śródlądowego w delcie Wisły – analiza dostępnych 
połączeń transportowych, TTS Tech. Transp. Szyn., vol. 12, 
2015, pp. 724–729

[4] Ministerswo Infrastruktury, Rozporządzenie Ministra 
Infrastruktury z dn. 28 kwietnia 2003 r. w sprawie przepisów 
żeglugowych na śródlądowych drogach wodnych 2003.

[5] Ministerswo Infrastruktury, Rozporządzenie Ministra 
Infrastruktury z dnia 22 stycznia 2002 r. w sprawie 
szczegółowego trybu postępowania w związku z wypadkami 
żeglugowymi na śródlądowych drogach wodnych 2002.

[6] SOBKOWICZ P.: Th e usefulness of River Information Services 
data to assess the probability of a collision by inland vessels 
navigating under bridges on the Odra River, Sci. Journals 
Marit. Univ. Szczecin, vol. 46, no. 118, 2016, pp. 155–162

[7] ORYMOWSKA J., SOBKOWICZ P.: Navigational safety of 
inland vessels in the Międzyodrze and Szczeciński Węzeł 
Wodny area, Sci. Journals Marit. Univ. Szczecin, vol. 49, no. 
121, 2017, pp. 93–99

[8] JERZYŁO P.: Zarządzanie bezpieczeństwem żeglugi. Gdańsk: 
Politechnika Gdańska, Wydział Inżynierii Lądowej i 
Środowiska, 2016

[9] KUJAWSKI A.: Implementation of chosen methods for 
detecting and tracking objects on the videos in inland 
navigation, Logistyka, 2014, vol. 6

[10] Th e accident register of Inland Waterway Shipping Offi  ce



K. KIJEWSKA, S. IWAN, M. NÜRNBERG, K. MAŁECKI

23Volume 11 • Issue 4 • November 2018

TelematicsTelematics
Transport SystemTransport System

Archives of Volume 11 

Issue 4

November 2018

Telematics Tools as the Support for 
Unloading Bays Utilization

K. KIJEWSKAa, S. IWANa, M. NÜRNBERGa, K. MAŁECKIb

a MARITIME UNIVERSITY OF SZCZECIN, Faculty of Economics and Engineering of Transport, H. Pobożnego 11, 
70-507 Szczecin, Poland

a WEST POMERANIAN UNIVERSITY OF TECHNOLOGY, Faculty of Computer Science, Piastów 17, 70-310 
Szczecin, Poland

EMAIL: k.kijewska@am.szczecin

ABSTRACT
Unloading bays are one of the most popular and simple to implement measures in city logistics systems. Th e main 
strength of this measure is that it eff ectively reduces congestion eff ect due to that loading or unloading operations are 
realize in special area and not infl uence directly on traffi  c fl ow. However, the most important problem in utilization of 
unloading bays is their inappropriate use (as a normal parking space, not only for delivery vehicles during the delivering 
process) and the confl icts between users in the case of few deliveries at the same time and with utilization of the same 
unloading bay. Th e way to solve these problems is implementation of the telematics tools. Th e paper is focused on 
examples of utilization of mobile devices and sensors as the support for the unloading bays booking and use.

KEYWORDS: unloading bays, city logistics, effi  ciency, mobile devices, traffi  c detection, vehicle sensors  

1. Introduction

About 70% of energy is consumed and about 80% of greenhouse 
gases are produced in urban areas (ISPRA 2008). Road transport in 
the city is responsible for consumption of 32% of energy, 40% of CO2 
emissions and the production of 70% of other pollutants. According 
to the data of the Polish Central Statistical Offi  ce, the transport 
sector in Poland is responsible for the emission of over 28% of nitric 
oxide, over 27% of carbon monoxide emissions and over 15% of 
particulate pollutants. One of the key transport problems in the city 
is transport congestion, understood as the overfl ow of the transport 
network and means of transport resulting from exceeding their 
capacity or its shortage [10].

Some of the above mentioned eff ects may be perceptible on 
a local scale (e.g. noise), whereas for example greenhouse gas 
emissions aff ect a larger area for a longer period. An important 
factor aff ecting the scale of the impact of the indicated eff ects or 
their spread is the population density of the city. Fig. 1 depicts 
the interdependencies between urban transport features and its 
negative eff ects.

Fig. 1. Interdependence between urban transport features and its 

negative eff ects [2]

Distribution of goods in cities aff ects primarily the health 
of residents, noise and environmental pollution, safety and the 
occurrence of congestion [17]. Every year, the European economy 
loses about 1% of GDP as a result of overcrowding of urban roads, 
which results in lengthening the travel time. It should also be noted 
that despite the low share of delivery vehicles in accidents, their 
eff ects are very serious and oft en result in death or serious injury. 
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Freight transport emits a significant portion of air pollution both 
on a global and local scale resulting in a reduced quality of the 
natural environment in urban areas. On the other hand, emission 
of pollutants directly translates into the health of residents [16]. 
Increasing environmental pollution is responsible for generating 
about 70% of carcinogenic and dangerous substances in the air 
[16]. It should be emphasized that urban freight transport generates 
twice as much external costs in this scope as passenger transport, as 
shown in Table 1 on the example of Italian cities.

Table 1. Percentage share of external costs per passenger and 

freight transport[16]
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Passenger 
transport

1,17 4,84 2,62 5,44 4,38 18,17

Cargo 
transport, 
including:

1,75 24,81 5,31 0,3 10,79 44,17

light 
transport

0,71 9,94 2,39 0,2 4,17 18,66

heavy 
transport

1,2 14,87 2,92 0,1 6,62 26,28

Residents of urban agglomerations are exposed to 
communication noise almost all the time. People are constantly 
exposed to noise while working, learning, shopping, moving 
between many points throughout the day. Car engines, squealing 
tires, sound of horns, signals of emergency vehicles causes – 
people cannot hide from the noise even in their houses, especially 
if they are located in the city center on the main road arteries. 
Traffic noise affects the quality of sleep, rest and work. It may also 
lead to neurotic states. Being in constant noise leads to systematic 
impairment of hearing (www.halas.wortale). The consequence of 
chronic noise is e.g. the development of cardiovascular diseases, 
e.g. ischemic heart disease (share.pdfonline.com) .The noise from 
40 to 60 and more decibels leads to hearing damage. In summary, 
it is possible to identify three basic points of influence of urban 
freight transport [13]:

1. people, traffic accidents, excessive noise, pollution of the 
environment, resulting in a deterioration of the health of urban 
residents;

2. profits, especially felt by carriers due to limited access to 
designated places at certain times, congestion delaying delivery 
or fees for environmental pollution;

3. planet, e.g. the impact of pollution on global warming.

An uncontrolled increase in the number of vehicles in urban 
areas contributes to inefficient distribution of goods resulting even 
from the lack or improper use of places for loading and unloading. 
In everyday situations, deliveries to commercial, service or HoReCa 
points are carried out by delivery vehicles stopping directly on lanes, 
generating road jams, which is particularly noticeable during peak 
hours.

Although the delivery of goods to city centers often with 
historical buildings is necessary to maintain the economic and social 
functions of cities, delivery vehicles in many places in the urbanized 
area are struggling with the lack of infrastructure necessary for proper 
functioning such as lack of parking spaces for loading or unloading. 
Even where such places exist, they are often occupied illegally by 
other vehicles. Therefore, drivers are forced to park their delivery 
vehicles on roads, causing disruptions to traffic and reducing safety.

From the point of view of environmental protection, business 
operation and road flow and safety, it is best for delivery vehicles 
to avoid blocking lanes, as well as to reduce the waiting time for 
a parking space in order to carry out loading and unloading. For 
this purpose, it is advisable to propose a service enabling booking 
of parking spaces before reaching the place of delivery.

2. Unloading bays as a measure 
supporting urban deliveries 
realization

2.1. The utilization of unloading bays

The unloading bays are one of the most popular and simple 
solutions supporting the functioning of sustainable urban freight 
transport. This measure aims to reduce congestion on busy city 
streets, which often results from parking directly on the lane of 
delivery vehicles for the time of loading and unloading operations. 
After designating special bays for unloading operations, traffic 
flows smoothly, thus avoiding the consumption of additional 
energy and fuel, environmental pollution, time losses and costs 
incurred as a result of stops in road congestion. The most important 
strength of this solution is therefore the impact on limiting 
transport congestion, and thus the perceived reduction of pollutant 
emissions. As the research conducted in French Bordeaux showed, 
the implementation of unloading bays reduced CO2 emissions by 
as much as 40 kg per day [14]. In addition, the analysis carried 
out in Szczecin showed that the drivers of delivery vehicles travel 
an average of about 1.8 km more in order to find a parking space 
or also stop vehicles on lanes. Similar research conducted in Oslo 
showed that the distance traveled by drivers to find a parking space 
for the implementation of unloading operations is even 2 km [6].

The need to establish unloading bays was also the subject of 
research conducted in Shanghai [8]. The authors presented a discreet 
model for estimating the demand for using unloading bays. In [1] 
their influence on the phenomenon of congestion was investigated. 
The authors proposed a method for determining the optimal size 
and location of unloading bays. The conclusions from the previous 
research presented in [12] also confirm the need to establish 
unloading bays in the context of delivery vehicle drivers’ time. 
In addition, in a model was developed to determine the optimal 
location of loading/unloading places in relation to the delivery cost 
category. Compliance with the schedule, delivery time and use of 
unloading points, taking into account their purposefulness, both 
from the point of view of truck drivers and other road users, is 
provided in [9]. Interesting research results are presented in [7]. On 
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the basis of surveys, observations and indications of GPS systems, 
it was found that unloading bays are utilized not only by delivery 
vehicles. Th ey are utilized by taxis (8%), private cars (18%) and other 
company vehicles (17%). Studies have shown that only slightly more 
than 50% of vehicles using unloading bays were delivery vehicles.

2.2. The strengths and weaknesses of 
unloading bays

Th e main strength of unloading bays is that they eff ectively 
reduce unloading or uploading time for freight vehicle drivers, 
thus ensuring active use of the loading slots. Also, the costs for 
setting up the loading slots are very low so that this is a very cost 
eff ective measure for the municipality. Furthermore, freight vehicle 
drivers will also support the measure because it immediately 
improves their unloading operations. Finally, local residents and 
passenger car users also benefi t because there will be less or no 
congestion due to ‘double parking’ of freight vehicles on the streets 
when unloading goods. Based on the results of C-LIEGE project, 
the elimination of parking search traffi  c has a signifi cant eff ect on 
freight vehicle kilometers – both in absolute and relative terms. 
Th e reductions of pollutant emissions are also very signifi cant, 
namely 29%. Th is also has to do with the fact that the shopping 
area served by the unloading bays is only shopping and services 
cluster, thus any improvements here aff ect all retail and services 
freight traffi  c [3]. 

A potential weakness identifi ed for the measure is that parking 
space is taken away from passenger traffi  c, which would reduce 
the popularity of the measure for residents. However, this might 
be compensated by the noticeable improvements for residents 
and passenger car users of the street due to the reduced traffi  c 
congestion by this measure and in particular the reduction of 
the ‘habit’ of parking freight vehicles on the street for loading or 
unloading them. 

Th e particular impact of unloading bays depends on how 
effi  ciently the loading bays are utilised, i.e. if it can be ensured 
that freight vehicle drivers do not have to wait in the street due 
to occupied loading bays or do not resort to ‘traditional’ parking 
in the street. If freight vehicle drivers do not ‘park’ in the second 
row, they need to drive further in search for a suitable parking 
space, which again creates further pollution and costs. Th ere are 
opportunities for further enhancing this measure. For example 
it seems appropriate that the municipality develops specifi c 
regulations for the use of these and future unloading slots. 
Furthermore, a booking system could be installed that would 
allow drivers to book the loading slots for particular times – or to 
fi nd out the current status of a particular slot and when it will be 
free again. Lastly, the measure could be easily expanded to cover 
more streets in the city center with a high volume of commercial 
freight traffi  c.

2.3. Utilization of unloading bays – the 
Szczecin analysis

One of the biggest problems associated with the utilization 
of unloading bays is the fact of their incorrect use as ordinary 

parking spaces. For the purpose of this study, observation of the 
use of unloading bays located in Szczecin, at ul. Jagiellońska on the 
section from al. Wojska Polskiego to pl. Zamenhofa and from pl. 
Zamenhofa to Śląska Street (Fig. 2) was made.

Fig. 2. Location of the analyzed unloading bays in Szczecin

[own study]

Th e location of unloading bays at ul. Jagiellońska is dictated by 
a signifi cant number of deliveries generated by business entities 
operating in this area. Th ere are a total of 518 entities, including 
285 commercial, 185 service, 28 HoReCa and 18 production 
entities. Section of ul. Jagiellońska from al. Wojska Polskiego to ul. 
Śląska is crossed by the pl. Zamenhofa, at which Księcia Bogusława 
X pedestrian street is not used for public transport. In order to 
carry out orders for entities located on the promenade drivers of 
delivery vehicles are most likely to use the parking spaces at ul. 
Jagiellońska.

In the analyzed period, a total of 57,728 wheeled vehicles 
were identifi ed on both sections. Detailed data broken down by 
vehicle category is given in Table 2 (from al. Wojska Polskiego to 
pl. Zamenhofa) and Table 3 (from pl. Zamenhofa to ul. Śląska). 
Traffi  c intensity studies were carried out in three-week periods; 
data included in the tables are average results.

Table 2. The number of vehicles identifi ed on the section from al. 

Wojska Polskiego to pl. Zamenhofa [own study]

Day
Passenger 

cars

Delivery 

vehicles / 

light trucks

Large 

trucks

Delivery 

vehicles / light 

trucks from 7 

am to 4 pm

Monday 5676 195 71 170

Tuesday 5563 240 107 155

Wednesday 5484 336 162 288

Thursday 5364 442 133 358

Friday 5339 476 159 390

Total per 
vehicle 

category
27426 1689 632 1361
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Table 3. The number of vehicles identifi ed on the section from pl. 

Zamenhofa to ul. Śląska [own study]

Day
Passenger 

cars

Delivery 

vehicles 

/ light 

trucks

Large 

trucks

Delivery 

vehicles / light 

trucks from 7 

am to 4 pm

Monday 5471 187 19 158

Tuesday 5146 423 28 340

Wednesday 5478 315 33 246

Thursday 5193 363 47 294

Friday 4829 374 75 278

Total per 
vehicle 

category
26117 1662 202 1316

Th e study showed that the largest volume of traffi  c for delivery 
vehicles falls on hours from 7 to 16 (about 80% of all vehicles). For 
this reason, the analysis of the utilization of unloading bays was 
carried out at these hours. Tables 4 and 5 summarize the observation 
results for one week of study.

Table 4. The number of vehicles stopping at the unloading bay on 

the section from pl. Zamenhofa to ul. Śląska by category 

[own study]

Day of the 
week

Vehicles stopping at the unloading bay

passanger 
cars

delivery 
vehicles

total

Monday 15 8 24
Tuesday 15 9 26

Wednesday 17 8 25
Thursday 17 7 26

Friday 13 8 21

Table 5. The number of vehicles stopping at the unloading bay on 

the section from al. Wojska Polskiego to pl. Zamenchofa 

[own study]

Day of the 
week

Vehicles stopping at the unloading bay

passanger 
cars

delivery 
vehicles

total

Monday
13 8 21

Tuesday
8 3 11

Wednesday
11 8 19

Thursday
13 7 20

Friday
14 8 22

As the observations showed, the stopover time in the unloading 
bays ranged from 8 to 20 minutes. It was also observed that only 
from 5 to 10 minutes the bays remained empty. During the period 
considered, it was shown that delivery vehicles accounted for 27% 
to 39% of all vehicles stopping in unloading bays.

Interviews with 60 drivers of delivery vehicles (including 
those working for courier companies) were also conducted. 40% 
of them declared that they occasionally use unloading bays. As 
they emphasized, the reason for this is that most of the time these 
spaces are occupied by passenger cars. Th e remaining respondents 
claimed that always at the time when they deliver, unloading bays 
are occupied by passenger vehicles, thus making it impossible to 
use them as intended. 6% of respondents declared that they happen 

to block a passenger car in the unloading bay, thus blocking the 
lane.

Th e reason for this is the lack of supervision by order units 
over the types of cars stopping at places designated for unloading 
and loading. It should also be added that due to the lack of data 
on the route of vehicles, the actual demand for unloading places 
cannot be determined. 

4. The examples of utilization of 
telematics based solution in 
supporting of unloading bays 
eff ectiveness

Telematics tools could help to solve this problem and make 
the unloading bays utilization much more effi  cient [4]. Telematics 
systems are spatially arranged physical information systems with 
dedicated functionality that, using communication capabilities, 
enable the recipient to provide designed services. Th e general 
principle of operation of telematics systems is the collection, 
processing, transmission and analysis of data within three functional 
subsystems: 

• data acquisition subsystem,
• data processing and communication subsystem,
• content presentation subsystem for users.

Th e scheme of telematics system supporting unloading bays 
utilization is shown in Fig. 3.

Fig. 3. Scheme of telematics system supporting unloading bays 

utilization [own study]

Th e data acquisition subsystem, the task of which is to support 
the eff ective utilization of unloading bays, in this case should 
provide real-time information on the status of the unloading bay 
and the demand for bays submitted by stakeholders. Data on the 
bay utilization can be collected using a wide range of sensors, 
ranging from inductive, magnetic or contact sensors, which provide 
information only about space occupancy, ending with video or RFID 
sensors allowing identifi cation of the vehicle, and therefore also on 
access control to the bays, if it is one of the system’s functionalities.

In the case of systems in which registration of each user is 
required, it is possible to use a GPS locator. Booking of a specifi c 
time of using the unloading bay should be reported online by 
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entities using the system. Th ese entries via the dedicated website 
or application go to the data processing subsystem.

In fact, the data processing subsystem is an algorithm that 
takes into account the demand declared by users (vehicle route, 
loading and unloading times) and the assumptions of local 
transport policy, e.g. preferences for electric vehicles, or allocation 
of time slots for some groups of goods in specifi c locations.

Th e content presentation subsystem for users is extremely 
important. Due to the fact that the current mobile devices 
(smartphones, tablets) allow for almost unlimited data transfer 
capabilities in real time, the most convenient solution seems to be 
creating an application presenting the content in a form adapted 
to the type of recipient. Other information will be needed by the 
driver, operating in the urban space, and the dispatcher planning 
the transport. Local presentation of content, e.g. using VMS, may 
prove to be late and ineff ective, because the presence of a vehicle in 
the vicinity of a busy bay is associated with traveling an additional 
distance in search of a free space, or occupying a lane, which was 
intended to be avoided. It seems to be extremely important to 
integrate the management tools of the unloading bays with other 
ITS systems listed below.

Th e example of Barcelona proves the eff ectiveness of telematics 
solutions in relation to the eff ectiveness of the unloading bays. As 
a part of the NOVELOG project, an AREADUM unloading bays 
booking system (Fig. 4) was presented, based on the use of 9,000 on-
street unloading area parking spaces for entities carrying out freight 
deliveries [11]. Aft er the pilot period (March - November 2015), 
the mandatory use of a system for monitoring the use of space 
in unloading bays was introduced. Th e system was based on an 
application available for smartphones. Users install the application 
on the terminal device and register in the system, obtaining an 
individual identifi er. Th e location of the vehicle is carried out using 
the smartphone’s GPS receiver. Th e assumption of the system is to 
limit the parking time in the unloading bay to 30 minutes. Aft er 
the place is occupied, the user selects the parking option in the 
application and sends it to the system via the cellular network. Aft er 
the permissible time (30 minutes) has elapsed, the user is notifi ed 
by the application that he must leave the bay and then, by means 
of the application, he reports to the system that the he leaves the 
parking space.

Fig. 4. Utilization of AREADUM system in Barcelona [11]

Th e benefi ts reported by the system operator, Barcelona de 
Serveis Municipal, include primarily:

• optimizing the use of public space and strengthening the 
image of the city as a „smart city”,

• reduction of about 20% of the time of searching for a place for 
unloading, reduction of improper use of unloading bays and 
improvement of air quality in the city and noise reduction,

• possibility of managing the unloading space based on the 
collected data on the time and location of logistic operations.

Since the pilot implementation of the telematics system in 
the third month, the number of unloading operations registered 
was 254 thousand / month, while at the time of introduction of 
mandatory use of the system - 502 thousand / month. In the third 
month of the system’s operation, 1763 thousand operations were 
registered. It is worth noting that about 85% of them are made 
using the application, the reaming using SMS.

5. Conclusion

In recent years, along with the development of information 
and communication technologies, many solutions have been 
developed to support the operation of urban freight transport, 
based on the use of transport telematics and intelligent transport 
systems. A great example are systems supporting the unloading 
bays utilization. Th is solution is, by its nature, extremely useful 
and allows to limit the negative impact of freight transport on the 
urban environment. In addition, it is characterized by a relatively 
low cost-intensive nature and does not require complicated 
implementation procedures. However, its eff ectiveness depends 
mainly on the way the bays are utilized. Th ey are oft en used by 
vehicles as regular parking spaces, which makes them completely 
lose their usefulness. Telematic systems allowing for supervision 
over the unloading bays and informing municipal services about 
their unauthorized utilization seem to be an indispensable element 
of the whole system.
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ABSTRACT
Description of dynamics occurring during the passage of a rail vehicle is a complex problem, and their mathematical 
relations are considered in several different aspects such as: interaction of normal force on a beam with fixed and 
variable cross-section, body, trolley and wheelset displacement and consideration of wheel-rail contact and other 
phenomena occurring in the contact surface, which include adhesion and creepage. The article presents the effects 
of work on the issues of normal force at the contact point of the wheel and rail. A mathematical model describing 
the dynamics of a rail vehicle was defined, determining the normal, transverse and longitudinal force appearing in 
the wheel-rail contact zone. Variations in the value of the normal force exerted by the wheelset on the rail are the 
quantity on which the parameters occurring in contact between the wheel and the rail depend. The obtained results 
from computer simulations show that the normal force is a variable parameter depending on the sign and magnitude 
of forces occurring between individual blocks of the rail vehicle during the movement. The results obtained will be 
used in further scientific work devoted to the contact problems.

KEYWORDS: rail vehicle dynamics, normal force, transport, railways

1. Introduction

Modeling of dynamic phenomena occurring during the 
motion of rail vehicle on the track is a very difficult task due to the 
complexity of mathematical equations describing the dynamics of a 
complete rail vehicle and the complicated shape of rolling profiles 
of wheels and rails should be taken into account. There are several 
packages that give you the ability to calculate forces occurring in the 
contact surface, non-linear contact stresses such as MSC MARC, 
ANSYS, MSC ADAMS and others. However, this program requires 
that during the construction of the model, give it initial conditions 
(in an unloaded state) for which the wheel and rail are in contact. 
Finding this point or several points of contact between the cross-
sections of the wheel and rail is difficult due to the geometry of this 
system, if for new profiles this task can be done in CAD programs, 
this is a problem for the used ones [1, 2, 3]. 

The next problem in modeling is the task of forces acting on 
the system. In case of one load, this is a simple matter, it is modeled 
by setting the center of the rail at the point falling on the center of 
the wheel rolling circle, while in the case of two forces, i.e. vertical 
and lateral, the matter is more complicated, because depending 
on the lateral force acting on the wheel changes location of the 
contact zone so that it is impossible to include this phenomenon 
in CAD programs. The article presents the variation of normal 
force. In many papers, e.g. [1], it was a question of determining 
various quantities describing not only the movement of the 
whole vehicle, but also its components (body, bogies, wheelsets). 
These considerations are carried out using analytical methods of 
deriving the equations of motion for models with a large number 
of degrees of freedom using specialized computer programs. The 
dynamic phenomena are then simulated for the cooperation of the 
wheel (wheel set with rail).
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Determining the working conditions that they are subject to 
while driving is a diffi  cult issue, because during movement they 
adopt disturbances from the track, both in the vertical direction 
and in the transverse direction. Wheelsets are exposed to variable 
forces occurring in two planes: vertical and transversal. Th is is an 
important element due to the need to know the forces that cause 
contact between the wheel and the rail. In many works, normal 
force is assumed as a constant resulting from the weight of the 
wagon. In the process of operation, wheelsets and mainly their 
rolling profi les are subject to abrasive wear. Th e main cause of this 
wear is the stresses occurring in the contact zone of the wheel and 
rail and the accompanying plastic deformations. Th e Universal 
Mechanism (UM) program was used to investigate the dynamics 
of the wheelset of a wagon in this work. In the UM program for the 
locomotive model, normal forces acting on the wheel during the 
passage of the rail vehicle on the straight track were determined. 
Based on the proposed methodology, contact stresses and plastic 
deformations in the contact zone for the diff erent position of the 
wheel relative to the rail and for the designated normal forces were 
determined [4, 5]. 

2. Mathematical model of a rail 
vehicle

In mechanical models describing the vehicle’s interaction 
with the track, the vehicle elements are assumed as rigid solids: 
the body of a passenger or goods wagon, a bogie and a wheel set, 
which are characterized by masses and moments of inertia. All the 
elements mentioned above, considering the susceptible elements 
(connecting these solids), will refl ect the real behavior of the rail 
vehicle moving on the railway track. Compliance between solids 
in a rail vehicle is generally accepted as linear elements.

Assumptions which should be followed when creating a 
mathematical model can be presented in a block diagram (Figure 
1), and its implementation requires the following assumptions [16]:

• Normal force occurring on the bus will be a variable value and 
will be determined from the previous step of mathematical 
calculations carried out for specifi c train parameters (spacing 
of wheelsets and bogies).

• Th e railway track was modeled as the Euler-Bernoulli beam, 
on which the turning of the wheel with the speed v takes place 
(the motion on the track and turnout  was considered).

• Th e contact between the rolling faces of the wheels and the 
heads of the rails is defi ned on the basis of the Kalkera linear 
theory (determining ellipsis with axes a and b).

• In the wheel-rail contact area, the Coulomb kinetic sliding 
friction is taken into account with constant coeffi  cient of friction.

• In the dynamics of vehicle motion along the track, such 
phenomena as: adhesion, creepage and material wear of the 
wheel and rails were also taken into account.

• In the considered model, the possibility of occurrence of two 
contact ellipses occurring as a result of two-point rolling of 
the wheel on the rail was taken into account. 

• Th e rail vehicle will consist of the following rigid solids: body, 
two bogies, four wheelsets (Figure 2).

• Variables appearing in the description of the dynamics of a 
moving object with the index p refer to the body, the variables 
of the bogie are marked with the index w, the letter z denotes 
the variables of the wheelset.

• Suspension elements of the fi rst second stage were assumed as 
linear for all adopted coordinates [6, 8].

Fig. 1. Block diagram of generating a dynamic track vehicle-rail 

model [own study]

Th e body together with the bogie defi nes fi ve degrees of freedom 
(DOF); displacements of the body and bogie in the direction of the 
y and z axes, marked as ; and the rotation of mentioned components 
around all three axes (x, y, z) is defi ned by [7]:

(1)

Each wheel set is described by three degrees of freedom, 
displacements in all three directions are marked by.

Fig. 2. Degrees of freedom of the track vehicle-rail components 

[own study]

Equations of constraints, which caused a decrease in the 
number of degrees of freedom, can be found in paper [1].

Based on the above assumptions, the nominal model has been 
developed shown in (Fig. 3,4,5).
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Fig. 3. Nominal model of track vehicle-rail (view in the longitudinal 

direction)

Fig. 4. Nominal model of track vehicle-rail (view in transverse 

direction)

Fig. 5. Nominal model of track vehicle-rail (bottom view)

Th e equations of motion were derived using the Lagrange 
equations of the second type. 

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

Simulations of the determined mathematical model were 
carried out for various speeds of a moving rail vehicle (passenger 
train). To describe the phenomena in contact with the rail, a 
linear theory of Kalker was used. Simulations were carried out for 
the straight track and for traffi  c on a stock rail and closure rail. 
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Simulations were carried out on the part of the turnout where 
the switch point is located. The switch point was considered as a 
system with variable stiffness and variable moment of inertia and 
a radius of 1200 m. Details of these considerations can be found 
in paper [2]. 

3. Simulations

The simulations were performed using the parameters 
obtained from paper [7].

Tab 1. Parameters of a rail vehicle used in computer simulations 

[own study]

Parameters of the rail vehicle used in computer simulations

Quantity Value Denomination

Body weight 42 400 [kg]

Torque of inertia of the body  7,06 e5 [kg·m2]

Moment of inertia occurring between 
body connectors 2,27e6 [kg·m2]

Torque of inertia of the body defined 
in the axis of rotation φ 2,08e6 [kg·m2]

Weight of the bogie 3 100 [kg]

Torque of inertia of the bogie 5 045 [kg·m2]

Moment of inertia occurring between 
the bogie connectors 2 806 [kg·m2]

Torque of inertia of the bogie 
determined in the axis of rotation φ 2,247 [kg·m2]

Weight of the wheelset 1 850 [kg]

Torque of inertia of the wheelset 717 [kg·m2]

Torque of inertia of the wheelset 
determined in the axis of rotation φ 717 [kg·m2]

Half of the longitudinal stiffness of the 
secondary suspension 1,45e5 [N/m]

Half of the transverse stiffness of the 
secondary suspension 2,05e5 [N/m]

Half of the vertical stiffness of the 
secondary suspension 1,48e5 [N/m]

Half of the longitudinal damping of 
the secondary suspension 3,43e5 [Ns/m]

Half of the lateral damping of the 
secondary suspension 2,45e4 [Ns/m]

Half of the vertical damping of the 
secondary suspension 3,16 e4 [Ns/m]

Half of the longitudinal stiffness of the 
primary suspension 2,80e7 [N/m]

Half of the transverse stiffness of the 
primary suspension 2,80e7 [N/m]

Half of the vertical stiffness of the 
primary suspension 2,80e7 [N/m]

Half of the lateral damping of the basic 
suspension 1,77e4 [Ns/m]

Vertical distance between the center 
of the body mass and the secondary 

suspension
1 100 [m]

The vertical distance between the 
secondary suspension and the center 

of gravity of the bogie 
0,100 [m]

Vertical distance between the center 
of gravity of the bogie and the primary 

suspension
0,270 [m]

Half of the transverse distance 
between the primary suspension 0,813 [m]

Half of the transverse distance 
between the secondary suspension 0,978 [m]

Half of the distance between the axles 
of the bogie 1 350 [m]

Half of the distance between the 
centers of gravity of the body 8 750 [m]

Rated radius of the wheel rolling 0,430 [m]

The simulations were carried out in the Matlab and Uniwersal 
Mechanics environment.

To analyze the change in contact parameters, the change of 
normal forces for different conditions and speeds was determined.

Determining the values of normal forces and pressure 
distribution in the contact zone of the rail with the wheel is 
complicated primarily due to the non-linear surface of the rail head. 
The Finite Element Method was used to solve this problem. The 
essence of this method is the conversion of a continuous real object 
into a discrete model, in which a finite number of connectors is 
extracted, on the basis of which a finite number of finite elements is 
built. Connectors are assigned appropriate properties that uniquely 
determine their displacements and the features of the modeled 
object. The boundary and initial conditions are imposed on the 
connectors, which is the basis for solving the object traffic equation. 
Currently, Finite Element Method is an accepted standard in solving 
tasks in the field of continuum mechanics [9, 10, 11]. 

3.1. Determination of normal force for a rail 
vehicle passing through a straight track 

The continuous geometric model depicting the wheel-rail 
contact model has been digitized with solid finite elements with a 
linear shape function. The discreet model of the test object is shown 
in Figure 5. The boundary-initial conditions were imposed on the 
discrete model: the rail foot was immobilized (translational and 
rotational degrees of freedom were removed), and a concentrated 
force was applied to the wheel axis corresponding to the weight 
of the transport cart together with the load per one wheel with a 
value: 12 [kN], 13 [kN], 17 [kN] and 22 [kN]. Dynamic analysis 
was also carried out for various rail vehicle speeds v = 100 [km/h], 
180 [km/h] and 220 [km/h].
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Aft er performing numerical calculations and analytical 
calculations using the Kalker’s formulas for a given case, the maximum 
contact pressure was determined. Based on the analyses carried out, 
conclusions were developed [13, 14, 15].

Fig. 6 and 7 show the change of normal forces of wheel transition 
from rail to turnout switch point 1200 [m] at speeds 230 [km/h] and 
350 [km/h].

Fig. 6. The waveform of the normal wheel transition force from the rail 

to the switch point at the speed [v = 230 km / h] [own study]

Fig. 7. The waveform of the normal wheel transition force from the rail 

to the switch point at the speed [v = 350 km / h] [own study]

Th en, simulations of the passage through the switch point on 
the stock rail and closure rail for various speeds were performed. 
Th e quantities of these forces will be used to determine the contact 
areas between the wheel and the rail and the switch point.

In order to assess the impact of construction parameters of the 
wagon model on the forces acting on the wheel while in motion on 
the track with modeled continuous irregularities, the average value 
from fi ve maximum values of force (vertical or transversal), read 
from the obtained graphs, was used for the analysis. Th e obtained 
results regarding the magnitude of transverse and vertical forces 
acting on the railway wheel were included in [1]. 

Th e magnitudes of forces acting on the wheel determined in 
this way allowed to estimate the real values of variation of normal 
force occurring in the wheel-rail contact surface for the case of 
passing the rail vehicle on the straight track and railway turnout. 
On the basis of assigned forces, using the Kalker linear theory, 

the contact areas were determined on the switch point and at the 
transition of the wheel from the rail to the switch point. 

Fig. 8. The vertical force of the wheelset on the switch point in the 

closure rail [own study]

Fig. 9. The vertical force of the wheelset on the switch point in the 

stock rail [own study]

Fig. 10. The waveform of the normal force determined for the right 

and left wheel of the wheel set at the speed of 15 [m / s] [own 

study]
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Fig. 11. The waveform of the normal force determined for right and 

left wheel of the wheel set at 20 [m / s] [own study]

3.2. Determination of normal force for a rail 
vehicle passing through the railway 
turnout  

Model tests are used both during the search for new solutions in 
transport as well as in existing vehicles. Requirements for increasing 
the speed of travel, tonnage of transported cargo and improving 
the conditions of transport apply to existing vehicles. Th ey enforce 
the necessity of resolving the problem of wheel cooperation control 
and maintaining vehicle stability in various working conditions. 
Simplifi ed track models are no longer suffi  cient. Th e complexity of 
phenomena accompanying the wheel - rail contact induces the need 
to build complex track models, since the forces generated at the 
interface between these elements strongly aff ect the dynamic behavior 
of the entire rail vehicle. Th is fact is particularly important in the case 
of passing a rail vehicle through a specifi c section of track, which 
is a railway turnout. Simulation tests were also carried out for the 
mentioned railway infrastructure component. Due to the complicated 
procedure of defi ning the track surface in turnouts, to determine 
the contact forces in the turnout arch, it was decided to choose only 
an ordinary turnout, which is one of the common turnouts used in 
high-speed rail with a radius greater than 1000 [m]. In the fi rst step, it 
was necessary to create a model that was supposed to map the actual 
track surface with the required accuracy. Th e geometry of the turnout 
was created in the Uniwersal Mechanics program. According to the 
developed methodology of determining the point of contact in the 
impact of the wheel - rail for the construction of the rail surface, it 
is necessary to defi ne the track line and profi le of the rail section. 
Dynamic phenomena occurring at the interface between the wheel 
and the rail in the case of passing the vehicle through the turnout 
are much more complicated than when driving on straight tracks or 
in arches. As a result of continuous changes in the profi les of railway 
rails and discontinuities in the area of   the switch point and crossing, 
there is a multipoint contact generating impulsive forces with a wide 
range of constraints [5].

Fig. 14-17 shows the change of the contact surface depending 
on the change in nominal force and its disturbances. Th e presented 
results show that the contact surfaces change depending on the 
oscillation of the normal force. Th ese quantities can be used to 
study the wear processes of both the wheel and rail, especially in 
the area of the switch point.

Fig. 12. Contact surfaces occurring on the switch point in case of 

normal force of 12 kN [own study]

Fig. 13. Contact surfaces occurring on the switch point in case of 

normal force of 15 kN [own study]

Fig. 14. Results from numerical computer simulations carried out 

in the Matlab environment; The variation waveform of the 

contact ellipse for normal force N = 12 [kN] [own study]



J. KISILOWSKI, R. KOWALIK

35Volume 11 • Issue 4 • November 2018

Fig. 15. Results from numerical computer simulations carried out 

in the Matlak environment; The variation waveform of the 

contact ellipse for normal force N = 13 [kN] [own study]

Fig. 16. Results from numerical computer simulations carried out 

in Matlab environment a) The variation waveform of contact 

ellipse variation for normal force N = 17 [kN] [own study]

Fig. 17. Results from numerical computer simulations carried out 

in the Matlab environment; The variation waveform of the 

contact ellipse for normal force N = 22 [kN] [own study]

3. Conclusion

Th e paper presents model construction and simulation of 
selected dynamic phenomena occurring between the rail vehicle 
and the track, especially in the area of turnout.

Th e results of normal force simulation show that in the area 
of transition from track to turnout, the normal force increases, 
which results in a change in contact parameters between the wheel 
and the rail, both in qualitative and quantitative terms.

Th e presented results can be used to analyze wear processes, 
especially in areas where there is a large increase in normal force.

Th e presented methodology can be used for various types of 
turnouts. However, it is necessary to obtain geometrical parameters 
and moments of inertia for the switch points of turnouts with radii 
greater than 1200 m.

Simulations were also carried out for lower speeds, but 
normal force increments were low. Aft er comparing the results of 
calculation of analytical contact pressure using the Finite Element 
Method, the following conclusions can be made:

• determination of contact pressure from Kalker’s formulas 
is extremely simple, however, it is possible only for simple 
geometry ranges, when contact surfaces are curvilinear, pressure 
determination requires the use of another mathematical apparatus,

• determination of contact pressure using the Finite Element 
Method makes it possible to determine not only the maximum 
pressure values (as for the Kalker solution), but the entire 
distribution together with the contact area, 

• for the analyzed case, the maximum values of contact pressure 
are greater for the numerical method of their determination, 
therefore the adoption of underestimated values (Kalker’s 
solution) may lead to improper design of the wheels of 
transport bogies. 
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ABSTRACT
The section of the paper on simulation studies presents the application of fractional calculus to describe the 
dynamics of pneumatic systems used in telematics. In the construction of mathematical models of the analyzed 
dynamic systems, the Riemann-Liouville definition of non- integer order was used. For the analyzed model, 
transfer function of integer and non-integer order was determined. Functions describing characteristics in time and 
frequency domains were determined,  whereas the characteristics of the analyzed systems were obtained by means 
of computer simulation. The  section of the paper on laboratory research presents  the results of the laboratory tests 
of the injection system of the internal combustion engine with  special attention to  the verification of simulated tests 
of selected pneumatic systems described with the use of  fractional calculus.
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1. Introduction 

The dynamic development of research in recent years on the 
use of fractional calculus for the analysis of dynamic systems has 
prompted the authors to use it in the analysis and modeling of 
pneumatic systems that have been described so far with “classical” 
mathematical analysis [1, 2, 4, 5, 11, 12, 13, 15, 16].

The authors of the paper have developed a method for describing 
the dynamic properties of pneumatic systems, based on fractional 
calculus which allows to analyze the properties of a wide range 
of pneumatic systems of any order [6, 7, 8, 9, 10]. The simulation 
tests of the membrane pressure transducer, presented in the paper, 
were performed with the use of classical differential calculus and 
fractional calculus. In the construction of the mathematical model 
of the analyzed dynamical system, the Riemann-Liouville definition 
of the differintegral of non-integer order was used. For simulation 
studies, Microsoft Office Excel and MATLAB were used [14]. In the 
laboratory tests, which were the verification of the simulation tests 

of the membrane pressure transducer, the following assumptions 
were made: the analyzed pneumatic systems were modeled 
as a linear system; the pneumatic system was described with a 
transfer function characterizing the dynamics of this system and 
the components contained therein, assuming constant physical 
parameters and omission of aging of its components; an assessment 
was accepted of the dynamic properties of the pneumatic systems in 
terms of amplitude and phase; pneumatic systems with a pressure of 
up to 1MPa were analyzed while operating in the frequency range 
up to 500Hz; with the variability of the thermodynamic parameters 
of the air as a working medium, it can be treated as an ideal gas; 
in the analysis of the pneumatic systems, an adiabatic process was 
assumed whereas the pressure distribution in the whole volume of 
the measuring chamber was homogeneous [7, 8].



ANALYSIS OF DYNAMIC CHARACTERISTICS OF SELECTED PNEUMATIC SYSTEMS WITH FRACTIONAL
CALCULUS USED IN TELEMATICS

© Copyright by PSTT , All rights reserved. 201838

2. Membrane pressure 
transducer 

Simulation tests of the membrane pressure transducer were 
performed using a classical and fractional diff erential calculus. 
Th e tested transducer was made from a pressure chamber and an 
inlet pipe, which supplied a working medium (air). To determine 
how the connection of the intake pipe to the transducer chamber 
aff ected its dynamic properties, the acoustic system shown 
schematically in Fig. 1 is considered [6, 7, 9, 10].

Fig. 1. Pressure chamber with inlet pipe: r,l- tube dimensions, p0- 

input pressure (force), p0 - pressure in transducer chamber [3]

Th e relationship that binds the output signal p (t) (pressure 
inside the chamber) to the signal p0 (t) (pressure at the open end) 
can be represented as:

(1)

Constants occurring in equation (1) can be represented as:

(2a)

(2b)

(2c)

where: r[kgm-3] – density of gas; η[kgm-1s-1] – dynamic 
viscosity; Cp [Ns2m-5] – pneumatic capacity (gas compressibility); 
p(t)[Pa] – pressure in transducer chamber; p0(t) [Pa] – input 
pressure; V[m3] – transducer chamber volume; Lp [m3N-1] – 
pneumatic induction (gas inertia); Rp [Nsm-5] – fl ow resistance; 
c [ms-1] – speed of sound in the gas; r, l[m] – dimensions of the 
inlet pipe.

By specifying the pulsatance ω0 and damping ratio ξ as:

(3a)

(3b)

equation (1) fi nally assumes the form:

(4)

Equation (4) is a mathematical description of the dynamics 
of the analyzed pneumatic system, using classical diff erential 

calculus (of integer orders). Th e impulse response of the analyzed 
pneumatic system is given by:

(5)

Th e step response of the system is expressed by:

(6)

where: 

(7)

Given that the derivatives of integer orders in the fractional 
calculus are a special case of fractional derivatives, equation (4) 
can be written as:

(8)

where: v>0.
In order to determine the pressure in the transducer chamber, 

the defi nition of Riemann - Liouville diff erintegral of non-integer 
order was used, defi ned by a following formula [5, 12, 13]:

(9)

where:
α – the order of integration within bounds (a,t) of the function 

f(t),  and: ,  - Euler’s gamma 
function

Th e Laplace transform for a fractional derivative defi ned by 
Riemann - Liouville takes the form:

(10)

where: Njáj 1
Th e practical application of the formula determining the Laplace 

transform of a Riemann-Liouville fractional derivative faces some 
diffi  culties related to the lack of physical interpretation of the initial 
values of successive derivatives of fractional orders. Assuming zero 
initial conditions, the diffi  culties associated with their physical 
interpretation will be eliminated.

Using the Laplace transform to equation (8), for zero initial 
conditions, we obtain:

(11)

Th us the transfer function of non-integer order of the analyzed 
pneumatic system is obtained:

(12)

Transfer function denominator of non-integer order has two 
complex roots as the system damping is ξ<1. 
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3. Impulse response to 
the membrane pressure 
transducer

By transforming equation (12), we obtain:

(13)

Using the properties of the geometric series:

(14)

Conducting elementary transformations, we obtain:

(15)

Using the formula:

(16)

we obtain:

(17)

where:

(18)

Th e visualization of the pressure impulse response in the 
transducer chamber required a program to be written in the 
MATLAB environment [14]. Th e program for the given parameters 
and derivative orders calculates the function values and draws out 
their impulse response. We present, for comparison, the graphs of 
the function obtained for the classic solution (v=1) and for several 
fractional orders.

In Fig. 2, the impulse response of the analyzed pneumatic 
transducer was determined by simulating equation (17) for the 
selected parameter values:

.
Th e impulse response (characteristics 2C in the above fi gure) 

was also presented, by simulating a computer equation (5) which 
is a mathematical model of the analyzed pneumatic system, with 
the use of a classical diff erential calculus (described by ordinary 
diff erential equation). It is worth noting that while reducing the 
row, it reduces the response time, which is desirable in measuring 
transducers.

Fig. 2. Impulse response of a pneumatic transducer described with 

an integer and non integer order: F0,5- for v=0,5, F0,7 - for 

v=0,7, F0,9- for v=0,9, F1,0 - for v=1,0, C2 - classic model (integer 

order) [7]

4. Step response of the 
membrane pressure 
transducer

Th e step response of the tested transducer is defi ned by the 
relationship:

(19)

Using the properties of geometric series, we obtain:

(20)

Conducting elementary transformations, we obtain:

Using the formula (16), we obtain:

in which 
 
is the Mittag-Leffl  er function defi ned by the 

equation (18).
Running a simulation of a pneumatic transducer, a unit step 

signal was applied and the received step response is shown in Fig. 3.
Th e model described by equation (17) and (22) correctly 

reproduces the amplitude of the input signal as the classical model 
- the graphs coincide (graph 1,0F  - the parameter v=1 coincides 
with 2C –the classical model). Th is confi rms the correctness of 
the method and that the diff erential calculus with derivatives of 
integer orders is a special case of fractional calculus. Th e step 
response (Fig. 3) shows that regardless of the diff erential order, 
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the amplitude of the signal is constant. Th e smaller the order of 
the derivative, the faster the reaction of the system to the unit step.

Fig. 3. The step response of the pneumatic system: F0,5- for v=0,5, 

F0,7 - for v=0,7, F0,9- for v=0,9, F1,0 - for v=1,0, C2 - classic model 

(integer order) [7]

5. Frequency response of 
the membrane pressure 
transducer

In order to determine the relationships describing the frequency 
response, the spectral transfer function of the tested transducer was 
determined. Substituting:

(23)

to the formula (12), the spectral transfer function of the 
transducer is obtained:

(24a)

(24b)

By making elementary transformations, the real and imaginary 
part of the spectral transfer function was calculated:

(25)

where:

(26a)

(26b)

Knowing the real and imaginary part of the spectral transfer 
function of the transducer, one can determine the equation 
describing the logarithmic amplitude step:

(27)

and the equation describing the logarithmic phase step:

(28)

In order to verify the relationships describing logarithmic 
steps of amplitude (27) and phase (28) of the tested transducer, 
the pneumatic pressure transducer was modeled in the MATLAB 
environment, described by means of ordinary diff erential equation 
and diff erential equation with derivatives of non-integer order. 
Describing the transducer with the use of a diff erential equation 
of non-integer orders, the parameter v=1 was assumed and the 
obtained logarithmic amplitude and phase steps were compared 
to the logarithmic amplitude and phase steps obtained from the 
transducer description by means of the ordinary diff erential 
equation.

Th e simulations assumed:
• pulsatance ,
• damping ratio ξ = 2

Th e transfer function of the pneumatic pressure transducer, 
calculated from the ordinary diff erential equation, has the form:

(29)

By performing the simulation of equation (29) which presents 
the dynamics of the phenomena occurring in the analyzed 
pneumatic system, in the MATLAB programming environment, 
the frequency response presented in Fig. 4 was obtained:

Fig. 4. Logarithmic frequency response of the transducer described 

by the ordinary diff erential equation [6] 

When simulating equations (27) and (28) in the MATLAB 
environment which describe a pneumatic pressure transmitter by 
means of a diff erential equation of non-integer order, assuming a 
coeffi  cient v=1 for damping ξ=0,8, the response shown in Fig. 5 
was obtained:

Logarithmic frequency response of amplitude and phase 
presented by the simulation of ordinary diff erential equation (Fig. 
4), coincide with frequency response obtained by the simulation of 
the equations describing logarithmic response of amplitude (27) and 
phase (28), obtained from the equation of the transducer described 
with the help of non-integer orders (Fig. 5) for the parameter v=1.



M. LUFT, Z. ŁUKASIK, D. PIETRUSZCZAK

41Volume 11 • Issue 4 • November 2018

Fig. 5. Logarithmic frequency response of a pneumatic transducer 

described by means of a diff erential equation with non-

integer order for v=1 (equation 27 and 28) [6]

In order to obtain a Bode plot, the equations (27) and (28) were 
simulated by writing an appropriate program in the MATLAB 
environment. Written in the MATLAB environment, the program 
allows analyzing the transducer for diff erent orders of derivatives, 
with any step, because the order was given as a parameter. Th e 
simulation results for the selected values of parameter v are shown 
in Fig. 6 and Fig. 7.

Fig. 6. Logarithmic amplitude response of a pneumatic transducer 

described by means of diff erential equation with fractional 

derivatives of non-integer orders in the range (0.8-1.2) [7]

Fig. 7. Logarithmic phase response of a pneumatic transducer 

described by means of diff erential equation with fractional 

derivatives of non-integer orders in the range (0.8-1.2) [7]

Th e analysis of the responses shows that for the parameter 
v<1, the logarithmic amplitude responses (Fig. 6) are monotonically 
decreasing functions. For the parameter v>1, the logarithmic 
amplitude responses have a maximum depending on the order of 
the diff erential. Th e maximum is achieved with resonant frequency 

.

Increasing the order of derivative, the frequency responses 
acquire the character of a second-order oscillatory element, and 
while decreasing the order of the derivative, the responses acquire 
the character of the fi rst order inertial element. Decreasing the 
order of the derivative causes the transducer to become more 
linear, which allows the scope of work to be increased. Increasing 
the parameter v above one results in resonance, although it should 
not be visible in the response, because the simulation was carried 
out for the damping v=0,8. Th e model then does not refl ect the 
actual layout.

6. Selected laboratory tests of 
the transducer

In order to identify the dynamics of the pressure transducer, 
the measuring system was constructed as it is shown in Fig. 8. 
Th e AVL single-cylinder automatic ignition engine was used for 
testing. It is an internal combustion engine with a capacity of 
511cm3, cylinder diameter 85.01mm and a piston stroke of 90mm. 
Th e measurements were made in the inlet air system to the engine. 
Th e air supply was provided by an additional system consisting of 
a rotary screw compressor. Th anks to this system it was possible to 
regulate the air pressure in the intake system [8].

Fig. 8. View of measuring station: 1 - measuring chamber, 2 - intake 

manifold,  3-input pressure transducer, 4 - output pressure 

transducer [8]

In the air intake system leading into the measuring chamber, 
the fi rst pressure transducer was installed. Th e second transducer 
was installed inside the measuring chamber, at the outlet of the 
air into the combustion chamber. Kulite pressure transducers, 
type ETL-189-190M-10 BARA were used. Two identical pressure 
transducers were used in the system.

Th e tests were performed with Concerto and Puma soft ware, 
whose interfaces are shown in Fig. 9. Th e presented measuring 
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system allows studying the dynamic properties of the pressure 
transducer. Th e studies refer to the time and frequency analysis 
of the investigated pressure transducer described with integer and 
non-integer order.

Fig. 9. Interfaces of the programs for motor control and recording 

fast-changing parameters: 1 - Concerto program window 

for fast variable parameters recording (monitor 1), 2 - Puma 

program window for controlling and archiving engine 

parameters (monitor 2), 3 - Puma program window for 

controlling and archiving engine parameters (monitor 3) [8]

In the measuring system, computers with Concerto and Puma 
soft ware were used. Th e Concerto program allows recording fast-
changing system parameters and recording them in time and 
numeric format. Th e Puma program was used to control the engine.

Th e air supplied into the measuring system is provided by a 
rotary screw compressor. Th e engine draws air into the combustion 
chamber from the measuring system by opening the valve located at 
the exit of the measuring chamber. Th e valve opens and closes every 
two turns of the engine crankshaft . Cyclical opening of the valve 
caused the same eff ect as supplying the system with a pneumatic 
rectangular signal generator, which allowed experimental evaluation 
of the step response of the measuring system. Th e step response of 
the system was determined using the Concerto program, and its 
graphic representation is shown in Fig. 10.

Fig. 10. The step response of the measuring system in the measuring 

chamber and inlet tube obtained experimentally [8]

Th e obtained graph is a step response of a typical oscillating 
element with pulsatance ω0 and damping ratio ξ. In order to 

identify the dynamic properties of the tested pneumatic system it 
is convenient to determine its transfer function.

Th e equation describing the logarithmic amplitude response 
can be determined from the equation (27):

(30)

Aft er simulating equation (37), a logarithmic amplitude 
response of the non-integer order of the tested measurement system 
was obtained for diff erent values of the parameter v, which is shown 
in Fig. 12.Against the response obtained by means of simulation 
of the mathematical model in which the actual parameters of the 
tested transducer were applied, the transducer response obtained 
experimentally was presented.

Fig. 11. Logarithmic amplitude response determined 

experimentally and theoretically for diff erent values of the 

parameter v [8] 

Fig. 12. Logarithmic phase response determined experimentally 

and for diff erent values of the parameter v [8] 

Logarithmic phase response was determined by measuring the 
phase shift  between the output and input signal for each set motor 
shaft  speed.

Th e minimum rotation speed of the internal combustion 
engine used in the tests is 1000[obr/min]. Th is limitation made it 
impossible to obtain experimentally the full frequency response 
shown in Fig. 11 and 12. Th e obtained responses were made from 
pulsation  ω=104,717[rad/s] do ω=335,093[rad/s].

By comparing the obtained responses with the responses of 
non-integer order for the parameter v=1, it can be stated that the 
tested transducer is of a slightly smaller order than the second 
order oscillating element. Experientially determined frequency 
responses are included between the simulated frequency response 
for parameter v=0,98 and v=1. Th is means that the transducer 
should be modeled with the equations of non-integer order. It 
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can therefore be concluded that the description with the classical 
method would be inaccurate.

7. Conclusion

The pneumatic system, analyzed in the article in the part on 
simulation, represents the second order damping oscillator with 
damping ratio ξ<1, which means that the characteristic equation 
of the model does not have real solutions. Therefore, the authors 
were required to develop the original method for determining 
the relationships describing the time and frequency responses 
for dynamic systems described with fractional calculus. In the 
construction of the mathematical model of the analyzed dynamic 
system, the definition of Riemann - Liouville differintegral (of 
fractional order) was used.

The paper presents the results of the laboratory tests of the 
pressure transducer, which was described with a mathematical 
model. The analysis of the dynamic properties of the model in 
terms of time and frequency was conducted. The parameters of 
the tested pressure transducer were determined experimentally - 
the damping ratio ξ and the pulsatance ω0, which were used to 
determine the transfer function of integer and non-integer order 
. Having  the knowledge of transfer function, the step response 
was determined as well as logarithmic amplitude response and 
phase response of integer and non-integer order. It was found out 
that the time response obtained experimentally, coincides with 
the response determined by the developed model of non-integer 
order of the transducer for the parameter v=1. This confirms the 
correctness of the designated model.

Frequency responses obtained experimentally differ slightly from 
the responses obtained in computer simulation. The logarithmic 
amplitude response and phase response obtained experimentally 
are of the order of the oscillating element for the parameter v of the 
interval 0,98<v<1.

In the real system shown in the article, the pressure in the 
transducer chamber was measured at the outlet of the air into 
the combustion chamber, where, at the moment of aspiration of 
air through the engine, the air reaches the speed of sound. Such 
conditions may account for a slight decrease in the order of the 
oscillating element under testing.

The analysis of the logarithmic amplitude response of the 
models presented in the article shows that the local maximum 
present in these characteristics is dependent on the order of the 
derivative and the bigger the amplitude, the higher the order of the 
derivative. For the parameter v=1 (classical model) the amplitude 
reaches the maximum at the resonant frequency for damping ξ 
<1. With the decreasing order of the derivative, the increase in the 
resonant frequency of the circuit can be observed.

Fractional calculus is particularly useful in building dynamic 
models of mathematical systems working in conditions that cannot 
be described with differential equations of integer orders. This can 
be deduced by analyzing systems such as the long electric line of 
infinitely large length or the supercapacitor of a few thousand 
Farads, which are now also described with fractional calculus.

The presented simulation studies were performed in the MATLAB 
development environment (manufacturer: The MathWorks) and 
Microsoft Office Excel (manufacturer: Microsoft). The authors of the 
paper declare that, using the above mentioned trademarks, they did 
so only with reference to this publication and with such an intention 
that it would be for the benefit of the trademark holders but without 
the intention of infringing the trademarks.
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ABSTRACT
The article presents selected statistical analyses of data registered by weigh in motion systems (WIM). Particular 
analyses are intended to determine the distribution of selected parameters and assess the possibility of using 
statistical measures to test the long-term stability of WIM stations. Dataset from the WIM system was the subject of 
the research. Dataset is using different measurement solutions and technology. 

KEYWORDS: weigh in motion, vehicle classification, long-term stability 

1. Introduction 

A disturbing phenomenon observed on Polish roads are 
overloaded heavy goods vehicles which leads to rapid degradation 
of the road, in particular its pavement. It is estimated that with an 
average vehicle overload of only 20% the roads condition is reduced 
from 50 to 150% (assuming that such vehicles constitute 1/3 of all 
trucks). This means that this road should be renovated every 3 years 
instead of every 10 years. Moreover, the detection and exclusion from 
traffic overloaded vehicles improves road safety and limits excessive 
destruction of the pavement. In order to stop this unfavourable 
phenomenon, it is necessary to take preventive actions by permanently 
controlling, among others, gross weight and axel load of vehicles.

Preventive actions can be implemented through the use of 
WIM system (Weigh-in-motion). The main task of the WIM 
system is to detect and register violations of the vehicle gross 
weight and axle loads, as well as:

• protection of roads against their destruction by overloaded 
vehicles,

• elimination overloaded vehicles from traffic,
• improvement of road safety,
• preventive impact on drivers related to permissible vehicles 

parameters.
Such system supports the work of the Inspection Service 

authorized to control and supervise traffic. The role of the WIM 
system is to disclose overloaded HGV and notify authorized control 
services. The WIM system should be localized mainly on roads with 
intensive HGV traffic. The detection of an overloaded vehicle occurs 
while it is moving along the road without stopping it (High Speed 
WIM). However, it should be taken into account that the higher the 
speed of the vehicle, the lower the accuracy of the measurement. 
WIM systems enable pre-selective weighing of vehicles up to 160 
km/h. The WIM system sends a signal to the control services within 
a few seconds after the measurement is made. WIM data include 
following information:

• vehicle data that allow its identification (photo),
• date, time of the event,
• acceptable weight values,
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• plate number type and class of vehicle,
• vehicle gross weight,
• axle and wheel load,
• vehicle speed.

Based on the above information, the Inspection Services stop 
the vehicle for accurate measurements done with the use of certifi ed 
devices. Th e results of precise measurements allow to take relevant 
decisions related to vehicle ban until it is unloaded. Moreover, 
against the Carrier is initiated administrative proceedings 
which, in accordance with the applicable regulations, result in an 
administrative penalty.

What’s more data form WIM system can be used to conduct 
multi-criteria analyses and statistics. Examples of basic statistics 
can be:

• average vehicle speed as a function of time in relation to the 
vehicle class,

• number of vehicles with a certain range of gross weight as a 
function of time,

• intensity of vehicle traffi  c as a function of time in relation to 
the type of vehicle,

• axle load as a function of time.
An important element of the WIM is the accuracy and long-

term stability of measurement systems. Th e type and technical class 
of the sensors and devices determine the effi  ciency and reliability 
of the measurements. Apart from weight calibration procedure, 
signifi cant factor is also the long-term stability and the use of measures 
and indicators that enable verifi cation of the correct operation of 
the system. Th e WIM system should be developed and constantly 
modifi ed using the latest technologies and technical solutions to 
improve the work of authorized inspection services.

2. Weigh-in-motion (WIM) 
systems

Typical WIM system consists of several basic modules:
• module for measuring the weight, speed and class of the 

vehicle
• a set of axle load sensors,
• a set of loop sensors - for vehicle classifi cation,
• a set of cameras, e.g. ANPR, CCTV - for the visual identifi cation 

of vehicles, including recognition of the vehicle plate number.
Th e following paragraphs of the paper describe selected 

technologies of axle load sensors which are the elementary part of 
the weighing system.

Bending plates

Th e bending plates are made of two elements: a metal frame 
mounted in the road pavement and a metal plate placed fl ush with 
the road surface. Th e plate deforms under the load of a passing 
vehicle. Th e length of the plate is about 1.75 m, so two sensors can 
cover a full 3.5-meter roadway. Depending on the type of surface 
(asphalt or concrete), the system can be installed within 1 day 
(concrete surface) or within 3 days (bituminous surface or thin 

concrete surface) [1]. An example of a bending plate is shown in 
Fig. 1.

Fig. 1. Bending plate [own study]

Quartz sensors

In quartz systems a simple piezoelectric eff ect is used, which 
is based on the induction of electric charge on the surface of the 
dielectric as a result of mechanical forces. Quartz sensors are 
mounted fl ush with the road pavement, thanks to which the wheel 
has direct contact with the sensor [1]. An example of a solution 
based on quartz sensors is shown in Fig. 2.

Fig. 2. Quartz sensors [own study]

Strain Gauge Load Cell Sensors

Linear strain gauges use resistance strain gauges that change 
their resistance due to deformation. Such a construction enables 
measurement of static loads and not only dynamic ones, as is in 
the case of sensors using a piezoelectric eff ect. Th us, the calibration 
process can be carried out using a static load. Linear strain gauges 
work eff ectively in a wide range of environmental conditions. 
Temperature compensation ensures the accuracy of strain gages in 
a very wide temperature range [2]. Th e sensors are manufactured 
in the following lengths: 1, 1.5, 1.75 and 2 m. Two sensors cover 
the full width of one lane. Examples of a set of strain gauge sensors 
are shown in Fig. 3.

Fig. 3. Strain Gauge Load Cell Sensors [own study] 
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3. Analysis of long-term stability

Th e presented in paper long-term stability tests were carried 
out based on data from six WIM stations. Th e location of the 
stations is shown in Fig. 4.

Fig. 4. Localization of selected WIM stations [own study] 

Selected stations use axle load sensors made in the technology 
of bending plates, quartz sensors and strain gauges. A detailed 
description of the station together with basic traffi  c characteristics 
are presented in Table 1.

Table 1. Parameters of selected WIM station [own study] 

 WIM 
station

Weight 
sensors

Class Road type
Average daily 

traffi  c [veh. 
Per day]

Cierpice Bending 
plate B+(7)

Single 
carriageway 
with 2 lanes

11743

Latkowo Bending 
plate B+(7)

Single 
carriageway 
with 2 lanes

11788

Marowice
Strain Gauge 

Load Cell 
Sensors

B+(7)
Single 

carriageway 
with 2 lanes

10528

Strzelno
Strain Gauge 

Load Cell 
Sensors

B+(7)
Single 

carriageway 
with 2 lanes

10528

Głuchowo Quartz 
sensors B+(7)

Single 
carriageway 
with 2 lanes

8224

Kikół Quartz 
sensors B+(7)

Single 
carriageway 
with 2 lanes

8757

As part of the analyses, the dataset was limited to four basic 
periods of the year represented by the following intervals:

• winter period: 01/01/2018 - 31/01/2018,
• summer period: 01/08/2017 – 31/08/2017,
• autumn period: 01/10/2017 - 31/05/2017,
• autumn period: 01/11/2017 - 30/11/2017.

In order to illustrate the weather conditions in Fig. 5 and 6 
presented the average air temperature and the rain/snow intensity 
for particular days of the measurement periods. Meteorological 
data has been registered by a road weather station located in near 
the town Toruń.

Fig. 5. Air temperature registered by weather station [own study]

Th e air temperature diagram (Fig. 5) indicates a large variety 
of conditions for data logging periods. In the winter period there 
were several times negative temperatures with an amplitude of -5 
Celsius degrees. In the summer, the average daily temperature was 
around 18 degrees.

Fig. 6. Precipitations intensity registered by weather station [own study]

During the observations, a particularly intense rainfall was 
noted in the fi rst few days of October and an increased amount of 
rainfall was registered in the last few days of August (Fig. 6).

3.1. Analysis of the fi rst axel load distribution 
of tractors with semi-trailers

In the fi rst step of the analysis was used the measure of fi rst axle 
load of vehicles category 5 (according to the COST 323 classifi cation 
[3]). Th is factor was defi ned as the measure with lowest variability 
and its characteristics are presented in work [4]. Th e set of vehicles, 
according to the guidelines, was selected in terms of gross weight, 
speed and the fi rst axle load.

Bending plate

As part of the fi rst test, the mean load of the fi rst axle of category 
5 vehicles was determined for stations equipped with the bending 
plates. Th e results of the analyses are presented in Fig. 7 and 8.

Fig.7. First axis load of tractors with semi-trailers in Cierpice [own study]
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Fig.8. First axis load of tractors with semi-trailers in Latkowo [own study]

For the station located in Cierpice (Fig.7) and Latkowo (Fig. 
8), during the observation a high variability of the recorded values 
for the winter period was noted. Th e overlapping of the local 
minimum with the average temperature drops below -5 Celsius 
degrees is particularly noticeable.

Strain Gauge Load Cell Sensors

Th e test results for stations equipped with strain gauges are 
shown in Fig. 9 and 10.

Fig.9. First axis load of tractors with semi-trailers in Strzelno [own study]

Fig.10. First axis load of tractors with semi-trailers in Markowice 

[own study]

For the Strzelno station (Fig. 9) and Markowice (Fig.10), no 
visible correlation between the temperature and the average value 
of the fi rst axle load was observed. Th e infl uence of the rain/snow 
intensity on the analysed value was also unaff ected. Th e local 
maximum for the Markowice station (Fig.10) for 27/08/2017 is 
most likely related to the reduced size of the data set, which results 
from the day with limited HGV traffi  c (Sunday).

Quartz sensors 

In the next step, the data was analysed for stations equipped 
with quartz sensors. Data register in Głuchowo station are shown 
in Fig. 11, while for Kikół station in Fig. 12.

Fig.11. First axis load of tractors with semi-trailers in Głuchowo 

[own study]

Fig.12. First axis load of tractors with semi-trailers in Kikół

[own study]

For the Głuchowo station (Fig. 11) for August 13, 2017, observed 
the local maximum which could also be related to the day off  
(Sunday). For other periods, the average value was not signifi cantly 
correlated with the temperature and intensity of precipitation. 
However, for Kikół station, increased values were recorded in the 
period from October 7 to October 11, i.e. subsequent weekend days, 
albeit occurring aft er a period of intense rainfall.

In order to summarize the test results, table 2 presents the mean 
values ( ) and standard deviation ( ) for particular WIM stations.

Table 2. The average load of the fi rst axle of the cat.5 vehicle and 

the standard deviation [own study] 

WIM 
station

Load 
sensors

January October August November

Cierpice Bending 
plate

 6680

 106,1
 6811

 61,14

 6845

 50,37

 6773

 52,03

Latkowo Bending 
plate

6333

167,14

6571

45,65

6611

23,45

6527

87,43

Marowice
Strain 
Gauge 

Load Cell 
Sensors

6807

49,1

 6798

46,38

6826

47,18

6798

36,96

Strzelno
Strain 
Gauge 

Load Cell 
Sensors

6616

52,74

6647

 53,95

6708

30,04

6623

29,05

Głuchowo Quartz 
sensors

6646

41,83

 6668

47,26

6713

48,37

6639

53,7

Kikół Quartz 
sensors

6580

64,04

 6642

94,25

6605

57,91

6584

77,58

3.2. Analysis of the fi rst axel load distribution 
of cars

Th e next part of the research was the assessment of the 
possibility of using the average load of the fi rst axle of passenger 
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cars (category 1 according to COST 323 [3]). Th e rationale for 
the use of the above measure is the size of data sets, which in the 
case of the analysed values reached levels nearly 10 times higher 
than in the case of the tests presented in Chapter 3.1. Th e basic 
assumption was to limit the dataset to vehicles with a total weight 
below 1.8 tonnes.

Bending plate

Th e results of the axle load analysis for stations using bending 
plates are presented in Fig. 13 and 14.

As in the case of the analysis of the fi rst axle load of category 5 
vehicles, during the winter, observations showed a visible dependence 
of the value of the load and the temperature. Th is visibility is 
particularly evident for the Latkowo station.

Fig.13. First axis load of cars in Cierpice [own study]

Fig.14. First axis load of cars in Latkowo [own study]

Strain Gauge Load Cell Sensors

Th e test results of stations equipped with strain gauges are shown 
in Fig. 15 and 16. For the station located in Strzelno, local minimum 
values for the winter period were observed for 17 and 20 January. In 
the above days there were no signifi cant disturbances in the size of the 
analysed sample of data and any local minima of temperature were 
recorded. On the other hand, in the 17th of January the intensity of 
precipitation decreased. Th is change is not visible at the indicator of 
average load of the fi rst axle of category 5 vehicles.

Fig.15. First axis load of cars in Strzelno [own study]

Fig.16. First axis load of cars in Markowice [own study]

Th e mean load indicator of the fi rst axis for the Markowice 
station (Fig. 16) shows no correlation between the temperature 
and the rainfall intensity.

Quartz sensors 

Th e test results for the station which are using quartz sensors 
are shown in Fig. 17 and 18.

Fig.17. First axis load of cars in Głuchowo [own study]

For the Głuchowo station (Fig. 17) there was also no disturbance 
of the average load indicator of the fi rst axle of passenger vehicles 
for winter periods. In the fi nal period of the October, the value 
of the indicator was gradually falling. Th is phenomenon also 
occurred for the average day air temperature (Fig.5).

Fig.18. First axis load of cars in Kikół [own study]

For the Kikół station, the value of the indicator showed clear 
disturbances for the period January 12-17, i.e. the period with air 
temperature below zero, although this exchange is also not visible 
at the indicator of mean load of the fi rst axle of vehicles category 5.

3.3. Analysis of the gross weight mass 
distribution of semi-trailers

Th e last element of the study was the analysis of the gross weight 
distribution of category 5 vehicles. Th is approach was presented in [5].
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Bending plate

For Cierpice (Fig. 19) and Latkowo (Fig. 20) stations equipped 
with bending plates, signifi cant diff erences were found in the 
distribution for vehicles with a total weight of 40t. Th is is especially 
visible when comparing the winter and summer periods.

Fig. 19. Gross weight of tractors with semi-trailers in Cierpice 

[own study]

Fig. 20. Gross weight of tractors with semi-trailers in Latkowo 

[own study]

Strain Gauge Load Cell Sensors

In the case of Strzelno station (Fig.21) and Markowice (Fig.22) 
equipped with strain gauge sensors, the observer a high degree of 
similarity of the distribution regardless of the measurement period.

Fig. 21. Gross weight of tractors with semi-trailers in Strzelno 

[own study]

Fig. 22. Gross weight of tractors with semi-trailers in Markowice 

[own study]

Quartz sensors 

For stations equipped with quartz sensors, i.e. Głuchowo 
(Fig.23) and Kikół (Fig.24), there are slight diff erences between the 
distribution but without the possibility of indicating correlation of 
data and the winter and summer period.

Fig. 23. Gross weight of tractors with semi-trailers in Głuchowo 

[own study]

Fig. 24. Gross weight of tractors with semi-trailers in Kikół

[own study] 

4. Conclusion

  Th e paper presents selected indicators of long-term stability of the 
weigh-in-motion stations. Th e widely recognized mean load indicator 
of the fi rst axle of tractors with semitrailers was compared with the 
fi rst axle load of passenger vehicles and gross weight distribution 
of category 5 vehicles. Th e above indicators were referred to three 
leading pressure sensor technologies. Th e presented approach is 
aimed at determining the applicability of selected measures to assess 
the stability of measurement systems. Th e obtained results indicate 
the potential usefulness of the described measures, although they 
require further work to determine the boundary conditions and the 
reasons for the deviations in the determined values.
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ABSTRACT
The article presents a multiple model using the multiple correspondence analysis MCA in the task of intelligent transport 
management. It is an exploratory technique of quality data analysis which facilitates graphic presentation of variables in 
low dimensional space. The model using multiple correspondence analysis looms relatively easily interpretable results. 
The article will present a data reduction technique. MCA is the method of co-occurrence of categories of variables 
which are measurable on a nominal scale. Graphic development of variables and determination of the relations among 
them will also be presented. Thus making it possible to obtain a map of points using the multiple correspondence 
analysis and identification of occurring concentrations of categories of variables which support use of telematic tools in 
intelligent transport management.
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1. Introduction 

Organizing internal transportation is one of the key logistics 
elements of an enterprise. Appropriately designed and shaped 
system of transportation and storage of goods affects significantly 
many technical-economic parameters in an enterprise. The 
main tasks of internal transportation include movement of 
goods, materials or loads within the premises of a given plant/
enterprise [5]. Internal transportation is characterised by, among 
others, the fact that a variety of transport means may be used in 
it, including also the ones that are intended mainly for external 
transport i.e.: railway wagons, trucks etc. 

Each production plant, completing its tasks, generates 
transportation demands which may be satisfied with participation 
of internal transportation means or through an order placed at 
a given transport company. However, correct functioning of 
transport in a plant may be facilitated only through its correct 
organization and appropriately qualified employees [1]. 

Organization of transport in a plant should be adjusted to specific 

conditions of a given enterprise, it should ensure safe and at the 
same time reliable movement of products at minimal costs. Internal 
transportation generates high costs of operation of each enterprise 
due to high energy consumption and labour consumption of the 
processes i.e. loading, unloading, reloading. Efficient organization 
of internal transportation in an enterprise should ensure efficient 
movement of a specific quantity of load along possibly shortest 
routes and at its maximal usage. At the same time the lowest usage 
of transport means should be possible [5]. 

Each type of transport is a basic link in a logistics flow of 
goods. Technology of internal transportation and storage, 
which is based on use of technical transport means, plays an 
important role in operation of warehouses and logistics centres 
in an enterprise [16]. In internal transportation near transport 
means which is divided into means of interrupted or continuous 
operation, are mainly used [9]. So called interrupted transport is 
connected first of all with stops of load  during transport for the 
purpose of its reloading or manipulation. Whereas continuous 
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transport means during transport of loads remains in continuous 
motion and the transported load moves in a stream manner [16]. 

Classification of transport means may be divided also into 
individual types of fork-lift trucks, mobile robots, hoisting equipment 
or conveyors. Authors of books on internal transportation apply a 
very similar categorisation of internal transport means. S. Halusiak 
in „Transport wewnętrzny: zagadnienia wybrane” presents in detail 
which near transport means belongs to interrupted motion means 
and which to the continuous one. Division of internal transport 
means according to S. Halusiak, is shown on the Fig. 1. 

Fig. 1. Division of internal transportation means [9]

2. Internal transportation

Internal transportation also called near transport is one of 
the areas of operation of an enterprise which is directly related 
to logistics of production [5]. Internal transport is related 
mainly to the processes of movement, storage and packing of 
materials occurring in each form and within a given enterprise. 
Organization of such transport should result from functions 
and tasks which warehouses and whole enterprises perform 
[16]. Logistics transport system which constitutes a part of an 
enterprise is defined as a specially designed and integrated flow 
of all materials, including raw materials, finished products and 
wastes and remaining loads, and also flow of information [9]. 
Near transport of an enterprise has to take into consideration 
not only internal relations, but also relations with external 
transport that is with suppliers [16]. A diagram of a logistics 
transport system of an enterprise is presented in the diagram 2.

Fig. 2. Diagram of a logistics transport system of an enterprise [9]

In many production enterprises, first of all there occurs 
transport related to manufacturing process and transport handling 
warehouses and storages of intermediates, parts and raw materials. 
Internal transportation in a plant should include all transport 
activities from the moment of goods receipt into a warehouse to 
issue of finished products to a recipient or external transport 
companies. 

The essential tasks of internal transportation include 
movement of goods within the whole enterprise, determination 
of technology of movement, reloading, packing, storing and 
also identification of demand for materials in the place of their 
occurrence, adjusting stocks to production needs, shortening 
of transport routes, automation of manipulation of materials, 
integration of flows of materials with flow of information etc [9].  

Fig. 3. Structure of transport in an enterprise [9]

System of internal transport is created by teams of technical 
means and also of the system of organizational-legal solutions, 
which are used for efficient flow of loads within the whole 
plant. A general structure of transport occurring within an 
enterprise is presented on the Fig. 1. 

Near transport is characterised by many various organizational 
models differentiated by a plant size and type of activity run in it. 
It may be separated departments of internal transport performing 
all transport tasks and means of internal transportation which 
belongs to specific sites of an enterprise and performs only strictly 
determined transport tasks. The internal transportation  may be 
divided as in the diagram presented above. 

Internal transportation has been divided mainly into 
storage-warehouse transport which relates to goods receipt and 
their shipment and also storage in storages and warehouses of 
an enterprise. Whereas production transport relates first of all 
to a production process regarding the process of manufacturing 
and movement [1]. It has been further on divided into inter-
department transport and cross-department transport. Then 
the inter-department transport is divided into inter-station and 
station transport.  

Inter-department transport is related to flow of goods in 
separated departments of an enterprise i.e.: production, assembly, 
production preparation or mould room, foundry etc. Transport 
methods used in these areas are strictly related not only to the 
production process, but also to technological process and a type 
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of transported materials that is their shape, size, dimensions and 
weight and distance of transport. 

Inter-station transport is a type of pass-through or side transport 
which means that in this transport it is necessary to apply additional 
manipulation equipment. This transport covers also movement 
of goods or intermediates between stations and manufacturing 
cells, however without warehouse operations. Station transport 
includes mainly manipulation activities performed before and after 
completion of material processing in production stations. The task of 
the transport is in this case to relieve employees of performing time-
consuming works. This transport is used for delivery, movement 
and performance of manipulation activities within a station [9].  

Inter-department transport is a main element of production 
and auxiliary transport which is performed between production 
departments [1]. Its organization includes such factors as: time 
and quantity of materials flowing through the organization, time 
of delivery of products, length of routes between departments 
and warehouses and organization of a system of reloading in 
departments. Inter-department transport is carried out with use of 
internal transportation means e.g. industrial trucks. If industrial 
trucks are used in transport an enterprise may apply various types 
of transports of materials i.e.: shuttle, circumferential, radius and 
complex transports [9]. Organization of transports in internal 
transportation is presented in the Fig. 1.

Fig. 4. Organizational chart of transports in internal transportation [7]

Shuttle transports consist mainly in transport of goods 
between two identical work stations, however a return trip 
in this case is empty. Radius transports differ in this manner 
that employees transport materials from a central point (SX) 
to subsequent several work stations, whereas circumferential 
transports consist in transport of products from one station to 
other stations, along a possibly shortest route and attempting to 
eliminate empty trips. Complex transports are used in various 
ways and are mainly adjusted to a technology of production and 
operation of an enterprise. They may cover selected elements of all 
previously mentioned types of transports [7]. 

As mentioned above, internal transportation is integrated with 
each type of economic activity and may be completed with use of 
various technologies, systems and transport means. Organisation 
of internal transportation, similarly as technological processes 
and reloading-transport activities, must be fully compliant with 
the safety and hygiene of work regulations. Effectiveness and 
efficiency of transport inside an enterprise depend on a size and 
intensity of technological processes and their proper organization 

as well as on rhythmicality of production. The highest results are 
ensured by automated systems, applied both in production lines 
and in a warehouse of an enterprise where processes are computer 
controlled [7]. 

To sum up, internal transportation system in an enterprise is 
first of all an intentionally organized process which aims not only 
at completion of material flow but also information flow. Each 
enterprise, organizing internal transportation must adjust it to 
external conditions present in a given plant and to technological 
processes which play a significant role and contribute to 
manufacturing of a final product.   

Summing up the considerations in this part of this diploma 
project, one may state that effective and efficient operation of a 
whole enterprise storing stocks depends on many factors, but first 
of all on a well-organized warehouse management. 

Proper storage of materials and their skilful allocation and 
transport ensure delivery of appropriate quantity of materials, goods 
or stocks exactly in time and to a place where they are needed. It is 
possible when a company completes processes of receipt, storage, pre-
dispatch and issuing of goods from a warehouse and manipulation 
activities. It is also important to introduce an efficient system of 
information exchange among organizational entities of an enterprise. 

3. Multiple correspondence 
model MCA supporting 
intelligent transport 
management 

Organization of internal transportation and warehouse 
processes in an enterprise is a very difficult task, therefore present 
warehouses of many companies are equipped with the state of art 
technologies which support employees in completion of tasks. It is 
important to deliver goods to customers at the right time therefore 
enterprises generate not only pre-dispatch orders but they also 
create routes of transport means reducing time of looking for goods. 
Organization of transport has to be first of all adjusted to a given 
enterprise and ensure it safe, reliable and at the same time cheap 
movement of loads. 

Multiple correspondence analysis MCA is an exploratory 
technique for categorized variables. It facilitates creation of models 
of relations among various categories of responses. In the event of 
the models presented in the project, this analysis makes it possible 
to determine strongest related variables (categories of responses) 
with the sample group. As a classifier of a force impact a model of 
maximizing a distance from a reference point (the sample group) 
has been assumed. As we are interested in correspondence with 
the sample group then the points in space for three sample groups 
will be reference points of other points (responses) and quality of 
solution. Quality solution data is the equation:

 (1)

Where: 00
2 , yxD  is a quotient of the square of the length 

of a given point to the centre of a system of co-ordinates,
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00
2

max , yxD  is the square of the length in a system of co-
ordinates with the maximal number of dimensions.

Point quality is analogical to the notion of a set of shared 
variability in factor analysis.

Therefore a measurement of the strength of discrimination 
force of responses to questions will be a classifier:

 (2)

Where: ),( pp yxD  is the distance of the point (of the 
considered response) from the sample group and quality of this 
point. This classifier determines force with which each point p is 
related to a given group.

For each pair of two various variables in the model we obtain 
a matrix (3) of coefficients (2):

 (3)

Discrimination strength of the variable X onto Y is expressed 
by the equation (4):

 (4)

In intelligent transport management the algorithm MCA may 
be applicable to determine priority of taking intermediates and raw 
materials from a warehouse based on MRP order to production. 
For this purpose a computer system indicates a fork-lift truck’s 
operator a sequence of taking goods to minimise time and number 
of mistakes.

If we assume for simplification that we have at our disposal 
three categories of products A, B and C we define a significance 
level of these products in production as L (Low), M (Medium) and 
H (High). Whereas a decision mechanism (yes (take), no (not take) 
will move on a multidimensional space of these properties (in our 
case it is a three-dimensional space). The task consists in selecting 
three most important products and their queuing in determination 
of transport priorities to production. Factors deciding about 
significance may be various and depend on a size of a batch needed 
for production and a stock level.

Table 1. Multidimensional model MCA for an example transport 

task [own study] 

 
Verse Co-ordinate Co-ordinate Weight Quality L

Number Dimension1 Dimension2      

Decision: no 1 -0,465 0,024 0,195 0,776  

Decision: yes 2 1,665 -0,085 0,055 0,776  

Intermediate 
A:H 3 -0,577 -1,334 0,064 0,732 0,330

Intermediate 
A:L 4 1,089 0,115 0,092 0,693 0,234

Intermediate 
A:M 5 -0,666 0,800 0,094 0,654 0,605 (3*)

Intermediate 
B:H 6 -0,660 -0,252 0,087 0,264 0,834 (1*)

Intermediate 
B:L 7 0,541 -0,191 0,123 0,319 0,494

Intermediate 
B:M 8 -0,236 1,123 0,040 0,253 0,448

Raw material 
C:H 9 -0,654 -0,601 0,107 0,587 0,679 (2*)

Raw material 
C:L 10 1,561 -0,137 0,060 0,778 0,000

Raw material 
C:M 11 -0,290 0,870 0,083 0,419 0,575

Fig. 5. Projection of a multi-dimensional model MCA for an example 

transport task [own study]

Based on the MCA algorithm we may conclude that as the first 
one the intermediate B should be selected for transport, then the 
raw material C, which are most important in production process, 
and as the last to be taken the intermediate A which is important 
at an average level.  

4. Conclusion

Methods of transport management are crucial in modern 
enterprises. A task of queuing of intermediates and raw materials 
to be transported to production is a very important element of 
management. It’s efficient and quick determination on which it 
depends which product is to be delivered as first to a production line 
and which as a subsequent one may be a factor reducing excessive 
accumulation of them in an intermediate storage area. Continuous 
analysis of a production line and availability of intermediates and 
raw materials on it results in efficient and optimal management. 
Intelligent computer systems support, but in the sense of forecasting 
they also make it possible to sort out products in a warehouse 
starting from the ones that move most quickly. Telematics systems 
are presence and future. Telematics is not only efficient transport 
management based on real data delivered to the system, but it is 
also intelligent analysis of the data and forecasting. One should 
remember, however, that the most important link is a man. No 
system is able to replace human work, and transport procedures 
generated e.g. based on MCA must be finally accepted by an 
employee managing transport to production.
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ABSTRACT
The Indian government is still promoting eCall to minimize the  number of  roadway disaster by reducing the response 
time when an accident has occurred. The eCall system is combination of an In Vehicle System(IVS), consisting of a 
device with a GSM cell phone and GPS (Global Positioning System)for location Tracking facility and it all consist 
of corresponding infrastructure of Public Safety Answering Points (PSAPs).This Intelligent Vehicle Safety System 
uses information and communication technologies for providing solutions for improving road safety in particular 
in the pre-crash phase when the accident can still be avoided or at least its severity significantly reduced. By using 
this system which can operate either manually or autonomously on-board the vehicle, the number of accidents and 
their severity can be reduced. The implementation of on board emergency call (eCall) is an ITS (Intelligent Transport 
System) service which has been already been deployed in different countries. Several private and public initiatives 
have already resulted into preliminary and pure private eCall services, mainly to the car industry. Location, enhanced 
emergency calls like in vehicle eCall have their primary benefit to society of saving lives and in offering an increased 
sense of security significance.

KEYWORDS: eCall, Functional architecture, PSAP, IVS  

1. Introduction

According to European Union,  every new car to be equipped 
with the eCall system from 2010. The system will automatically 
generate an emergency call after a serious accident. With this call 
the data of the vehicle including location is transmitted to the 112 
emergency call centre i.e. Public Safety Answering Points (PSAP). 
The eCall generator initiates the eCall by the use of sensors triggered 
(automatically) or manually, send the in-vehicle triggered eCall to 
a PSAP. The eCall consists of two features: a pure voice (audio) 
telephone call based on 112 and the by use of Minimum Set of Data 
(MSD).

The eCall (data plus voice) carried through the mobile networks, 
is recognized by the Mobile Network Operator (MNO) as a 112 

emergency call and is first handled by the MNO. Based on the 112 
handling, the MNO enrich the call with CLI (Caller Line Identification) 
and at the same time according to E112 recommendation add the 
best location available. After the 112 handling the telecom operator 
delivers the 112 voice together with the CLI  mobile location and the 
eCall MSD to the appropriate PSAP[6]. Than the PSAP transmits an 
acknowledgement to the eCall generator specifying that the MSD 
have been properly received [1], whole process is shown below in 
Fig.1.

In other way when a serious accident occurs, in vehicle sensor 
will automatically triggers an eCall. When activated the in-vehicle 
establishes a 112 voice connection and as soon as the communication 
channel is successfully connected, an emergency message known as 
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the Minimum Set of Data (MSD) including key information about the 
accident such as time, accurate location, driving direction (resulting 
from accurate satellite, based data such as EGNOS1 and from 2013 on 
Galileo 2) and vehicle description is sent.Th is normally takes a very 
few seconds aft er which the voice channel is free, so that the PSAP can 
talk directly with the occupants of the vehicle.

Fig. 1. General fl ow of information in eCall System [8]

Th an Mobile Network Operator (MNO) identifi es that the 112 
call is an eCall from the eCall fl ag, provided by the vehicle Network 
Access Device (NAD). Th e MNO handles the eCall like any other 
112 call and routes, the call to the most appropriate response centre 
Public Safety Answering Point (PSAP), which is defi ned by the 
Public Authorities. Th e PSAP operator will receive both the voice call 
and the MSD. Th an the information provided by the MSD will be 
decoded and displayed on the PSAP operator screen. Th e location 
and driving direction of the vehicle can be shown using a Geographic 
Information System (GIS). As soon the MSD has been sent, the 
operator will be able to hear what is happening in the vehicle and talk 
with the occupants of the vehicle if possible. Th is will help the operator 
ascertain which emergency services are needed at the accident scene 
(ambulance, fi reman, police, etc.) and to rapidly dispatch the alert and 
all relevant information to the right service. 

2. eCall Service Chain 

Th e Overall Performance Criteria OPC for the eCall service 
chain have been derived from a range of studies and experiences 
from the various stakeholder group involved. Furthermore, from 
the comparable automatic and manual vehicle emergency or 
assistance calling system and current PSAP operation systems 
and emergency response system have been taken into account. In 
order to provide a clear understanding of the diff erent aspects of 
the eCall chain six diff erent domains have been noticed:

1. Vehicle eCall Triggering System 112 eCall triggers (eCall 
Sensors or manual) Transmission over Vehicle Bus;

2. eCall Generator ( EG ) In-Vehicle Software triggers 112 Call --- 
In-vehicle Communication module initiates 112 all and send MSD;

3. EG 2 MNO Receive 112 call and MSD;
4. Mobile Network Operator ( MNO) --- 112 call with CLI, cellular 

location and MSD;
5. MNO 2 PSAP Forward 112 Voice, CLI Cellular location 

and MSD to PSAP;
6. PSAP  Answer 112 voice call, decode and visualize cellular 

location and MSD;

3. Functional Architecture

Th e eCall System consist many units which performs their 
particular task (Fig.2). Here are some functions of eCall units:

1. Collect data from the vehicle network and from vehicle sensors 
and maintain an up to date GPS identify the vehicle location.

2. On Board System Automatically detect a crash based on car 
sensor information.

3. Th an it automatically call a PSAP when a crash is detected or 
when driver press the manual switch than a dedicated call will 
generate

4. Each call has two main parts: Establish voice contact between 
the car occupant and a PSAP operator to provide assistance to 
the driver and other passengers
It transmits a Minimum set of Data (MSD) to the PSAP including 

the current GPS position and direction the car was heading [5].

Fig. 2. Functional Architecture of eCall IVS [2]

Th e functional blocks of IVS: 
1. Emergency call Function: Th is is the eCall application. It gathers 

all information of vehicle through the CAN bus or by the use of 
other sensors and geo-location information from the use of GPS 
function. In a case of a crash it generates and sends emergency 
message to the nearest PSAP through the GSM/GPRS function. 

2. GPS(Global Positioning System): Th e main function of GPS is 
gathering information from GPS satellites and processing this 
information to accurately fi nd the vehicle’s geo-location. 

3. GSM/GPRS: Th e GSM/GPRS function is responsible for 
establishing and maintaining a GSM call to the PSAP so that 
the Crashed Vehicle Information (CVI) can be sent and a fast 
connection established between the accidental car driver and 
the operator. 

4. In-Band Modem: Th ere are few technologies to send data to 
the PSAP (SMS, GPRS,Inband Modem). Th e most likely way 
to be used is the in-band modem. Th is technology uses the 
voice channel, typically a special processing unit in the audio 
path encodes/ decodes messages.  

It is a challenging task to transmit data over the mobile voice 
channel as required of an in-band modem since speech codec’s 
used in digital cellular systems are optimized explicitly for speech 
signal compression. Th erefore, modem signals may in occur heavy 
distortion aft er passing through the eff ective transmission channel 
consisting of speech codec, possible degradations on the radio 
channel and speech decoder with error concealment. Furthermore, 
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in digital cellular communications frame losses occur regularly and 
increase the burden of data recovery by the in-band modem.

CTM was developed in 3GPP for transmitting text data for text 
telephony. It was evaluated as a potential solution for EIM in the 
technical report (3GPP TR 26.967 [4]) and found not able to meet 
eCall requirements The present EIM solution consists of an IVS data 
modem and a PSAP data modem, employing signals that have been 
designed to pass through modern speech codec’s with only moderate 
distortion, yet providing sufficiently high data rates for quick MSD 
transmission. The overall cellular system architecture, including the 
IVS and PSAP data modems, is presented in publication [6].

After an emergency voice call has been (automatically or 
manually) established, the IVS modem receiver constantly monitors 
the incoming signal from the speech decoder output. When 
prompted by a request from the PSAP operator for MSD, the IVS 
connects the IVS data modem transmitter to the input of the speech 
coder and mutes any speech from the motorist for the duration of 
MSD transmission to prevent it from interfering with the eCall data 
transmission [7].

4. Architecture  of In-vehicle 
System

Vehicle manufacturers should include the eCall in-vehicle 
system in the design plans for new type-approved vehicles. The 
eCall in-vehicle system equipment comprises different parts: 

1. Electronic Control Unit (ECU)
2. Positioning system
3. Communication system
4. Human-Machine Interaction (HMI)

Electronic Control Unit (ECU) includes the subsystems and 
devices allowing, on one side the identification and qualification 
of an incident that has caused the triggering of an eCall (e.g.: 
airbag deployment) and the triggering mechanism (automatic and 
manual), and the subsystems allowing the bundling of the MSD. The 
ECU needs to be equipped with a memory to store the data needed 
to bundle the MSD and interact with the positioning system, receive 
input from the positioning system and possibly from the CAN bus 
and provide input to the communication module [6].

Positioning System includes the subsystem and devices 
necessary to supply the accurate location of the vehicle and the 
direction of driving. Due to the requirements on accuracy the 
positioning system will be normally based on Global Navigation 
Satellite Systems (GNSS), such as EGNOS and from 2013 on Galileo.

Communication System includes the subsystems and the 
network access device (NAD) necessary to set up the 112 voice call 
and forward the data (using the standardized protocols defined 
by ETSI, i.e., the in-band modem) via the PLMN (public land 
mobile network) through the mobile network operators to the most 
relevant PSAP. The communication system comprises subsystems 
and devices such as the communication device, able to set-up the 
eCall flag, antenna, the required cabling, the loudspeakers and 
microphones for the voice connection between the vehicle occupant 
and the PSAP operator. The communication system can be 

configured to perform only emergency calls with associated transfer 
of data (eCall only mode), in this case it shall not perform mobility 
management procedures, including registration on a PLMN, except 
when attempting to initiate and during an emergency call, or to 
initiate a test or reconfiguration of the terminal upon request from 
the user

Human-Machine Interaction (HMI) includes the necessary 
actions to inform the vehicle occupants about the status of the 
eCall system, as well as the status of the eCall transaction when 
triggered, according to the specifications defined in the relevant 
standards. The HMI may be part of the general vehicle HMI or 
one dedicated to the eCall device [6].

5. Role of MSD (Minimum Set 
of Data)

The main use of minimum set of data were set by the emergency 
group service provider in the Driving Group (DC)eCall. The 
requirements are based on the information that is required by the 
emergency group to speed up the response time and to ensure a 
correct deployment of emergency service [2].The Driving Group 
eCall recommends that the below MSD content be standardized 
by the a standardization body . 

The MSD provides these below mentioned information: GPS 
position, direction of travel, number of triggers of the call, colour/ 
makemodel of vehicle, indicates the particular sensor is triggered: 
airbag, roll-over, front crash, side crash or rear crash sensor; time 
stamp of the event, SP ID (Service Provider Identification), SP 
telephone number, we can add more information in MSD according 
to the requirement of the emergency group. It is recommended 
to use the 112 voice channel to the PASP by the use of MSD via 
a specific protocol Global Telemetric Protocol (GTP). During the 
testing consortium decided to use short message service to transfer 
the eCall MSD to the PSAP and if subscribed there to the full set of 
data (FSD) to the service provider using the same vehicle protocol 
(GTP) .

Here in eCall system PSAP is a Public Controlled Call Centre 
which is responsible for providing a first point of contact to a 112 
call. The PSAP is thus receiving the emergency 112 voice call and 
the MSD. Based on the voice connection and the MSD content, 
the PSAP operator decides the handover to the correct dispatcher, 
which will handle the remaining part of the specific emergency 
response. The main source of PSAP’s is the voice, the MSD and the 
location details that is provided by E112. In special cases where 
the driver is subscribing to a SP the additional set of data can be 
dragged by the PSAP operator by the use of the secure internet 
IP connection. Sometimes it can happen that PSAP operator dose 
not able to understand or speak the language of the driver which 
is involved in accident. In that case and under the sole condition 
that the driver has a service provider subscription, it is possible 
for the PASP operator to make a conference voice call between 
himself, the vehicle occupant and the operator at the responsible 
service provider [4].

The PSAP is the public controlled call centre responsible for 
providing a first point of contact to a 112 call. The PSAP is thus 
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receiving the Emergency 112-voice call and the MSD. Based on 
the voice connection and the MSD content, the PSAP operator 
decides the handover to the correct dispatcher, which will 
handle the remaining part of the specific emergency response. 
The PSAP’s source of information is the voice, the MSD and the 
location information provided by E112. For cases where the driver 
is subscribing to a SP the additional set of data can be pulled by 
the PSAP operator over a secure Internet IP connection. It may 
happen that the PSAP operator does not speak the language of 
the driver involved in the accident. In that case and under the 
sole condition that the driver has a service provider subscription, 
it is possible for the PSAP operator to set up a conference voice 
call between himself, the vehicle occupant and the operator at the 
responsible service provider [4]. 

The definition of the MSD was made in close co-operation with 
the vehicle makers because in the end, the vehicle manufacturers 
need to make sure that the information was present. The minimum 
set of data has been coded using the GTP protocol and consist of 
the following information that will be forwarded, together with 
the voice call to the PSAP operator when receiving an in vehicle 
eCall

1. when by time stamp,
2. where by the precise location of satellite position including the 

driving direction,
3. who by the vehicle description (caller line identification, color, 

make and model including, VIN),
4. where to get more information  via the service provider (IP 

address, including for example telephone number and country 
code),

5. how by the eCall qualifier (source of the trigger, manual or 
automatic including what type of sensor).

6. Conclusion

In order to get the reporting time of an accident it is important 
to give more simple and more information about the vehicle to 
the emergency call operator, the Indian commission launched 
a communication to aware the respective states to implement 
the single Indian emergency call number 112, which has been 
follow by all the states across India. In addition of this the Indian 
Communication launched a recommendation about the enhanced 
E112 which is provided with a feature of providing the location 
when an emergency call is made from cellular phone. Today the 
main problem with the existing eCall solutions provided by the 
different vehicle manufacturers and service providers is that they 
only operate in on country. 

From the network operators and service providers, perspective 
they are developing different systems for the all the vehicles 
manufacturers, which is making the system expensive and because 
of that they are not able to work all across whole country. Another 
conclusion from this article is that if there is Pan – India eCall 
system, all the vehicle manufactures or the network providers can 
not develop this by themselves and it is very important to include 
the public authorities in this matter.
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