
JÁN HALGAŠ, MARIÁN HRUBOŠ, RASTISLAV PIRNÍK, ALEŠ JANOTA

1Volume 12 • Issue 4 • November 2019

Volume 12

Issue 4

November 2019

TelematicsTelematics
Transport SystemTransport System

Archives of

Editor-in-Chief Prof. Jerzy Mikulski http://atst.pl

International Scientific Journal published quarterly as the organ of the Polish Association of Transport Telematics



© Copyright by PSTT, All rights reserved. 20192

TelematicsTelematics
Transport SystemTransport System

Archives of Volume 12

Issue 4

November 2019

Editorial Board of the Journal

Editor – in – chief Jerzy Mikulski

Associate Editor Grzegorz Karoń

Technical Editor Kamil Ligienza

Statistical Editor Krystyna Melich

International Programming Council

Chairman 

A. Janota  Żilina, Republic of Slovakia

Vice chairman

A. Bialoń  Katowice, Poland

Members: 

M. Bregulla Ingolstadt, Germany

M. Bukljaš Zagreb, Croatia

M. Chrzan Radom, Poland

M. Dado Žilina, Republic of Slovakia

M. Franeková Żilina, Republic of Slovakia

V. Gavriluk Dnipropietrovsk, Ukraine

H. Hadj-Mabrouk Marne la Vallée, France

S. Hegyi Bratislava, Republic of Slovakia

S. Iwan Szczecin, Poland

J. Januszewski Gdynia, Poland

U. Jumar Magdeburg, Germany

A. Kalašová Żilina, Republic of Slovakia

D. Kevicky Żilina, Republic of Slovakia

O. Krettek Aachen, Germany

J. Krimmling Dresden, Germany

A. Lewiński Radom, Poland

M. Luft Radom, Poland

Z. Łukasik Radom, Poland

A. Maczyński Bielsko-Biała, Poland

M. Michałowska Katowice, Poland

D. Peraković Zagreb, Croatia

T. Perzyński Radom, Poland

Z. Pietrzykowski Szczecin, Poland

K. Rástočný Żilina, Republic of Slovakia

J. Spalek Żilina, Republic of Slovakia

Z. Stocko Lviv, Ukraine

M. Svítek Prague, Czech Republic 

J. Szpytko Kraków, Poland

G. Tarnai Budapest, Hungary

R. Tomanek  Katowice, Poland

W. Wawrzyński Warszawa, Poland

R. Wawruch Gdynia, Poland

A. Weintrit Gdynia, Poland

B. Wiśniewski Szczecin, Poland

K. Wydro Warszawa, Poland

J. Ždánsky Žilina, Republic of Slovakia

Reviewers

M. Bolek Praha, Czech Republic

R.Pírnik Žilina, Republic of Slovakia

P. Holečko Žilina, Republic of Slovakia

J. Langer Poznań, Poland

P. Nagy Žilina, Republic of Slovakia

 W. Nowakowski Radom, Poland

T. Stupak Gdynia, Poland

P. Vestenický Žilina, Republic of Slovakia

P. Gołębiowski Warszawa, Poland

P. Forczmański Szczecin, Poland

O. Bley Braunschweig, Germany

I. Cvitic Zagreb, Croatia

J. Kos-Łabędowicz Katowice, Poland

R. Ebendt Berlin, Germany

S. Gajewski Gdańsk, Poland

T. Neumann Gdynia, Polska

T. Figlus Katowice, Poland

J. Bischoff Berlin, Germany

A. Patlins Riga, Latvia

D. Badura Dąbrowa Górnicza, Poland

P. Bures Prague, Czech Republic

A. Ryguła Bielsko - Biała, Poland

A Quarterly of PSTT

Published by:

Polish Association of Transport Telematics

Editorial Offi  ce Address

Polish Association of Transport Telematics
5/3 Józefa Gallusa Str., 40-594 Katowice, POLAND

Editorials e-mail: secretariat@pstt.eu
http://atst.pl

Printed in Poland

Publication Partner

Kapsch Telematic Services

ISSN 1899-8208
All papers have been accepted for publication aft er reviewing 
process. Version of the original (reference) is a printed version.



G. NOWACKI, R. KOPCZEWSKI

3Volume 12 • Issue 4 • November 2019

TelematicsTelematics
Transport SystemTransport System

Archives of Volume 12 

Issue 4

November 2019

Modern Technology Application for the 
Road Transport of Dangerous Goods

G. NOWACKI, R. KOPCZEWSKI
MILITARY UNIVERSITY OF TECHNOLOGY, Gen. Witolda Urbanowicza 2, 00-908 Warsaw, Poland
EMAIL: gabriel.nowacki@wat.edu.pl

ABSTRACT
The article presents modern technology application for the road transport of dangerous goods. Dangerous goods mean 
materials and objects which, because of the risks they pose to people and the environment, can only be transported under 
certain conditions. The lack of monitoring this type of carriage is a serious real threat to humans and the environment. 
Due to the number and complexity of decision problems encountered during its implementation becomes necessary to 
provide effective Information Technology. The use of Intelligent Transport Systems solutions (called - ITS) is designed 
to help manage the transport system, particularly transport infrastructure.  The main problem of paper was formulated 
as follows: How modern technology can resolve problems of road transport of dangerous goods, taking into account 
national and international legal regulations and existing threats?  In the solving of mentioned problem, the following 
research methods were applied: analogy, definition, analysis, synthesis, induction, deduction, modeling and diagnostic 
survey with expert research sample. The research included:  Road Transport Inspection, State Fire Brigade, National 
Atomic Energy Agency, Transport Technical Supervision, Transport Companies, Department of Transport and 
Military Movement, Military University of Technology. The article presents the threats problems on dangerous goods 
in road transport and alarming statistics data of mentioned issues. The functional structure of the road transport safety 
management system for dangerous goods has been proposed, which can significantly contribute to limiting the number 
of threats and breakdowns, and in the case of their occurrence to better cooperation of emergency services in case of 
removing their effects.

KEYWORDS: technology, telematics, rod transport, dangerous goods

1. Introduction

Nowadays, rapid technological progress in all areas of industry 
and its further development causes an increase in the demand for 
various types of semi-finished products and raw materials to ensure 
the continuity of production of goods. The variety of forms and the 
amount of dangerous goods transported determines the formation 
of specialized terminals in seaports, equipment handling goods, a 
network of access roads.

The importance of the problem of transporting hazardous 
materials is evidenced by statistics that make it very clear that the risks 
that may occur in transport are a very important element of regional, 
national and international policy. This is because 90% of dangerous 
goods are transported by road, and only 10% by rail. Over 170 million 

tons per year (in 2017), more than 430 thousand tonnes per day - 
to transport this load on standard semi-trailers with a capacity of 18 
tonnes, 24 thousand are needed trucks a day [2].

Accordingly, Europe needs a well-developed transport network 
to support trade and economic growth, create jobs and conditions 
conducive to prosperity. Transport networks are an important 
part of the supply chain and form the basis of the economy in all 
countries, enabling effective distribution of goods. Road, rail or 
air connections connect and bring people together, improve the 
quality of life and make even distant places available. Transport is 
the basis of the European integration process and is closely related 
to the creation of the internal market, which promotes employment 
and economic growth. It was one of the first areas covered by the 
common policy of the European Union. Therefore, EU transport 
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policy has always focused on overcoming obstacles to transport 
between Member States.

The smooth operation of all infrastructure components [5] 
does not, however, guarantee full internal security. Effective and 
effective methods of management, monitoring and control of work 
are still needed, so as to ultimately ensure safety for people, means 
of transport and other means of transport at the moment in its area.

In order to increase transport does not mean deterioration of 
road safety, it is necessary to have good law in this area and to 
enforce it in everyday transport practice, as well as proper training 
of participants in the transport chain.

2. The need of monitoring 
dangerous goods

Road transport, which is the most frequently used form of transport, 
has become one of the greatest civilization threats. Air pollution, 
noise emission, traffic accidents, congestion, water contamination, 
occupying an ever-larger area of   land are associated with high costs 
that all residents of the Earth have to bear, not just transport users. 
The consequences of transport development and its negative effects 
are already perceptible and future effects will be felt in the future. All 
manifestations related to the transport of dangerous goods, having a 
negative impact on road safety, and not only contribute to the fact that 
these problems are perceived in the academic-scientific environment.

The development of transport companies is the fact that not only 
is their vehicle fleet increased, but also that more and more modern 
management systems are being introduced. To manage effectively 
- both effectively and economically - modern logistic systems are 
needed, providing quick and comprehensive information on the 
managed means of transport.

The current development of telecommunications and radio 
communication as well as IT methods enables the introduction of 
integrated services consisting in continuous determining the location 
of vehicles and automatic monitoring of transport in national and 
international transport, not only on road, but also on rail, etc.

Mobile communication is becoming more and more crucial 
during transport and search and rescue campaigns. Continuous 
development of roads requires the use of effective cargo management 
systems, enabling their location, reporting of cargo status and vehicle 
data.

The positioning system and given means of transport enable 
automatic transmission of relevant reports to the management center, 
which enables dispatchers to search for vehicles, observe their 
routes in real time and change the strategy or route. The ability to 
track vehicles and goods transported in them helps in finding them 
immediately.

Very often, the recipients of such monitoring services are 
transport companies. Ignorance of the position of vehicles and their 
technical condition, as well as the inability to quickly decide about 
the routes of vehicles, are reflected measurably on the revenues of 
the transport company.

The vehicle tracking system can meet the expectations of 
different user classes. Appropriate management of dangerous 
goods transport can help the relevant state services to fulfill their 

main obligations in the area of   reducing the likelihood of disasters 
and preventing their consequences.

Therefore, it is natural to be interested in such systems from the 
industrial manufacturers of hazardous materials and their recipients. 
Efficient organization of transport, the possibility of preparing 
unloading on time, flexible response to unforeseen irregularities 
or threats in planned transports is important not only for security 
reasons, but also due to the optimal use of infrastructure and human 
resources.

3. Statistics data of dangerous 
goods transport 

Dangerous goods (DG) have known in more commonly as 
hazardous materials, (abbreviated as HazMat). Dangerous goods 
include materials that are flammable, explosive, radioactive, 
corrosive, oxidizing, asphyxiating, toxic, pathogenic, or allergic [12]. 

The carriage of dangerous goods by road is a complex process, 
which is why many sectors are responsible for its implementation: 
minister competent for transport, Minister of National Defense, 
minister competent for economy, minister competent for health.

If, in connection with the transport of dangerous goods, a 
serious accident or breakdown within the meaning of ADR took 
place, the participant, within 14 days of the occurrence of the 
event, shall submit the report:

• Provincial Road Transport Inspector - in the case of transporting 
dangerous goods by road,

• Head of the Armed Forces Support Inspectorate - in the case of 
transport of dangerous goods by means of transport belonging 
to the armed forces.

Information about a serious accident or breakdown in the 
transport of dangerous goods is forwarded to the minister responsible 
for transport issues by the above authorities, immediately after 
receiving by them the post-accident report.

Dangerous Goods in the European Union are transported in 
three manners as follows: by Inland Waterways – 17%, by Rail – 
25%, by Road – 58 % [8].

In Poland, however, 88-90% of dangerous goods are transported 
by road, and only 10-12% by rail transport [2].

The largest group of products transported in the EU in 2017 were 
flammable liquids - 54.3%. Two other groups, gases (compressed, 
liquefied or dissolved under pressure) - 13.1% and corrosives - 11.3% 
[8]. These statistics are similar in comparison to previous years.

In Poland there are the most products of transport are flammable 
liquids – 66.19% and gasses – 25.17% - Table 1.  

Table 1. Percentage share of transported dangerous goods [3, 8, 9]

Class Participation

1. Explosives and materials 0.95%
2. Gases 25.17%

3. Flammable liquids 66.19%

4.1. Flammable solids, self-reactive substances 
and solid desensitised desensitized materials 1.50%

4.2. Self-igniting materials 0.13%
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4.3. Flame-resistant gases in contact with water 0.79%
5.1. Oxidizing materials 0.03%
5.2. Organic peroxides 0.16%

6.1. Poisonous substances 0.30%
6.2 Infectious materials 0.23%
7. Radioactive materials Omitted

8. Corrosions 1.62%
9. Various hazardous materials and items 2.93%

Another important statistic is the percentage share of the use 
of means of transport of dangerous goods: cisterns up to 79%; 20% 
containers; canned goods 1% - Table 2.

Table 2. Percentage by carriage method [2, 8, 9]

Percentage by transport method

Cisterns 79%
Packages 20%

Bulk 1%

Road freight transport in the EU, including Poland, is constantly 
increasing, as evidenced by the data presented in Table 3. In Poland, 
there is also a growing tendency in the transport of dangerous goods 
by road.

The carriage of cargo by road transport expressed in tonne-
kilometers of previous years accounted for a 12% share in the total 
transport of the European Union, which means that Poland among 
the EU countries was in second position behind Germany, and before 
Spain and France. In international transport, Poland had a 21% share 
of the 28 EU countries and was in the first position ahead of Spain and 
Germany.

Table 3. Road transport - transport of dangerous goods [2]

Year Weight of goods

2010 149.13 million tons
2015 150.57 million tons
2016 154.66 million tons
2017 174.72 million tons

4. Threats of dangerous goods 
transport 

The safety of road transport of dangerous goods applies directly to 
the entire EU area and all its citizens. There are 495 million road users 
in the 28 Member States of the European Union. of which 300 million 
have a driving license. They use nearly 300 million vehicles on a road 
network with a total length of around 5 million kilometers. Every 
day, explosives and materials, inflammable, poisonous, infectious, 
corrosive and radioactive substances are transported over hundreds 
of thousands of kilometers. The transportation of these goods requires 
specialist knowledge and sometimes specialized vehicles.

Among factors causing the increase of hazard [3], which 
is associated with the transport of toxic substances, the most 
important are: number of transports (especially in road transport), 
technical condition of vehicles and tanks used for transport, residual 
or complete lack of monitoring of transports, non-compliance with 
international transport regulations dangerous substances (ADR), 

no separate safe transport routes (a small number of bypasses in large 
agglomerations) and finally a difficult to specify place of possible 
failure.

Potentially the biggest threats [7] can also cause chemical 
accidents and disasters. In particular, hazards resulting from the 
storage and transport of hazardous chemicals are predominant here. 
As a result of failures, often connected with the negative influence of 
natural forces, to the environment in an uncontrolled manner, every 
year a large number of chemical substances that may cause a potential 
danger get through.

n the analysis of road accidents, not only those connected with 
the transport of dangerous goods, the issue of causality comes to the 
fore. Identifying the main reasons [7] and conditions co-occurring 
in unexpected events is necessary in determining and attributing 
fault to the offender and the scope of his liability. In general, the 
following causes of accidents are indicated:

• excessive speed and non-adaptation to weather conditions on 
the road,

• incorrect passing, overtaking or “maneuvering” while driving,
• enforcement of the right of way and failure to comply with 

regulations in this respect, - failure to adjust a safe distance 
from the vehicle in front,

• failure to use appropriate signaling when changing the lane 
or turning direction,  non-observance of road signs and traffic 
service signals,

• failure to comply with the regulations regulating traffic lights 
on the road,

• driving at night on traffic lights and dazzling other road users,
• lack of care for vehicle safety devices (brakes, lighting, 

maintenance).

In Poland, there are on average up to 70 road accidents in the 
transport of dangerous goods a year, in 2010-2017 there were more 
than 500 accidents in total. Accidents involving tanks are on average 
around 75% of all accidents per year. This trend remains stable, and 
may even increase as the forecasts for the coming years show that 
truck traffic will increase.

In the last period of time, the threat of using transport with 
hazardous materials to terrorist attacks has also increased.

5. New technology in dangerous 
goods transport system

5.1 General requirements

The development of transport companies is the fact that not only 
is their vehicle fleet increased, but also that more and more modern 
management systems are being introduced. To manage effectively 
- both effectively and economically - modern logistic systems are 
needed, providing quick and comprehensive information on the 
managed means of transport.

The current development of telecommunications and radio 
communication as well as IT methods enables [1] the introduction 
of integrated services consisting in continuous determining the 
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location of vehicles and automatic monitoring of transport in national 
and international transport, not only by road but also by rail.

As you can see, congestion on roads increases signifi cantly in 
Poland as well as throughout the EU. Weather conditions are changing, 
appearing suddenly, and events on the roads have a signifi cant impact 
on the quality and safety of transport tasks.

Mobile communication is becoming more and more crucial 
during transport and search and rescue operations [4]. Continuous 
development of roads requires the use of eff ective cargo management 
systems, enabling their location, reporting of cargo status and vehicle 
data.

Th e positioning system and given means of transport enable 
automatic transmission of relevant reports to the management center, 
which enables dispatchers to search for vehicles, observe their 
routes in real time and change the strategy or route. Th e ability to 
track vehicles and goods transported in them helps in fi nding them 
immediately. It is very useful in the case of theft .

Very oft en, the recipients of such monitoring services are transport 
companies. Ignorance of the position of vehicles and their technical 
condition, as well as the inability to quickly decide about the routes 
of vehicles, are refl ected measurably on the revenues of the transport 
company.

The vehicle tracking system can meet the expectations of 
diff erent user classes. Appropriate management of dangerous goods 
transport [1] can help the relevant state services to meet their main 
obligations in the area of reducing the likelihood of disasters and 
preventing their consequences. 

Th erefore, it is natural to be interested in such systems from the 
industrial manufacturers of hazardous materials and their recipients. 
Effi  cient organization of transport, the possibility of preparing 
unloading on time, fl exible response to unforeseen irregularities 
or threats in planned transports is important not only for security 
reasons, but also due to the optimal use of infrastructure and human 
resources. 

In our country, unfortunately, there is no nationwide system that 
would support the activities of any interested party - state institutions 
involved in security and the companies themselves providing 
specifi c products. Analyzing the problem of the risk of negative 
manifestations in enterprises, on roads, in tunnels, parking lots, etc., 
it can be stated that it is clearly unresolved due to the lack of a road 
transport safety system of dangerous goods. Although this problem 
has been formulated, no system has been developed so far that would 
focus all aspects related to security in its entirety.

5.2 Functional requirements

Th e fi gure 3 presents the functional structure design of the 
road transport safety system for dangerous goods.

It is necessary [5] to carry out several tasks:
• identifi cation of vehicle tracking and tracking systems that 

carry dangerous goods across the EU and beyond,
• development of general, functional and technical requirements 

to make the system work effi  ciently.
• Th e functional structure may contain elements such as:
• on-board devices that will be installed in vehicles will enable 

remote data reading,

• communication servers and their control panel,
• terminals that will include key institutions and enterprises: 

emergency services, emergency notifi cation center, control 
services, Government Security Center, Government Emergency 
Management Center, transport company.

Such a system may be of great importance in the case of not 
only the transport of dangerous goods, but also valuable cargo or 
requiring special supervision for other reasons (eg strategic ones). 
Due to this kind of use in the user’s class, they can fi nd not only 
the above-mentioned institutions, but also the Customs Service, the 
Police, the Border Guard and security companies that specialize, for 
example, in the transport of money, special cargoes (eg radioactive 
materials).

In terms of functionality, the system [5] includes:
• locating means of transport,
• confi guration of devices installed in the car,
• communication with the head offi  ce and not only,
• collecting information from the on-board device of the means 

of transport, sensors, meters, etc.

In connection with the above, it is important to create special 
monitoring systems (location, radio communication and data 
transmission), [11] enabling data transmission over large areas, and 
at the same time being a reliable source of information about the 
location of vehicles that are of interest to companies and institutions 
using system services.

Fig. 1. Functional structure of system [own study]

To ensure eff ective and effi  cient operation, a nationwide transport 
base created, supporting the relevant security system operations, it is 
necessary to create conditions for fast data collection and exchange. 
Because the constantly growing transport base in Poland requires a 
review of existing systems and their subsequent integration.

Th e use of a satellite system of locations and terrestrial systems 
[1] is an optimal and eff ective way to route and ensure transport 
safety. It enables optimization of transport costs by reducing fuel 
consumption and reducing travel time. It provides access to high 
quality services and effi  cient and reliable data transmission. It 
contributes to maintaining the company’s position as well as its 
development.
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Carrying dangerous goods in the country, as well as outside its 
area and in large agglomerations, is associated with a threat to the 
safety of the driver and cargo. Most of the theft with cargo is carried 
out in the cities when delivering the product to the recipient. 

The development of a functional structure that allows the 
continuous monitoring process throughout the country, by 
institutions and enterprises in real time, can facilitate not only route 
delineation, control of the driver, vehicle, loading and unloading.

In the created functional structure, each vehicle should be 
equipped with a modular location and transmission driver, thanks 
to which information about its location and data exchange between 
users will be possible at any time during transport.

The developed system and a comprehensive approach to risk 
will allow for the development and updating of modern standards 
to ensure the implementation of legal regulations concerning 
dangerous goods, procedures for responding to negative events. 
It will also enable the creation of databases on threats that occur 
during transport, in places that can be bypassed earlier.

There are many advantages to creating such a system. Thanks to 
cooperation with radio and television broadcasters and the Internet, 
such a system can create a wide area of information exchange, both 
with active and with potential road users, including pedestrians and 
passengers of public transport.

5.3 Technical requirements

The operation of satellite vehicle tracking systems using GPS 
is possible thanks to the combination of advanced satellite, 
telecommunications and IT technologies.

The location subsystem uses US NAVSTAR military satellite 
satellites [1, 4]. As of today, the accuracy of the system is about 25 
m (90% of measurements), and after using the reference station the 
average error is about 5 m.

The data collection and processing subsystem is installed in the 
mobile object. His tasks include receiving satellite signals. These 
signals, after their processing by the microprocessor, are data in 
the form of geographic coordinates and the speed parameter. This 
information together with reports on the state of the object are sent 
to the monitoring station.

The data transmission subsystem uses conventional radio 
networks (eg PMR - Private Mobile Radio, PAMR - Public Access 
Mobile Radio), mobile telephony (GSM, UMTS), including packet 
data transmission, as well as satellite communications. This subsystem 
is responsible for ensuring two-way communication between the 
monitored facility and the monitoring center [4].

The monitoring subsystem is responsible for the continuous 
monitoring and management of the facility, both during its movement 
and when it is parked.

The monitoring station operating 24 hours a day, monitors 
the route of the vehicle on an ongoing basis. In the absence of 
current information about the location of the vehicle, it notifies the 
indicated and appropriate persons. If there are grounds for believing 
that a theft of a vehicle or load took place, e.g. after reaching an alarm 
monitoring station, a motion sensor installed indicating the vehicle 
moving without a running engine, or a driver’s safety threat (panic 
alarm) occurred, police or other services. 

Both within the country and abroad, the last known position 
of the vehicle is reported to the police. If the vehicle is stolen and 
information about the location of the vehicle continues to reach the 
monitoring station (which means that the vehicle equipment has 
not been found and destroyed by the criminal), this information 
is transmitted to the police on a regular basis significantly reduces 
the time of intervention and accelerates the vehicle and load [5, 9].

Even during a road accident or breakdown involving a truck (not 
only), which carries very dangerous goods, the monitoring service of 
carriers will significantly accelerate the crisis management process, 
informing the relevant emergency services, which can undoubtedly 
contribute to a significant reduction of catastrophic consequences.

However, it should be realized that there are communication 
problems, for example when the moving means of transport is in the 
tunnel (no GPS signals then), in urban areas with dense buildings, 
in bad weather conditions (hail, fog, heavy rain). In such cases, the 
monitoring shall take over ground communication means.

6. Results of own empirical 
researches 

The method of a questionnaire-expert was chosen which enabled 
relatively fast rate of population research and ensures anonymity, 
thanks to which the reliability of received answers can be obtained. 
In the article was presented a partial result of the research that was 
carried out for the purposes of the doctoral dissertation. In the 
research, an auditorium survey was used, before which the author 
met directly with the respondents during a  conference related to 
the research topic, transport companies and the mentioned state 
institutions. There are answers for some questions.

Question: Which elements of your opinion should be improved 
in road infrastructure to increase the safety of dangerous goods 
transport (DGT)? Please indicate up to 3 elements – Table 4.

Table 4. Elements in road infrastructure to improve the safety of 

DGT [own study]

The possible answers
Number of 

respondents
%

1. Length of motorways and 
expressways 53 48,6

2. Number of bypasses 69 63,3

3. Number of guarded car parks 33 30,3

4. Technical condition of roads 72 66,1

5. Road marking 26 23,9

6. ITS 24 22,0

For the above question, the most important elements that need 
to be improved, to be safer 66% exchanged the technical condition 
of roads, 63% pay attention to the number of bypasses, and 49% 
for the length of motorways and expressways.

In response, other respondents also mentioned several other 
elements that were not included in the survey: driver training, 
driver driving culture, secure parking lots for ADR. 
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The next question was to obtain information on the elements 
that affect the level of hazards of dangerous goods. It appears that 
for the lack of threat the most respondents indicated rescue (10%). 
Almost every third respondent stated that rescue is a low risk for 
the transport of dangerous goods. The respondents most frequently 
indicated such factors as: threat detection (39%), length of roads 
and motorways (40%), number of guarded car parks (44%), vehicle 
monitoring (45%), ITS systems (47%). The answer to the high threat 
is the most marked: technical condition of roads (62%).

Another question reflecting the state of road safety of dangerous 
goods is obtaining opinions on the largest organizational problem 
in the transport of dangerous goods. The respondents had only one 
answer to mark – Table 5.

Table 5. Elements in road infrastructure to improve the safety of 

DGT [own study]

The possible answers
Number of 

respondents
%

1. Lack of proper means of 
transport 11 10,2

2. Protection of loads 26 24,1
3. Regulations 8 7,4

4. Employees’ incompetence 39 36,1
5. Bad work organization 15 13,9

6. Monitoring of loads 9 8,3
7. Other problems (what?) 3 2,8

In the opinion of the respondents, the most important problem 
in organizing the transport of dangerous goods is the incompetence 
of employees - 36%. Another important problem identified in the 
second place - 24% is the securing of loads, which in the case of 
transport of dangerous goods is very important for safety reasons. 
The incompetence of employees can be read more widely in the 
recent reports of the Supreme Audit Office, which in a rather 
negative way indicate this problem.

In response, other opinions were given, such as: no one controls 
drivers, road infrastructure, beltways, auto equipment with additional 
lights and sounds.

Other factors that affect the level of security are state services and 
their activities. Do you think that cooperation between institutions 
dealing with the safety of transporting dangerous goods is correct? 
Please choose one answer– Table 6.

Table 6. Cooperation between institutions dealing with the safety 

[own study]

The possible answers
Number of 

respondents
%

1. It is very good 1 0,9
2. It is rather good 62 56,9
3. It is rather bad 19 17,4

4. It is bad 3 2,8
5. I do not know, it’s hard to say 24 22,0

As a result of the next question, it turned out that nearly 57% 
of the 110 respondents claim that the cooperation between the 
institutions is rather good. In spite of this, the anxiety should be 
aroused by the fact that only 1% of respondents say that cooperation 
between the servants is very good. On the other hand, over 20% 

of the respondents had no opinion, which may be the result of 
uncertainty in choosing the right answer.

Table 7 presents results regarding the operation of emergency 
services in Poland. How do you think the emergency services in 
Poland react during a dangerous incident involving the transport 
of dangerous goods? Please choose one answer.

Table 7. Results regarding the operation of emergency services in 

Poland [own study]

The possible answers 
Number of 

respondents
%

1. very good (professionally) 22 20,2
2. rather good 63 57,8
3. rather bad 10 9,2

4. very bad (unprofessional) 1 0,9
5. I do not know, it’s hard to say 13 11,9

Respondents gave a very positive opinion on the quality of 
emergency services in Poland. Nearly 80% of respondents believe that 
the response of services to incidents related to hazardous materials is 
good or very good. Over 10% of people did not have an opinion on 
this topic.

To find out what could be improved to increase the level of safety 
in the transport of dangerous goods was asked about the actions to be 
taken to minimize the risk of occurrence of hazards.

The next question: What actions would improve the safety of 
transporting dangerous goods? Please choose one answer - Table 8.

Table 8. Results regarding the operation of emergency services in 

Poland [own study]

The possible answers
Number of 

respondents
%

1. New procedures 7 6,4
2. Continuous improvement of 

employees’ competences 79 72,5

3. Monitoring dangerous goods 15 13,8
4. Technological innovations 8 7,3

5. Other, what? * - -

In the question (Table 8), the dominated answer was the 
improvement of employees’ competences, which was answered by 
as much as 72.5%. As you can see (also taking into account previous 
questions, to which the respondents also pointed to problems with 
staff) the study has a very big problem with employees’ competences, 
which should come as a surprise, because people employed in this 
area should be properly trained and have a conscious knowledge 
about it .

The last question: What effects can be brought by the road 
transport system for dangerous goods that enables real-time 
monitoring. Please select any number of answers - Table 9.

In the question (table 9), the dominated answer was the improving 
transport safety, which was answered by as much as 64.25%, the 
second – traceability (50,5%), the third - the right route selection / 
route updating (47.1%).
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Table 9. The effects refers to real-time monitoring [own study]

The possible answers
Number of 

respondents
%

Improving transport safety 70 64,2
Traceability 55 50,5

The right route selection / route 
updating 52 47,1

Detection of threats 46 42,2
Improvement of cooperation 

between carriers and 
emergency services

45 41,3

The quality of transport tasks 29 26,6
 Effective and fast 

communication between the 
company and the driver

27 24,8

Selection of parking spaces 27 24,8
Other, what? * 1 0,9

7. Conclusion 

The carriage of dangerous goods by road is a complex process, 
which is why many sectors are responsible for its implementation: 
minister competent for transport, Minister of National Defense, 
minister competent for economy, minister competent for health.

Carriage of dangerous goods by road creates a high risk of 
breakdowns or accidents that cause fire, chemical, ecological or 
radioactive hazards. Consequently, it can cause terrible consequences 
for society as well as for the economic development of the country.

EU Member States should set out priority actions to eliminate 
threats, involving means of transport of goods threatening the public.

In addition, it should be noted that there is no monitoring 
system in Poland to control the movement of dangerous goods by 
road in real time. 

The use of GPS and GSM technology, supported by a specialized 
software package, gives the possibility of locating vehicles in Poland 
and throughout Europe. 

The development of monitoring system of dangerous goods 
can improve people’s safety and environment, the development of 
appropriate logistic methods can minimize the losses and costs of 
enterprises improving the exchange of information between the 
centres of production, transport, collection and rescue, that can be 
used in the area of transport safety.
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ABSTRACT
Methods of vehicles detection and classification using image processing are becoming increasingly popular, especially 
due to their non-invasiveness in the road surface and relatively lower installation and maintenance costs. These 
methods are commonly used in traffic flow monitoring systems and detection of vehicles with specific parameters. 
Importantly, the use of video analytics methods is still characterized by sensitivity to external disturbances such as 
variable weather conditions.  The work discusses selected data processing mechanisms that have been applied within 
the functioning vehicle recognition subsystem. As part of the analysis, the effectiveness of the applied solutions and 
sensitivity to the occurring weather conditions were assessed.

KEYWORDS: image processing, vehicle detection, vehicle classification

1. Introduction

Vehicle classification is an important issue related to traffic 
monitoring systems. Detection of vehicles and assignment to 
the appropriate class is currently carried out using a variety of 
measurement systems. Starting from loop classifiers, through radar 
and 3D scanners, ending with image processing methods. Vehicle 
classification is also possible through the use of various statistical 
methods, including discriminant analysis [1] and neural networks [2]. 
Importantly, due to the continuous development of image processing 
methods and the availability of libraries for machine learning, video 
methods are becoming more and more attractive. These methods do 
not require the use of specialized measuring devices and are finding 
application in case when there is no possibility of interference in the 
road surface. 

The first stage of image processing is the vehicle detection 
process. For this purpose, various mechanisms of vehicle detection 
are used, including motion detection [9], color transform models 
[11] or vehicle license plate detection [6]. A common solution is 
also the use of Haar-like feature in order to create a represented set 

of features of a given object [10]. An example of such solution may 
be the detection of a license plate using the Haar cascade and thus 
the detection of a vehicle.

In process of classifying vehicles based of video images different 
approaches are used. An example is the use of bayesian networks [3], 
support-vector machine learning [4] or neural networks [5]. The 
last of these techniques, which is characterised by high efficiency of 
operation, has been used as part of this work.

2. Vehicle detection

In order to detect vehicles, the Haar cascade was used. In this 
case, the detection of objects is based on the method proposed 
in work [8]. It is a type of machine learning based on software 
training using a very large set of images divided into positive images 
(containing license plates) and negative images (not containing 
license plates). On collected positive images, the cascading software 
examines specific image features that occur on all tested samples. 
The following features are detected: edge, line and four-rectangle 
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features (Fig. 1). Each feature is a single numerical value resulting 
from the diff erence of selected classifi ers and the analysed part of 
the reference image [12].

Fig. 1. The example of images for class car (own study based on [12]

In cascade diff erent sizes and locations of the classifi ers to search 
for a list of features are used. For example, a 24x24 pixel image can 
provide over 160,000 features to imporve classifi cation. During 
learning, the acquired features on individual images are tested 
throughout the training set to eliminate non-essential features. Th en 
the features are grouped into the next stages of classifi cation. Th e 
classifi cation takes place in a cascade. If at the beginning the image 
will not have the relevant feature it will be rejected and will not be 
qualifi ed as a registration plate. Th is approach allows a signifi cant 
reduction in computing power. Th anks to this, it is possible to detect 
vehicles in real time, where each frame of the recorded image can be 
subjected to detection of the license plate by the Haar cascade. For 
testing the Haar cascade used the open source project presented in 
[13]. Th e cascade was learned for European registration plates.

Table 1. The eff ectiveness of the vehicle detection [own study]

Camera
Number of 

vehicles
False 

Positive
Accuracy

Cam1 - day conditions 667 1% 97,6%

Cam2 - day conditions 313 3% 96,4%

Cam1 - night 
conditions 75 0% 94,5%

Cam2 - night 
conditions 88 7% 85,1%

Table 1 shows the eff ect of vehicle detection with the use of 
the Harr cascade. Th e assessment of eff ectiveness was carried out 
in day and night conditions for two observation points (cameras). 
Each camera registered two-lane traffi  c with the same direction of 
movement. Th e obtained results confi rmed the high effi  ciency of 
the presented method.

3. Vehicle classifi cation

Another part of the work is development of a vehicle 
classifi cation method using image processing techniques. In 
this case a convolutional neural network was used. As a training 
set and validation data used the images of vehicles assigned by 

expert to proper vehicle class. Th e data was divided into 5 classes: 
car, commercial vans, lorry and buses, articulated lorry and 
motorbikes. Th e example of images is presented respectively at 
Fig. 2 to 6.

Fig. 2. The example of images for class car [own study]

Fig. 3. The example of images for class commercial vans [own study]

Fig. 4. The example of images for class lorry and buses [own study]
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Fig. 5. The example of images for class articulated lorry [own study]

Fig. 6. The example of images for class motorbikes [own study]

All data was gathered from the several weigh in motion systems 
(WIM) which register basic parameters of vehicle such as axle load, 
length, speed etc. What is important as show in the Fig. 2-6 collected 
images were recorded with diff erent observation angles and diff erent 
backgrounds. 

Th e network was built based on the Tensorfl ow and Keras 
soft ware [14]. Th e Tensorfl ow soft ware is a low-level library that 
enables high performance numerical computations including the use 
of neural networks and the Keras soft ware is a high-level application 
programming interface to use deep learning models. Th e architecture 
of network is presented at Fig. 7.

Fig. 7. The architecture of convolutional neural network [own study]

In work a stack of layers with use of sequential model was 
used. Th e model consist of 2 basic layers and densely-connected 
layer with 128 units (Fig. 7). As a the activation function the 
rectifi ed linear unit was set and the output layer is using sigmoid 
activation. In order to compile network the AdamOptimizer and 
categorical_crossentropy loss function was used. 

Fig. 8. The accuracy for particular epochs [own study]

To fi t the model used the function fi t_generator with total 
number of steps at level 8000. Th e number of epochs was determined 
based on the distribution of network accuracy (Fig. 8). A value of 10 
was assumed for which 99,4% accuracy was achieved.

Th e training dataset contained almost 20 thousand of vehicle 
images. Th e number of images for classes car, articulated lorry and 
van was about 5 thousand per each class. Th e lowest number of 
data was for the motorbike class (Table 2). 

Table 2. The eff ectiveness of the classifi cation – training set

[own study]
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Car 98% 5259 39 3 7 72

Articulated 
lorry 95% 7 4948 216 0 13

Lorry and bus 76% 21 691 2626 1 123

Motorbike 86% 17 13 3 510 50

Van 91% 215 124 101 1 4678

Using presented neural network method the overall accuracy 
for the training dataset was about 91%. Th e highest eff ectiveness 
obtained between the car and the lowest for lorry and buses. As 
show in Table 2 there are many errors in distinguishing between 
the class lorry/buses and articulated lorry.

Th e next part of the work was the assessment of testing set 
eff ectiveness. In fi rst stage the testing set include image registered 
in favourable weather conditions. Th e example of images is show 
at Fig. 9.
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Fig. 9. The example of images for favourable weather conditions 

[own study]

In Table 3 presented number of images per each class and the 
eff ectiveness of the classifi cation. Th e high accuracy was obtained 
for the class car (98%) and van (94%) and lowest for articulated 
lorry in case of which there were several errors of classifi cation 
into the lorry and buss category. Th e accuracy for the motorbike 
class was 100%, however in the testing set, due to the winter 
period, registered only two records.

Table 3. The eff ectiveness of the classifi cation – testing set 1

[own study]
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Car 98% 147 0 0 0 3

Articulated 
lorry 87% 0 95 14 0 0

Lorry and bus 92% 0 11 152 0 2

Motorbike 100% 0 0 0 2 0

Van 94% 8 0 0 0 122

Th e second stage of testing was checking the accuracy for winter 
conditions. Th e example images of data set is presented at Fig. 10. 

Fig. 10. The example of images for winter weather conditions

[own study]

In case of winter condition the number of vehicle records per 
each category, despite motorbikes, was about 120-150 (Table 4). 
In this testing set there weren’t any motorbikes registered. Th e 
highest accuracy was obtained for the cars (99%) and the lowest for 
commercial vans (68%). Th e classifi cation of lorries was at level 85% 
and articulated lorries 94%.

Table 4. The eff ectiveness of the classifi cation – testing set 2

[own study]
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Car 99% 138 0 0 0 1

Articulated 
lorry 94% 0 139 9 0 0

Lorry and bus 85% 1 19 134 0 3

Motorbike - - - - - -

Van 68% 34 0 4 0 82

Summarizing the tests of the vehicle classifi er in diff erent weather 
states, the authors did not noticed signifi cant sensitivity for winter 
conditions for car, articulated lorry and lorries. Only for the van class 
there has been a noticeable decrease in the classifi cation levels. It is 
worth noting that confi rmation of submitted conclusions requires 
performing test on increased research sample and in more diversifi ed 
weather conditions.

4. Conclusion

Th e analyses presented in the paper showed a high usefulness 
of the presented methods of vehicle detection and classifi cation. 
However, these works have been made separately. Th is separation 
basically resulted from the necessity of obtaining a large set of data 
for the neural network learning process - nearly 20,000 records 
were used in the work. Th e next stage of work will be a combination 
of both presented mechanisms into one common system and the 
evaluation of its eff ectiveness in real traffi  c conditions. As part of 
future work, authors are planning to increase the number of layers 
in the neural network in order to improve accuracy of model. Also 
testing diff erent combinations of learning sets will be performed. In 
addition, the use of a graphics processor is considered to increase 
the effi  ciency of the neural network learning process.
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ABSTRACT
The current state of mobility in our cities is still showing worse and worse transport, security and environmental 
conditions. The most common problem of traffic services in cities is the inability to arrange the conditions for the 
transport of persons and the transport of goods and services. Inappropriate conditions are evident mainly in traffic 
congestion, which cause significant time losses for all users of the means of transport (mass transport of persons 
is not exemption). The daily practice proves that one of the crucial conditions not only for the satisfaction of the 
inhabitants, but also for the city’s own functionality is the high-quality, fast, safe and dynamic transport and also 
parking on its territory. Increasing and widespread traffic collapse in cities is caused by two factors. The first is an 
enormous increase in car traffic which significantly limiting other types of transport. The second is an inappropriate 
localization of various activities and facilities. Unregulated urban development is caused by disregarding the land-
use plan and cities have unregulated construction. This results in inadequate traffic requirements in specific areas, 
which significantly exceed the capacities of transport communications. In our papers are described mentioned 
problems and, as a deterrent example, we introduce the city of Žilina.

KEYWORDS: transport system, safety, mobility, transportation planning

1. Introduction

The current state of traffic services and mobility of our cites 
is making not only worse and worse transport conditions, but 
also environmental conditions for all residents, visitors and users 
of public space. The failure of city’s transport services causes an 
inability to provide the right conditions for the transport of persons, 
goods and services. This is obvious in traffic congestion, causing 
considerable time losses for all users of means of transport - public 
transport has not exemption. Poor state of traffic services is causing 
not only a lot of economic loss, resentment, but also worsening of 
environmental conditions in the city.

The consequences of problems with traffic services are commonly 
show as [1, 2]:

• delayed arrival at the destination (workplace, doctor, etc.),
• delayed delivery of goods and services,
• more emissions, noise, dustiness...,
• deterioration of living conditions in the city,

• reduced attractiveness and functionality of urban spaces,
• degraded humane space.

This state is generally known, it is said about it at all levels – from 
the people to the government and parliament. The consequences 
of underestimating the modal split in urban mobility have been 
remedied in whole Europe for decades.

Disregarding the need to systematically solve mobility problems, 
solutions are developed “spontaneously” without an objective 
knowledge of the context or causes of this state. Usually, the new 
solutions are based on wrong information, superficial comparisons 
with other situations, the need to carry out an electoral program 
or they are made under pressure of media, social groups, civic 
associations, and important individuals, especially those who do 
not work at this field!

This type of solutions does not only allow, but also supports 
popular, “modern”, generally “recognized solutions” of the problem. 
The typical example from this group of solutions are circular 
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junctions in settlements, located anywhere with any size and capacity. 
Making of one way streets is also very popular action, because it 
should improve a parking situation, but regardless of their transverse 
arrangement, the link to the superior communication network, or 
the 30-50% increase in traffic and environmental consequences.

Very rarely, the solution reflects mobility problems in cities, 
spatial planning, traffic planning and traffic engineering issues, 
and it also ensure the functionality of the system.

At present, the decision making is the task of local governments 
that do not have sufficient expertise and financial resources. This 
also highlights the lack of importance of a systematic and qualified 
solution to the “transport problem”. Construction of bypasses around 
cities does not remove the traffic collapse, because the significant 
number of vehicles is just beginning and ending in them [2].

2. Causes of mobility worsening

The complexity of the traffic situation in the city is conditioned by 
the specific character of cities in which various transport systems are 
concentrating, distributing and intersecting together and also with 
cyclist and pedestrians. Without the realization of the movement of 
all traffic participants, the city could not fulfil its social functions. 
The city’s transport infrastructure must therefore fulfil the needs of 
automotive, public transport, cycling and walking throughout the 
city and its agglomerations. Here, complete segregation of transport 
is virtually impossible. Complex security of these basic needs for city 
transport services and mobility underestimated and often ignored.

Cities, despite their generally wrong attitude to public transport 
and parking policy, have come to a situation where they cannot 
cope with the high demands on transport and parking. Satisfaction 
of demand is the necessary basic condition for city mobility 
and transport services. Effective parking regulation must take 
into account and ensure all the conditions and needs of its users, 
residents, entrances, as well as the humidity of the street and the 
whole area. In European cities, such measures are implemented on 
the basis of the approved parking policy of the city, which is part 
of the General Transport Plan and Land Use Planning Regulation 
Documents.

It is also similar with the quality and level of technical and 
organizational security of mobility needs. Current solutions do not 
resolve and do not take into account the specific situation in the 
space. Although solutions are in line with current standards, they 
cannot always take account of specific transport conditions in cities; 
very similar is also in the sphere of organization and management 
of transport.

It follows that the approach to problem solving needs to be 
changed. According the current state of responsibilities, cities have 
a responsibility to deal with the functionality of cities and their 
agglomerations; they are responsible for removing or reducing the 
deficiencies in the space they manage. It seems that cities are not 
sufficiently equipped for this task at present [2, 3].

The causes of mobility worsening can be summarized in the 
following points [1, 2]:

• The absence of systematic land-use planning. As part of these 
procedures, there is important prognosis of the development 

of activities and their deployment, with an assessment of the 
consequences of transport demands between them, their size 
and the possibilities of the transport system.

• Insufficiency and inadequacy of:
• transport network and transport equipment,
• means of transport,
• management and regulatory system.

This state is caused by activity during the preparation of land-
use planning, especially by ignorance and underestimation of the 
basic factors of the emergence of transport needs.

3. Žilina as an example of a non-
conceptual solution

3.1 Characteristics of the city Žilina

The city of Žilina is the centre of north-western Slovakia and 
the fourth largest city in the Slovak Republic, with an area of 80.03 
km2 and by December 31, 2011 had 84,514 inhabitants. The city 
with its gross domestic product (GDP) per capita is ranging from 
second and third place in Slovakia. The transport network is created 
of road connections and junctions. The city of Žilina is one of the 
eight regional towns in Slovakia. Transport plays a very important 
role in it. Žilina is the fourth largest city in Slovakia. Currently, the 
city has 83,449 inhabitants after population census in 2016 [4, 5].

The current state of road infrastructure can be characterized 
by a relatively dense road network. Only a small amount of these 
connections are roads from upper categories, like expressways and 
motorways. The total length of the roads in Žilina was 321.496 km 
on 1st of January 2017. From the annual data about length of road 
communications is clear that during last 10 years there were only 
11 kilometres of new roads built in Žilina. From the data it is also 
obvious that total length of first class roads (I) is 77.730 km, second 
class roads (II) have 53.776 km and third class roads (III) have 
longitude of 180.254 km. The motorways make up only 9.736 km. 
The density of the road network characterized as a ratio between 
length of the roads and the area is 0.394 km/km2. This value of 
density is higher than Slovak average which has value of 0,366 km/
km2. Other indicator is not so positive. The density of road network 
calculated as length of roads per 1000 inhabitants is 2 061 km/1000 
inhabitants. This means that Žilina belongs to Slovak cities with the 
smallest density  [4,5].

The most important basic document for the strategy of 
development of the city of Žilina was a new city plan, which was 
approved after 17 years of changes in 2012. Its acceptance was 
important due to the fact that the previous plan was accepted 30 
years ago. Previous plan could not be used for the needs of the city, 
because there were fundamental socio-economic changes after 
1989. After 1989 there was an uncontrolled developer’s construction 
that caused today’s significant traffic problems.
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3.2 Basic communication system of the city

Th e basic communication system of the city of Žilina is radial-
circular. Currently, it is created by its main radials, but it also 
consists of three circuits. Nowadays, the fourth circuit is in 
construction. Th e fi rst circuit around the historic area of the city is 
part of a supplementary city network. Th e second circuit is situated 
around the central city zone with an obvious central city zone. Th e 
circuit is made up of two-lane urban communications and one-level 
junctions, usually with separate turning lanes.

Th e third – fast circuit is the key traffi  c route of the city. 
Currently, this circuit is necessary for transit transport and also for 
external source and destination transport as well as to distribute the 
city’s internal transport. It must to serve the city transport, until the 
construction of the fourth circuit and the surrounding motorway 
network will be done.

Th e planned fourth circuit is an important part of the 
communication system. Th is circuit is designed to connect the 
eastern part of the city and the industrial sector in the south-western 
and southern parts of the city.

Th e circuits are connected to the outer road network by radial 
communication system (11 radials). Th ey also provide a connection 
between the city and the city centre. Th e arrangement scheme of 
the basic communication system with the main radials is shown in 
the Fig. 1.

Fig. 1. Arrangement scheme of the basic communication system [4]

3.3 Traffi  c problems in the city of Žilina

Currently, two complicated traffi  c problems are obvious in Žilina:
• Košická Street, which is begins on the junction of the roads no. 

I/18 and I/18A (Košická).
• Vysokoškolákov Street.

Th ese communications are a demonstration of unregulated 
construction. In the Fig. 2 are shown these mentioned radial 
communications on the map of the city.

Fig. 2. The mentioned radial communications in Žilina [edited from 

Mapy.cz]

3.3.1 The Košická Street

Junction between the fi rst class roads no. I/18 and I/18A 
(Košická Street) is a one-level junctions. According to its ground 
plan, it is the cross-type junction and from the construction view, it 
is the traffi  c-light-controlled junction. Th is junction allows a real-
time traffi  c management or a traffi  c-dependent control. Th erefore 
it is possible to change and optimize traffi  c values (for example 
the length of the green signal). In this junction the detectors are 
placed in front of the stop line. Th ey detect the immediate presence 
of vehicles. On all entrances are also pedestrian traffi  c signs and 
traffi  c lights accompanied by acoustic pedestrian information. 
Over 54,000 vehicles go through intersection in 24 hours. Th e 
junction is controlled by various signalling plans, which are started 
aft er the detector prompts. It is controlled in 5 phases. If aft er the 
end of the second phase there is no requirement for green signal, 
controller will start directly the fourth phase.

Th e main disadvantage of this junction is frequent traffi  c jams on 
its entrances. During the traffi  c lights failure, there is also a problem 
that drivers do not respect the priority in driving according to Act 
no. 8/2008 [6]. When the traffi  c accident is occurred on the road 
no. I/18, the junction becomes impassable and the entire city 
communication network has problems.

On the junction we performed 8 hours traffi  c survey on 22nd of 
February 2018. During the whole traffi  c survey, 45 110 vehicles go 
through junction. Th e morning peak hour was from 7:45 to 08:45 
a.m. During this interval there were 6,742 vehicles counted. Peak 
hour is shown by diagram in the Fig. 3. Traffi  c fl ow is composed by 
80% of passenger cars, so the traffi  c fl ow is homogenous in this case. 
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Fig. 3. Intensity diagram of the junction [own study]

Comparison with traffi  c surveys which were performed in 2006 
and 2010 shows following alarming results: Th ere is an increase of 
133.1% in volume of vehicles at the junction compared with 2006 
and the increase of 63.83% compared with 2010.

Despite these problems, competent authorities in Žilina allowed 
the construction of the Sconto store. Its building is located behind 
the junctions in the busiest direction to Martin where a traffi  c-light-
controlled junction with dynamic mode. In September 2018 the 
store started its activity and the traffi  c-light-controlled junction was 
launched and in a very short time there were congestions in the all parts 
of Žilina. Th e biggest delay times of public transport vehicles were up 
to 58 minutes. Th ey were detected from the on-board computers and 
they were caused by the fact that there is no preference in the city. 
Aft er several protests, traffi  c lights were turned off , but the problems 
were not resolved. With the increasing number of vehicles, problems 
can get worse and traffi  c in Žilina will have diffi  culties during peak 
hours. Th e problem will  be solved aft er completion of the tunnel 
Višňové on the D1 motorway. Its completion is still being extended. 
Th e latest completion date is 2022. In November 2018 the traffi  c 
survey was performed on the junction.

Junction modelling

Th e TSS-Aimsun soft ware was used for creating the transport 
model. Th e number of performed simulations was 40. Aft er last 
simulation, the average was compiled. Two diff erent situations 
were simulated – before and aft er building the Sconto store. Th e 
following fi gure shows the state of the intersection before building 
the aforementioned shopping centre [7, 8].

Fig. 4. The traffi  c situation before and after shopping centre 

accomplishment [own study]

From the Fig. 4 it is obvious that traffi  c jams are formed in 
the direction from the city, but their lengths are relatively short. 
Vehicles go through the junction in the fi rst or second cycle of the 
junction. Th e traffi  c situation aft er shopping centre accomplishment is 
signifi cantly worse.

From the above-mentioned simulation, it can be seen that 
the road which connects the city of Žilina and Martin is blocked. 
Th ere are also frequent a large traffi  c jams from the junction near 
Sconto shopping centre to above mentioned junction.

Th e simulation results are shown in the following fi gures and 
tables. In all of the pictures there is following arrangement: on the 
left  there is a situation before open a shopping centre and on the 
right is the situation aft er building a shopping centre.

Fig. 5. Comparison of the delay before and after opening the 

shopping centre [own study]

In the next fi gure is performed simulation of travel time and 
stop time. Th ey reach signifi cantly worse values aft er opening the 
shopping centre Sconto.

Fig. 6. Comparison of the stop time and after opening the shopping 

centre [own study]

In the following table are important data from simulation 
which increased.

 Table 1. Results from simulation with increased values [own study]

Parameter With Sconto
Without 
Sconto

Units Increase [%]

Delay Time 250,98 512,4 sec/km 104,16%

Density 33,74 53,55 veh/km 58,71%

Stop Time 222,28 502,40 #/veh/km 126,02%

Travel Time 318,53 587,22 sec/km 84,35%

Number of 
Stops 0,87 0,91 #/veh/km 4,60%

In the Table 1 it is possible to see an increase in the individual 
values of the indicators for all vehicle categories. Th e stop time has 
the most signifi cant increase. Its growth is worth up to 126.02% 
aft er the opening a shopping centre. Th e number of stops increased 
only by 4.60% and it is the smallest increase.
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Table 2. Results from simulation with decreased values [own study]

Parameter With Sconto Without 
Sconto Units Decrease 

[%]

Flow 5033,3 3817,1 veh/h 24,16%

Speed 20,16 18,92 km/h 6,15%

Some values decreased during the simulation. The value of 
intensity decreased by 24.16%. Other parameter – intensity decreased 
by 6.15%. All the simulation results, numerical and also graphic, 
confirm the fact that the situation after opening the Sconto store is 
getting worse. 

3.3.2 The Vysokoškolákov Street

The Vysokoškolákov Street is one of the most important transport 
communications in the city’s transport network. After wrong decision 
in the past, the traffic-light-controlled junctions were rebuilt to 
circular junctions. Nowadays, these small circular junctions cause the 
significant traffic problems.

The road on Vysokoškolákov Street is 2.7 kilometres long. The 
surrounding area with exception of dormitory and residential 
area was defined as sport part of the city before 1989. After Velvet 
Revolution the area was reorganised without regional planning. 
Then civic amenities were built: 5 large shopping centres, 3 
petrol stations, a polyclinic, a Europalace with a post office and 
a client centre of the Ministry of the Interior of the SR. This wild 
construction has caused huge traffic problems. Representatives of 
the city wanted to resolve the bead traffic situation in the city. They 
made a very unfortunate step and built 4 circular junction instead 
traffic-light-controlled junction, which were there for many years. 
The traffic problems have been getting worse. Communication is 
the third worst accident section in Žilina. This street is usually 
impassable during the peak hours.

We did the profile traffic survey of all circular junctions on 
Thursday 12nd October 2017 in time from 6 o’clock a.m. to 6 
o’clock p.m. After the evaluation of traffic survey we found out to 
following information. The most loaded junction is a small circular 
junction near the shop Lidl. During the time of traffic survey, 28,893 
vehicles come through this junction. The least loaded junction is 
the small circular junction near the shop Kaufland, where 23,236 
vehicles come through during survey. The difference between these 
two junctions is caused by vehicles, which have used exits number 
8, 6 and 5. We have used the conversion coefficients according to 
Technical Conditions 102 for calculating from real vehicles to unit 
vehicles. The following table shows the conversion coefficients from 
technical conditions.

From the profile traffic survey we have found peak hours for 
each circular junction. Peak hours were in different time intervals 
of the day. Peak hours of junctions near Kaufland and Dubeň are 
from 3 o’clock p.m. to 4 o’clock p.m. Third junction has a peak hour 
from 12 o’clock p.m. to 1 o’clock p.m. The intensity from 3:00 p.m. 
to 4:00 p.m. is lower by 132 vehicles.

We have also performed the second type of traffic survey - the 
directional traffic survey, because we have needed to know the 
direction of each vehicle. This survey we did on Thursday 19th 
October 2017 in specific time interval from 3:00 p.m. to 4:00 p.m. 

We have recorded the video with the video camera situated on 
street light column or on the roof of the vehicle. Thanks to the 
record, we have found out the direction of each vehicle which has 
come through the junction. It was very important material for 
creating a traffic model in special software [9].

From each record we could see not only directions of vehicles, 
but also the composition of traffic flow during peak hour from 
3:00 p.m. to 4:00 p.m. The passengers cars were the most common 
vehicles, 3,663 cars have passed the junction. Only 7 motorcycles 
have come through junctions, so it is the smallest group of vehicles 
in traffic flow. Totally we have counted 3,806 vehicles in this specific 
part of traffic network. Passenger cars make 96.24% of traffic flow.

Modelling of the road communication

We have used a map data in scale for creating of traffic model. 
Example of map data is shown in the Fig. 4. This network simulates 
real traffic network with set parameters. These parameters were 
the capacity and speed of vehicles. For creating traffic network 
we have used transport planning software Aimsum from Spanish 
company Transport Simulation Systems.

 We have set the maximum speed 50 km.h-1 on the all of the road 
sections. Lower speed was set on the circuits of circular junctions. Its 
value was 30 km-1. This setting is based on real traffic network. In 
the whole city is a speed limit of 50 km-1. The interval for speed on 
circuit is from 20 to 40 km-1. For the purpose of transport planning 
we chose the value 30 km-1, which is appropriate for smooth and 
safe driving through small circular junctions [10, 11].

The next important step was the creation of a matrix of 
transport relations between each area. These transport relations 
were distributed according to types of vehicles. 

We performed two simulations according traffic surveys:
1. The first created traffic model was the current state. This model 

consists of three consecutive small circular junctions. This 
configuration of junctions is called “Snowman” among the 
inhabitants of Žilina. 

2. The second compiled traffic model was a network, which consists 
of three junctions with traffic lights. This model respects width 
of roads, so it is possible to transform each junction. 

In total we have performed ten simulations for each model. 
Every simulation has lasted for 2 hours long and we have simulated 
the traffic during peak hour. From the output numbers we have 
done average and then we have recorded data according the types 
of vehicles. We have recorded data for 5 categories of vehicles 
according Technical Conditions 102. These categories are:

• passenger cars,
• trucks,
• heavy trucks,
• motorcycles and
• bicycles.

Indicators like delay time, travel time, speed, number of stops and 
stop time were significant for our research. Graphics comparison of 
indicators is in following figures. Graphs of current state are shown on 
the top position and the new proposal is below.
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Table 3. Outputs from simulation [own study]

Time Series Roundabouts
Light-

crossed 
Junctions

Units
Decrease 

[%]

Delay Time 
- All 267.39 68.74 sec/km 74.29

Density - All 47.58 14.65 veh/km 69.21

Number of 
Stops - All 1.17 0.39 #/veh/km 66.67

Stop Time 
- All 241.47 56.14 sec/km 76.75

Travel Time 
- All 341.14 136.01 sec/km 60.13

Some parameters from simulation have increased. The traffic 
network in specific area was not blocked, so the intensity of traffic 
flow has increased by 7.56%. Therefore the traffic network is not 
so busy. Speed parameter has increased from 18.33 km.h-1 to 31.99 
km.h-1. It is increasing by 42.70% in comparison with the current 
state.

It is clear that the reduction of the above mentioned indicators 
also leads to a reduction of the different types of emissions produced 
by vehicles on the transport network. Software TSS – Aimsun allows 
choosing between two ways of calculating emissions: QUARTET, 
1992 and Panis et al, 2006. The second alternative was chosen for 
calculating emissions according to predefined parameters. In 
software there were 4 emission categories recorded: IEM Emission 
CO2, NOX, PM and VOC. Their values obtained and also percentage 
decreases are shown in the Table 4 [11].

Table 4. Decrease of emission values [own study]

Time Series Roundabouts
Light-crossed 

Junctions
Units Decrease [%]

IEM 
Emission - 
CO2 - All

2 413 918.49 1 485 629.56 g 38.46

IEM 
Emission - 
NOX - All

5 483.24 3 464.60 g 36.82

IEM 
Emission - 

PM - All
679.49 351.83 g 48.22

IEM 
Emission - 
VOC - All

4 531.24 2 061.73 g 54.50

4. Conclusion

This analysis of the traffic situation in the city of Žilina can be 
applied to other cities in Slovakia. Removing the causes of transport 
chaos in cities will enable a gradual improvement of the transport 
situation. The goal is to achieve a sustainable development of 
transport for the complex development of cities with improving the 
environment [12-14].

The main conclusions and recommendations are:
• In the area of spatial planning, it is necessary to focus on the 

protection of cities against the uncontrolled expansion of 
passenger cars. Important is using of public transport, the 

supporting of cycling and pedestrian traffic, the provision 
of differentiated, more environmentally friendly transport 
services and the transportation of goods through the cities 
with the avoidance of undesired transit.

• Strengthen the importance of transport planning and related 
documents.

• Improve the quality of transport management and decision-
making by creating conditions for employing of qualified 
professionals in government and public services that will manage 
transport and make related decisions.

• Adopt legislative measures to develop relevant transport 
documentation in the field of planning, design and management 
of transport at all levels of government (state, region, city and 
zone) [15-17].
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ABSTRACT
The prediction of traffic accidents in urban networks is one of the key future theme in the areas of traffic control and 
navigation. Early identification of the risk of a traffic accident can lead to an increase in the safety and smoothness 
of road transport. Neural networks belong to the expert methods for modeling of complex systems. The issue of 
their use in the transport sector is scientifically quite progressive. The article describes the design of prediction 
model based on available traffic data from town Uherské Hradiště. Traffic data was collected from many sources, 
e.g. junction detectors, meteorological stations or traffic accident portal. Appropriate parameters for the model were 
selected from the traffic data. The model was then tested on a 2-month data sample. The aim of the article is to 
confirm the suitability of using neural networks to predict traffic accidents.

KEYWORDS: traffic accidents, predition, neural networks

1. Introduction

With the increasing degree of automobilism in larger cities, 
the demand for deploying of intelligent transport systems is rising. 
The prediction of traffic variables is one of the key future topics in 
the areas of traffic control and navigation. Timely anticipation of 
traffic accidents is important for strategic management of larger 
urban areas in order to increase traffic safety and fluency, reduce 
emissions and reduce the overall economic costs of transport. In 
addition, timely accident prediction can help the drivers themselves 
to reduce the risk of additional traffic excesses and optimize the use 
of transport capacity.

This article describes the design of prediction model based on 
available traffic data from town Uherské Hradiště. Traffic data was 
collected from many sources, e.g. junction detectors, meteorological 
stations or traffic accident portal. Appropriate parameters for the 
model were selected from the traffic data. The model was then tested 
on a 2-month data sample. 

2. State-of-the-art

Compared to classical analysis, the advantage of neural networks 
for predicting time series is the ability to learn from measured data 
and the ability to detect hidden non-linear dependencies. The 
disadvantage, on the contrary, lies in the fact that it is not possible 
to predict the magnitude of the forecast error or to determine the 
confidence interval. In general, the main task is to find the optimal 
system model. There are two ways to do it:

• Deductive method - First, the general model is selected and 
then it adapts to the desired behavior during learning, which 
means that the model of the system that is being searched is 
created by setting the coefficients. Most neural networks are 
based on this principle. Even in the case of the problem of 
prediction of traffic surpluses, the deductive way seems more 
effective.

• Inductive method - At first, there are only a few basic building 
units, and only during the learning phase is an effort to create 
a suitable model that best suits the desired behavior.

The use of neural networks for prediction in time series is also 
solved by many authors in their publications. According to sources 
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Mr. Biskup deals with the possibilities of neural networks [1] in his 
dissertation work.

Mr. Obitko describes [2] on his website the possibilities of 
neural networks and genetic algorithms in an illustrative form.

Th e theme of using neural networks for transport prediction 
is a fairly new and modern theme, most of the available resources 
are from the last few years:

• Th e article [3] focuses on prediction of traffi  c accidents on a 
certain section of the expressway in Malaysia where selected 
input parameters for the prediction model were the site of the 
accident, the reported cause of the accident, the condition of the 
road surface, the lighting, the type of collision, the time of the 
accident, and shows that the prediction model can determine the 
most frequent accidents in the area for the traffi  c data sample and 
can be more accurate than the conventional statistical models.

• Th e article [4] is then focused on predicting the severity of 
traffi  c accidents based on a historical data model from the Abu 
Dhabi region of 2007-13, and the developed neural network 
model has again shown a relatively high accuracy of 74.6% 
compared to statistical models showing accuracy 59, 5%.

• Th e article [5] deals with the use of neural networks for 
prediction of traffi  c accidents in Jordan.

3. Assessed locality

Th e Author Team, in cooperation with the city, continues in its 
chosen location for its previous work on traffi  c surveys [6], traffi  c 
data collection [7] and traffi  c control [8].

Th e city of Uherské Hradiště is located in the Zlín Region 
on the banks of the Morava River in the South-East of the Czech 
Republic. It is one of the largest cities in that region and along with 
the towns of Kunovice and Staré Město u Uherského Hradiště it 
forms an agglomeration with 38 000 inhabitants. Uherské Hradiště 
has a diametrical road network with a city bypass that appears to 
be insuffi  cient due to the location of the city and the adjacent cities. 
A through-way of the road I/55 goes through the city as well as the 
original through-way of the road I/50, which is now running along 
the city bypass.  

Th ere are 8 light-crossed intersections in the area. All intersections 
have the most straight ahead directions in the main routes (directly), 
while the crossroad Velehradská třída x Sokolovská also shows high 
values of traffi  c intensity on the lateral arms, especially on the eastern 
(direction from Zlín). Th e map of the surveyed area is available in 
Fig. 1. 

Th e predominant part of the traffi  c fl ow is passenger cars, 
however, given the absection of the by-pass in the north-south (and 
south-north) direction, there is a considerable proportion of freight 
traffi  c. Th e city is also suitable for cyclists, as well as the transport 
infrastructure.

From the point of view of the availability of transport data 
sources, the data from junctions containing intensities and 
occupancy were used for the project. Th e speed of transport vehicles 
is gained through the RODOS project from fl oating vehicles in the 
network. Furthermore, data from the meteorological station in the 
Old Town near Uherské Hradiště is available for the project. Last 

but not least, historical accident data provided by the Czech Police 
are available.

Fig. 1 Map of the surveyed area [10] 

4. Analysis of available data

In order to use data for modeling and subsequent evaluation, 
the general way of working with data is to be observed:

• Data collection (selecting the appropriate data sources 
described in the above chapter)

• Data retrieval (use of appropriate SW to read the fi les in 
which the data is stored)

• Data fi ltering (removal of unnecessary values for the purpose 
of the project, eg, values that are in locations outside the 
selected locations)

• Data checking (verifying whether the data is complete or 
whether there are incomplete or missing entries)

• Data correction (loading method with missing records, see 
below):
• Excluding all missing or incomplete records from further 

processing
• Replace (imputation) of missing data and then process 

complete data. Here, many ways of imputing missing records 
can be chosen: deductive imputation, substitution with average 
value, substitution by group (conditional) average, median, 
or multidimensional imputation (regression imputation, hot-
deck imputation, random closet algorithm).

• Incomplete data processing by special methods

Below is a specifi c description of the process of checking the 
individual data sources, including the method of data correction:

Th e data relation to occupancy and intensity records at 7 junctions 
in Uherské Hradiště. Within each intersection, data is broken down 
by individual detectors relevant to a particular junction. An EM 
(Expectation-Maximization) algorithm was used to estimate the 
missing data for the occupancy and intensity records from Uherské 
Hradiště. Th is is a popular iterative method that is used to fi nd a 
maximum assurance estimate from a set of data that is incomplete 
or has missing values. Each iteration consists of two parts. In step E 
(expectation) we create the expectation of the logarithmized assurance 
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of the complete data, which is conditional on the observed data and 
also on the current estimation of the parameter under consideration. 
Step M (Maximization) then searches for a new estimate that will 
maximize the function obtained in the previous section and is then 
used in the next iteration in step E.

In the case of metrological data, Predictive Average Matching 
(PMM) was used to predict the missing values, partly based on 
regression of missing values. For each imputation variable and 
missing value case, a value is predicted (according to a defi ned 
regression model). Subsequently, for this case (for each case with 
missing values for the imputed variable), several cases are selected 
for which the value of the imputed variable is observed and at the 
same time these selected cases of observed values are close to the 
predicted value from the regression model. Eventually, one of these 
“donor” cases is chosen, the observed value being added to the 
current imputed case.

5. Prediction model using neural 
networks

Used method
In the design was used multilayer neural network (Multilayer 

perception) described for example in [9], a network with one or 
more hidden layers of neurons located between the input and 
output layers. Th e neuron input layer sends its input to all of the 
inner layer neurons. Th e inner layer outputs are fed to the inputs 
of each higher layer neuron and are multiplied by the respective 
weights.

Th e multilayer neural network, unlike the single-layer 
potential, also has to deal with nonlinear problems, learning such a 
network is much more complicated. Th ere is no fi xed relationship 
to determine the number of multilayer neural network layers and 
the number of neurons in these layers; the topology of the neural 
network must always be determined experimentally. However, 
there are a few rules and recommendations that can make it easier 
to choose the topology of a neural network.

To solve most problems, a neural network with just one inner 
layer is almost always enough. Topology with two inner layers is 
oft en needed when the neural network is learning a discontinuous 
function. Th ere is no theoretical reason for using more than 
two inner layers. Practical experiments, however, show that the 
problem will be more effi  ciently solved by using a neural network 
with multiple layers of fewer neurons than using a smaller number 
of layers with an impractically large number of neurons. Aft er 
selecting the number of layers, you must select the number of 
neurons in these layers. Choosing the correct number of neurons 
is very important. Using a small number of neurons, the neural 
network will not have enough capacity to learn the problem. 
Conversely, when too many neurons are used, there is a signifi cant 
prolongation of the learning period, and there may also be a 
problem called the neuronal network overfi tting.

Neural network overfi tting occurs when this network has too 
many resources to process information. It is a condition where 
the neural network learns unduly accurately a set of training 
data, including its random errors or noise, thereby losing its 

generalization capability. Conversely, the retrieved neural network 
achieves excellent results with training data, when working with a 
test set of data, or when used in a real-world application, but the 
results are unwanted.

Th e number of neurons is usually determined experimentally, 
for example, by initially choosing the number of neurons that is 
too small. 

Next, the method of calculating a network error is determined, 
a criterion determining how well a neural network is taught. Th en 
there is a gradual increase in neuron counts, re-training and 
network testing, until the network error falls below an acceptable 
limit or until no improvement is achieved.

Th e neural network uses the backpropagation learning 
algorithm, the most widely used neural network learning algorithm 
(approximately 80% of all applications).

Fig. 2 Proposed neural network [own study]

Figure 2 shows a specifi c neural network model for a test 
sample. Th e input layer of the model contains 12 input variables to 
create a model that is able to predict the probability of an accident 
in the output layer in the best way. Th e neural network contains 
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two hidden layers. Th ese are the layers located between the input 
data layer and the output variable layer where the neurons capturing 
a plurality of weighted inputs produce the output through the 
activation function. Elements of a neural network containing an 
activation function are called artifi cial neurons.

Th e fi rst hidden layer contains 8 of these neurons, the second 
layer contains 6. Th e hidden layers also contain the Bias unit. Th e 
bias is an ‘extra neuron’ added to each hidden layer, the Bias in 
one hidden layer being unrelated to the elements in the previous 
hidden layer. Th e Bias function is to shift  the activation function. 
Th e function of the hyberbolic tangent was chosen as the activation 
function that contained neuronal neurons in the neuronal network.

Th e paths between the individual input variables, the neurons 
in the individual layers and the output are called synapses. Th e blue 
synapse signifi es strong connections, ie, connections that signifi cantly 
contribute to the predictive power of the model. Th e gray synapse 
signifi es weak connections with little infl uence on the predictive 
power of the model. Th e model was trained and then tested on a 
194024- fi le data sample. (essentially 2-3 months of available traffi  c 
engineering data, while 70.1% of the cases were used to train the used 
model or its production, and 29.9% of the cases were used to test the 
generated and used algorithm.

6. Test results for the data simple

From Fig. 3 below, we can see for example the representation 
of the accuracy of prediction of the probability of the occurrence 
of traffi  c excess II. type using the box graph. Th e x axis is the values 
of the input variable, ie the probability of an accident based on 
the input data sample. Th e y-axis is then values predicted by the 
neural network.

Fig. 3. Illustration of the accuracy of the prediction of the 

probability of traffi  c accidents [own study]

Fig. 4 below gives a graphical representation of the importance 
of the individual input variables for the predictive power of the 
model. It can be seen from the illustration with the parameters of 
road surface condition, communication state, weather conditions 
and look-out ratios have had the greatest infl uence on the 
predictive power of the model, while the infl uence of the detector, 
occupancy and intensity has had little infl uence on the predictive 
power of the model.

Fig. 4. Illustration of the importance of the eff ects on traffi  c 

accidents [own study]

7. Conclusion

Below are the main activities completed this year:
• Parameters analysis with impacts on traffi  c accidents was 

carried out.
• A search of projects was carried out which dealt with the 

prediction of traffi  c excesses using the tool of neural networks.
• Extensive analysis of available data sources and usability of 

available engineering data for the design of the mathematical 
model.

• Inputs and outputs of the mathematical model of the neural 
network were proposed. Th is network was then trained and 
tested on a data sample from Uherské Hradiště.

Th e mathematical model of the neural network has proven 
usable. In the future, then, it is supposed to continue working through 
the following steps.

• Implementation of the proposed mathematical model into 
soft ware.

• Implementation of the proposed algorithm from the previous 
stage into the transport application. Th e algorithm will be 
implemented using available data.

• Testing the proposed prediction module on the bigger data 
sample.

• Integration of the proposed module into the control platform.

Prediction of traffi  c excesses II. type (traffi  c accidents) with the 
use of neural networks is a topical issue that can be solved in many 
parts of the world, from the available and other similarly focused 
articles. Th e potential is represented by the prediction of transport 
I. type (traffi  c jams) through neural networks, to which no relevant 
sources of research results were found in the search, and it can 
therefore be assumed that this problem is not explored more deeply.
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ABSTRACT
Detecting and distinguishing vehicles with a maximum permissible weight up to 3.5 tonnes, among others required 
in the TLS 8+1 classification, due to the similar dimensions of selected vehicle groups is often a relatively complex 
process that requires the use of extensive classification methods. Detection of commercials vans is particularly 
important. Their parameters are similar to lorry vehicles and their incorrect classification, eg in systems of weighing 
vehicles in motion, results in the lack of information on exceeding the permissible total weight. The article presents 
the selected classification method and its effectiveness.

KEYWORDS: vehicle classification, weigh in motion, data mining

1. Introduction

Classification of vehicles is an important element of control 
systems which are increasingly used in road transport. An example 
is a weigh in motion system (WIM). WIM stations measure the 
basic parameters of the vehicle and verify if there are any violations 
of the permitted standards. A particularly important element of the 
verification process is the definition of the vehicle class on the basis 
of which the permissible total weight of the vehicle is determined. 
Two classification methods are commonly used in WIM systems, 
according to the COST 323 specification [1] and TLS 8+1 [2]. In the 
case of the 8+1 classification it is required, inter alia, to distinguish 
motorbike, car, commercial van, car with trailer, lorry, lorry with 
trailer, articulated lory and buses.

The current situation on the transport market, in particular the 
lack of the need to have a tachograph in vehicles up to 3.5 tonnes, 
results in a significant increase of van vehicles in the commercial 
transport. Often, this type of vehicle also exceeds the permissible 
total weight, which significantly affects the level of road safety. An 
overloaded vehicle of this type does not retain its traction properties 
and causes a significant threat to other users of the road network. In 
TLS 8+1 classification, the class, which includes delivery vehicles, 

with a permissible gross weight up to 3.5 ton without trailers is the 
class 11 (commercial van). According to the TLS specification, this 
category includes, among others, the following vehicles: Fiat Ducato, 
Citroen Jumper, Ford Transit, Iveco Daily 40C, Mercedes-Benz 
Sprinter, Vito and Viano, Opel Vivaro or Volkswagen Transporter. 
These vehicles, due to their dimensions, are often assigned to the 
lorry class, thus causing the process of incorrect assignment of the 
permissible weight. What is important in the TLS specification, an 
example of a truck are Iveco Daily 40C and Mercedes-Benz Sprinter 
with increased dimensions and wheelbases, which additionally 
makes it difficult to distinguish this type of vehicle. What is more, 
the research carried out, inter alia, in the works [4, 5] indicate the 
difficulties in the classification of this type of vehicle. In addition, 
due to the systematically increasing dimensions of passenger 
vehicles and the presence of SUV, minivan, pick-up vehicles, 
erroneous assignment of the vehicle class occurs frequently. It 
is important to search for classification methods with the highest 
possible accuracy, in particular for vehicles with a permissible gross 
weight up to 3.5 tonnes. Increasing the classification accuracy will 
improve the operation of control systems such as WIM systems and 
will increase the detection and elimination of vehicles that do not 
meet the required standards.
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2. Data characteristics

As a research data used information about parameters of vehicles 
registered by selected WIM systems. According to the approach 
presented in [4], data regarding category 11 (commercial van), 7 
(car), 3 (lorry) and 5 (buses) were selected. A data was divided into a 
training and a test set. Th e basic characteristics of the data are shown 
in Tables 1 and 2.

Table 1. Characteristics of the training dataset [own study]

Veh. category 3 5 7 11

Vehicle 
length 

[cm]

Avg. 995,4 1302,7 458,5 667,6

Std.dev. 107,2 100,5 36,5 73,7

Median 1000,0 1260,0 455,0 680,0

1. axel 
distance 

[cm]

Avg. 502,9 628,4 262,6 386,5

Std. dev. 64,4 38,4 16,1 43,3

Median 483,5 612,0 262,0 403,0

1. axel 
weight 

[kg]

Avg 4583,3 4650,1 745,4 1423,7

Std. dev. 1510,3 947,4 179,5 212,2

Median 4732,0 4690,0 741,5 1406,0

Axels no
No. of 2 axel veh. 80 79 100 99

No. of 3 axel veh. 19 22 0 0

Table 2. The testing data characteristics [own study]

Veh. category 3 5 7 11

Vehicle 
length 

[cm]

Avg. 957,1 1332,5 454,4 643,3

Std.dev. 104,7 109,5 32,9 76,5

Median 970,0 1310,0 460,0 640,0

1. axel 
distance 

[cm]

Avg. 491,0 641,8 262,0 376,3

Std. dev. 63,0 43,6 13,6 44,9

Median 480,0 633,0 262,0 375,0

1. axel 
weight 

[kg]

Avg 4513,5 4985,0 775,2 1404,2

Std. dev. 1575,2 918,7 156,5 200,7

Median 4387,5 5114,0 767,0 1367,0

Axels no

No. of 2 axel 
veh. 87 71 99 101

No. of 3 axel 
veh. 13 29 0 0

Comparing the presented values (Table 1 and Table 2), slight 
diff erences between the training and testing data can be observed. In 
the case of both datasets, the size of data for particular categories was 
on the level of about 100 vehicles, together providing a collection of 
over 800 vehicles. Comparing the parameters of individual classes, 
it can be notice a distinction between classes especially considering 
the length of the vehicle (Fig. 1) and the distance between the fi rst 
and the second axel (Fig. 2). 

Fig. 1. Average vehicle length for training and testing dataset [own 

study]

Fig. 2. Average 1. axel distance for training and testing dataset [own 

study]

Selected dataset was also dominated by two-axle vehicles. Only 
three-axle vehicles were registered for the lorry and buses. Th e 
parameter related to the weight of the fi rst axel also has signifi cant 
diff erences for particular classes, although due to the possibility of 
occurring commercial van (11) with signifi cant overweight, it was 
decided not to include this parameter in the vehicle classifi cation 
process.

3. Classifi cation method

3.1 Discriminant analysis

In the fi rst approach, it was decided to use the method presented 
in the paper [4]. Th is method assumes using discriminant analysis 
(DA) to determine the distribution of features in the space of the 
principle components created on the basis of the selected independent 
variables. In order to implement the method the Sklearn library was 
used [6]. As an input data following features were chosen: vehicle 
length, 1. axel distance and axels number. Distribution of objects in 
space of the fi rst two eigenvectors is presented at Fig. 3.
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Fig. 3. Distribution of objects in space of the fi rst two eigenvectors 

for the training data set [own study]

In order to evaluate the eff ects of assigning a given object to a 
particular class, Mahalanobis distances from centroid of class area 
to the vehicle DA vectors was used [4]. Th e obtained accuracy for 
the training dataset is shown in Table 3.

Table 3. Verifi cation of training data set classifi cation effi  ciency rate 

[own study]

 Category (8+1) Samples Effi  ciency rate

3 100 89%

5 101 99%

7 100 99%

11 99 89%

In the next step, the method’s eff ectiveness for the test set was 
verifi ed. Distribution of testing data is presented at Fig. 4 and the 
obtained accuracy is presented in Table 4.

Fig. 4. Distribution of objects in space of the fi rst two eigenvectors 

for the testing data set [own study]

Table 4. Verifi cation of testing data set classifi cation effi  ciency rate 

[own study]

 Category (8+1) Samples Effi  ciency rate

3 100 78%

5 100 99%

7 99 100%

11 101 86%

As a result of the DA method, the overall accuracy of the 
classifi cation was 89%. Th e lowest eff ectiveness of the method was 
noted for the class lorry vehicles (78%) and the class commercials 
van (86%). Th ese values indicated the need to search for other 
methods for the classifi cation of this type of vehicles. 

3.2 K-nearest neighbors algorithm

In the next approach, it was decided to use k-nearest neighbors 
method. Th is algorithm assumes determining the class of a given 
object based on a number k nearest neighbors. In order to implement 
the method also Sklearn library was used [6]. Th e parameter k was 
adopted at level 5. As part of the kNN method omitted the parameter 
related to the number of axes - the carried out tests showed a 
practically irrelevant impact of this feature on the accuracy of the 
classifi cation. Distribution of objects and classes using kNN method 
is presented at Fig. 5. Th e obtained accuracy for the training dataset 
is presented in Table 5.

Fig. 5. Distribution of objects and class using kNN method the 

training data set [own study]

Table 5. Verifi cation of training data set classifi cation effi  ciency rate 

[own study]

 Category (8+1) Samples Effi  ciency rate

3 100 91%

5 101 100%

7 100 100%

11 99 98%
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Next the effectiveness of the kNN method for the testing 
dataset was verified. Distribution of object for testing dataset is 
presented at Fig. 6 and the accuracy is presented in Table 6.

Fig. 6. Distribution of objects and class using kNN method the 

testing data set [own study]

Table 6. Verification of testing data set classification efficiency rate 

[own study]

 Category (8+1) Samples Efficiency rate

3 100 94%

5 101 99%

7 100 100%

11 99 96%

The application of the kNN method allowed to get a much 
higher, in comparison to the DA method, accuracy of classification. 
In this case, the classification accuracy was 97%. For the class 11 
(commercial van), which is the most important from the point of 
view of the work, the efficiency amounted to level 96%.

3.3 Results

Detailed results of the effectiveness assessment of the proposed 
vehicle classification methods are presented in Table 7 and 8. In the 
case of classification using the DA method (Table 9), the biggest 
mistake was due to incorrect assignment of lorry to the class of 
van vehicles (22 errors per 100 cases). There were also significant 
discrepancies in case of distinction between classes 7 and 11 - 14 
out of 100 cars were classified as commercial van.

Table 7. The result of the classification using DA method 

[own study]

The class specified 
by an expert

The class specified by DA method

3 5 7 11

3 78 0 0 22
5 1 99 0 0
7 0 0 99 0

11 0 0 14 87
Total

Table 8. The result of the classification using kNN method 

[own study]

The class specified 
by an expert

The class specified by kNN method

3 5 7 11

3 94 1 0 5

5 1 99 0 0

7 0 0 99 0

11 0 0 4 97

Total 95 100 103 102

For the kNN method (Table 10), the classification error of 
class 11 and 3 is definitely smaller. In only five cases lorry vehicles 
were classified as a commercial vans. In the case of passenger cars, 
only  4 cars were incorrectly attributed to class 11.

4. Conclusion

Presented in the paper method of classifying vehicles using the 
k-nearest neighbors allowed to obtain a high accuracy of operation. 
What’s more even for class of commercials vans the method showed 
a very good performance. The correct classification of this type of 
vehicle is particularly important for an automatic control systems 
such as the weigh in motion system. As demonstrated in the work, 
using only two basic vehicle parameters (vehicle length and axel 
distance), obtained results which are exceeding the requirements 
of the A1 accuracy according to TLS 2012 (over 90% for delivery 
vehicles, trucks and buses, and 97% for passenger cars). In order 
to confirm the high accuracy of method with a confidence level of 
at least 95%  as a future work, it is planned to increase the number 
of particular datasets to ensure a statistic reliability of the results.
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ABSTRACT
Overheating of vehicles is gradually becoming a common problem especially in tropical areas and during tropical 
seasons in the world. Although there are so many factors can cause overheating, hot weather is the most common 
cause of overheating. Coolants and thermostats in the radiator are no longer sufficient anymore. Traditional 
solutions preventing an engine from becoming overheated are: coolant levels must be maintained and without leaks; 
the oil level and viscosity must have the required properties; accepted technical conditions of radiator hoses and the 
radiator fan; the engine temperature must be acceptable. Modern cars are equipped with the systems supporting the 
operation process. The aim of this article is the concept of a solution that uses telematics to minimize engine failures 
due to overheating and to increase the operational readiness of transport means.

KEYWORDS: transport telematics, transport device availability, overheating, temperature sensor

1. Introduction

Temperature monitoring and control is important in automobiles 
especially during tropical seasons and in tropical areas of the world. In 
recent times, most cars producers have put in advanced technologies 
like the Automatic Temperature Controls (ATC) in place to avoid 
cases of overheating in vehicles [1]. Automatic Temperature Controls 
(ATC) are network elements built into many newer car models. 
These temperature control systems consider several factors when 
regulating the appropriate temperature inside the cabin of a car. The 
Automatic Temperature Controls systems use information from 
inside and outside of the car and look at the overall efficiency of the 
car and adjust accordingly [1]. The aim of an ATC system is to keep 
the car at its most ideal temperature to improve safety and reliability. 
Sadly, most cars produced earlier than 2005 do not have this feature 
but are still very much in use around the world. The development 
of a supplementary system to signal overheating to the user (driver) 
of a vehicle not equipped with ATC is necessary as it will improve 
safety. This Supplementary Temperature Signal system will comprise 

of several elements like a temperature sensor, the amplifier, the 
microcontroller and the LCD or sound notification element. The 
aim of this paper is to propose an affordable and working system 
for vehicles not equipped with the Automatic Temperature Controls 
systems. 

2. The Supplementary 
Temperature Signal 
System 

The aim of the supplementary temperature signal system is to 
improve safety by preventing overheating in old model vehicles 
not equipped with the automatic temperature controls signal. 
This supplementary temperature signal system will consist of a 
temperature sensor, an amplifier, a microcontroller, an LCD screen 
and a sound notification. This system tends to be an affordable means 
of improving safety and preventing overheating in old model vehicles.
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Fig.1. Block diagram for the working process of the Supplementary 

Temperature Signal System

Working Mechanism of the Supplementary Temperature Signal
• Temperature signal is the input physical signal from the engine 
• A sensor like LM35, Th ermostat, Resistance Temperature 

Detectors (RTD) or thermistor accepts the temperature input 
and converts it into electrical analog signal 

• Amplifi cation is an important step in analog-digital conversion 
(ADC) as it avoids noise and increase clarity of the input signal.

• Th e analog signal is fed to microcontroller and converted to 
digital signal at the ADC part of the microcontroller 

• Th e analog-digital conversion (ADC) section consists of three 
general stages which are Sampling , quantizing and encoding 

• Once the signal is converted to digital then it is sent to a 
notifi cation device like visual ( LCD display) or audio ( Alarm 
or sound creating devices) 

• Finally the end side will be the user, and will be responsible in 
taking appropriate action.

In modern cars (cars equipped with the Automatic Temperature 
Control), the control decision is taken by the Engine Control Unit 
(ECU) and control is done automatically which makes it easier for 
the driver (User).

3. Temperature Sensor 

Th e selection of a temperature sensor is dependent on several 
characteristics like

• Sensitivity
• Usable temperature range
• Accuracy
• Availability
• Durability
• Cost

Table 1. Sensors and their characteristics [2, 3]

Sensor
Usable Temperature 

Range
Accuracy

Positive Temperature 
Coeffi  cient Thermistor 

(PTC Thermistor)
-200oC to +800oC High

Thermocouple -200oC to +2800oC High
LM35 -55oC to +150oC High

Resistance Temperature 
Detector -260oC to +650oC High

It is important to state that the usable temperature range varies 
based on the element used to make the sensor. Any of the above 
listed temperature sensors can be used in the supplementary 
temperature signal system but in this paper, the Resistance 
Temperature Detector will be used because it is accurate, readily 
available and more aff ordable than the sensors listed above. Th e 
Resistance temperature detector can be constructed with diff erent 
materials but in this paper, the Platinum Resistance temperature 
detector will be used because it is the most common type of RTD 
and it withstands very high temperatures.

3.1 Platinum Resistance Temperature 
Detector

A resistance temperature detector (RTD) is a device to measure 
temperature by relating it to changes in the electrical resistance of a 
metallic sensing element [4]. Th e resistance of a typical RTD increases 
by about 0.3 – 0.4% of its room-temperature value for every degree 
Kelvin of temperature increase [4]. Th e traditional RTD element is 
constructed of a small coil of platinum, copper, or nickel wire, wound 
to a precise resistance value around a ceramic or glass bobbin [3]. 
Th e element the RTD is made of is dependent on what the sensor 
will be used for because diff erent materials can withstand various 
temperatures. Th e table below shows the various that can be used to 
construct a RTD and the various temperatures they can withstand.

Table 2. RTD sensing element material and Relative Temperature 

Limits [3]

Rtd Element Material Usable Temperature Range

Platinum -260oC to +650oC
Nickel -100oC to +300oC

Copper -75oC to +150oC
Nickel/Iron 0oC to +200oC

3.1.1 Temperature Coeffi  cient of Resistance 
(TCR) or Alpha (α)

Th e Temperature Coeffi  cient of Resistance (TCR) of RTD is 
also referred to as its alpha coeffi  cient (α). Th e TCR or alpha value 
indicates the average resistance change of the sensor per degree °C 
over the range of 0°C to 100°C. Th e TCR or alpha value is also used 
as an indirect measure of the sensitivity of the resistive wire used in 
the RTD element. Its units are usually expressed in units of Ω/Ω/°C, 
or ppm/°C. Its value is derived by dividing the diff erence between 
the sensor resistance at 100°C and the sensor resistance at 0°C, by 
the sensor resistance at 0°C, and then again by 100°C as follows: 

100 0 0[( ) / ] / /
100

C C CR R RTCR in C
C

Th e RTD temperature coeffi  cient of resistance is also representative 
of the sensors’ sensitivity to temperature change. Th at is, the larger the 
temperature coeffi  cient (α), the larger the resistance change (ΔR) in 
response to an ambient temperature change (ΔT). Th us, we calculate: 

o
Where: α = TCR in Ω/Ω/°C; 
Ro = nominal sensor resistance at 0°C in Ω; 
ΔT = temperature change from 0°C in °C.



J. SZPYTKO, C. UDOJI

33Volume 12 • Issue 4 • November 2019

While the α value indirectly defi nes the sensitivity of the metallic 
element, it is normally used to distinguish between resistance/
temperature curves of various RTDs.

Metal impurities and stresses during manufacture lower the 
relative TCR for a given metal element. For example, there are many 
variations of platinum RTDs available as follows:

Table 3. Various conditions of Platinum and their diff erent 

Temperature Coeffi  cient of Resistance [9]

From the numbers, there is little advantage to specifying one 
platinum TCR over another, as they are so close in magnitude for 
diff erent grades of platinum. But laboratory measurement systems 
will tend to use the highest-grade platinum wire (purest metal), 
while industrial applications will tend to choose an RTD TCR 
that has the greatest standardization. Th e resistance-temperature 
coeffi  cient of platinum wire typically used in RTD manufacturing is 
0.00385 Ω/Ω/°C at 0°C. Another frequently mentioned value of α is 
0.00392 Ω/Ω/°C at 0°C, which represents the resistance-temperature 
coeffi  cient of chemically pure platinum wire used for standards. In 
any case, it is important to make sure that the sensor TCR you select 
is compatible with your choice of measuring instrument. In general, 
and with respect to industrial users, the 0.00385 TCR RTD sensors 
will be most compatible with the broadest range of measurement 
equipment from the largest number of manufacturers.

To illustrate the use of alpha α to calculate the resistance of an 
RTD at some other temperature, consider an ideal 100Ω RTD that 
has a resistance of 100.000 Ω at 0°C. Th erefore, at +1°C the RTD 
resistance will be:
RT o o

Fig. 2. Diff erent types of 

Platinum RTD [8]

4. Amplifi er

An amplifi er is an electronic device that increases the voltage, 
current, or power of a signal. Th e type of amplifi er to be used is 
either the discrete amplifi er or the Operational Amplifi er needs 
to be carefully selected because good drift  stability is required to 
prevent recalibration of the Platinum RTD at frequent intervals. 
Th is makes the chopper and instrumentation type of amplifi er 
preferable for the Supplementary Temperature Signal System.

5. Microcontroller

Th is serves as the brain and heart of the Supplementary Temperature 
Signal System. It is an integrated circuit designed to govern a specifi c 
operation in an embedded system. A typical microcontroller includes 
a processor, memory and input/output (I/O) peripherals on a single 
chip. Th is device confi gured to specifi cation to send signal to the sound 
notifi cation device or LCD. 

Th e PIC16F877A microcontroller was selected for the 
Supplementary Temperature Signal system because it is readily 
available, easy to confi gure and very aff ordable.

Fig. 3. The PIC16F877A microcontroller [10]

Th e PIC16F877A microcontroller has the following properties;
• Only 35 single-word instructions to learn
• Operating speed: 

• DC – 20 MHz clock input 
• DC – 200 ns instruction cycle

• Up to 8K x 14 words of Flash Program Memory, Up to 368 x 8 
bytes of Data Memory (RAM), Up to 256 x 8 bytes of EEPROM 
Data Memory

• 10-bit, up to 8-channel Analog-to-Digital Converter (A/D)
• 100,000 erase/write cycle Enhanced Flash program memory 

typical
• 1,000,000 erase/write cycle Data EEPROM memory typical 
• Data EEPROM Retention > 40 years
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6. The Signal (Sound notifi cation 
device or LCD Display)

Th is is very important for the Supplementary Temperature Signal 
System because this system does not have a an automatic control 
feature so the user (Driver) has to be notifi ed to take necessary actions 
immediately. Th e driver can either be notifi ed via sounds (alarms) or 
an LCD display unit. Blow are the features of our choice of devices.

6.1 16x2 Lcd Display Unit

• Ground (0V) Earth 
• Supply voltage; 5V (4.7V – 5.3V)
• Contrast adjustment through a variable resistor 
• Back light 
• 8- data Pins 

Fig. 4. 2X16 LCD Display Unit [11]

6.2 Alarm

Any alarm that operates with 5 -12 V input and loud enough 
to be heard can be used in this system. It will be connected with 
the microcontroller so that it can give a sound when it receives a 
decision from the microcontroller.

Fig. 5. Alarm System Speaker [12]

7. Conclusion

Advantages
• It improves Safety in Automobiles by preventing overheatung 

and fi re outbreaks
• Opportunity for the user to continually track the condition 

of the engine 
• Cheap and easy to implement it 

Limitations
• Microcontroller is the heart of such system, hence if it fails or 

a bug occurs, then wrong information can be delivered to the 
user (driver).

Cost of implementation
It is important to mention the target of this paper are those cars 

which are not equipped with the Automatic temperature Control 
Unit like those produced in recent times but those cars which are 
not equipped with Automatic Temperature Control especially 
automobiles manufactured before 2005 because they are still in 
use especially in the third world countries. Surprisingly, the system 
proposed here would only cost about $60 to implement it without 
considering the human involvement which is cheap as compared to 
its advantages. 

Challenges 
• People awareness towards the importance of safety 
• Th ere are millions of cars out there in operation and would 

be so hard to  bring this proposal to project in a bulk mode 
• It can be confl ict of interest with giant companies which are 

involved in Mass production of cars because this kind of 
proposal basically interferes with their business .

• Th is system can be seen as expensive to some individuals 
especially in developing countries. Th is could be also a challenge 
to fund for this project.

Future research works
Th e future works will be aimed towards creating a Supplementary 

Temperature Control System for easier use and also controlling the 
limitations of the system in this paper. 
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ABSTRACT
 This paper presents the consequences resulting from the guidelines on the display of navigation-related information 
elaborated by the IMO, related to ECDIS, as part of S-Mode proposal in the implementation process of e-Navigation 
concept. The idea to develop standard icons to control the chart display functions in ECDIS is discussed. The use of 
these icons will ensure that navigation information presented on ECDIS screen will be displayed in a harmonized 
manner on the ships’ navigational bridge. Today many function-related icons vary across different electronic chart 
systems and between producers. The paper provides information on icons, symbols and abbreviations that required 
standardization. It was necessary to develop standard icons whose consistency will allow easy and intuitive use of 
user interfaces of different navigation systems.
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1. Introduction

Over the past two years the International Maritime Organization 
(IMO) has been intensively working on the development of guidelines 
on standard modes of operation, S-Mode. Guidance on the 
standardization of design for navigation and communication systems, 
encompassing displays, interfaces, and functionalities able to provide 
the bridge team and the pilot with timely access to most important 
information for the conduct of navigation throughout the voyage, 
from berth to berth. S-Mode aims to reduce variation in navigation 
systems and equipment through the standardization of some aspects 
of the user interfaces [22]. 

The Author, as a chairman of the Poland Branch of the Nautical 
Institute and a member of the IMO expert group, who was working 
on this guide, will try to describe the current state of work, previous 
and final arrangements. The guidance is underpinned by user needs 
and is focused on standardization of the functions of electronic 

navigation equipment. When applied in the design process, the 
guideline aims to enhance the safe and effective navigation of SOLAS 
ships and reduce the need for familiarisation with various types of 
electronic navigation systems. 

At the 6th session of IMO’s Navigation Communications and 
Search and Rescue subcommittee in January 2019 has completed 
works on a guideline on S-Mode which will now be sent to the 
next meeting of the IMO’s Maritime Safety Committee for approval. 
The guideline has a new name, “Guidelines for the standardization 
of user interface design for navigation equipment”. No doubt it will 
still be informally known as S-Mode. If you are interested in the 
particular results you can find they in the IMO document NCSR 
6 WP.4 [4], or eventually in the NCSR final report to the MSC [3].
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2. Human Factors Research 
Supporting Standardization 
Design Principles

2.1 Human factors research

Display technology has markedly changed and improved, 
providing an operator with an array of multimedia formats for the 
presentation of information. The effective design of new types of 
work systems has required the application of knowledge regarding 
human information processing capabilities. This knowledge 
requirement has created a greater emphasis on the issues relating to 
human cognition, leading to an increased application of cognitive 
sciences, cognitive psychology and other discipline knowledge to 
the design of work environments. Adding to the original complexity 
of this domain is the fact that most complex systems have multiple 
actors with multiple information requirements (e.g. a master, pilot, 
OOW, helmsman and look-out on the bridge of a ship entering a 
busy port).

Well-designed displays should provide support to the front-end 
of decision processes (e.g. to an operator attending to and evaluating 
whether a cue or piece of information is significant and salient, the 
operator then formulating a diagnosis and assessing the situation) 
[10]. Therefore, the proximity of objects on a display screen becomes 
important to effective front-end decision-making. Display principles 
such as proximity and emergent features help ensure that sources of 
information that need to be integrated for the purposes of diagnosing 
a problem are displayed simultaneously (not sequentially) to ensure 
rapid processing with minimal effort [23]. 

Well-designed systems have the propensity to support effective 
back-end decision-making as well. Decision processes from the back-
end of the decision cycle concern the culmination in a final decision 
given information processing and the response to the situation 
presented. Examples of back-end processes can include retrieving 
an appropriate course of action from memory, locating a prescribed 
response in the appropriate manual or procedures, adapting a known 
response to the specific demands of the current situation, mentally 
simulating a possible response, planning a sequence of actions or 
evaluating alternatives [10]. 

From a human-centred perspective, one of standardization’s 
principal benefits, if designed and implemented properly, is in the 
reduction of the user’s physical and mental workload. Reduction in 
mental workload has been identified as beneficial in areas such as 
decision choice (e.g. high-risk decision-making under conditions of 
uncertainty in unfamiliar situations), and information acquisition 
and analysis (e.g. the cost of scanning a cluttered display for 
information or mentally adding two numbers).

2.2 Icon usability

A great deal of research has been conducted to identify the 
factors that are important in determining the usability of icons. 
An examination of icon recognition tasks identified the following 
effects [2, 5]: 

• The extent to which an icon depicts a real-life object as opposed 
to a more abstract representation denotes its concreteness. 
Although a very important usability trait for when an icon is 
unfamiliar, concreteness effects diminish over time as an operator 
gains experience. Therefore, an icon should be designed to be as 
concrete as possible to provide heightened usability for novice 
operators. Usability testing is very important for determining the 
transferability of these types of icons. 

• An icon’s level of detail or intricacy is defined as its visual 
complexity. A seafarer will be able to infer meaning from an 
icon more quickly if it depicts a real-life object in detail. This is 
due to the seafarer’s understanding of the object via their pre-
existing knowledge. Increased detail in icons also increases 
visual search times, even following considerable training. 
Icons should represent the real-life object while taking into 
account that less detailed icons decrease visual search times. 
Icons should be designed to look like the objects, processes, 
or operations they represent, by use of literal, functional or 
operational representations. 

• How close the relationship is between the icon and its meaning 
is termed its semantic distance. Semantic distance has been 
shown to be an important determinant of novel icon usability.  

• A user’s level of experience with the object depicted and the 
icon itself denotes its familiarity. Familiarity is as important an 
effect on icon usability as semantic distance but has been found 
to be longer lasting, due mainly to an individual’s experience 
level with an object coming via access to long-term memory.

2.3 Information location

Good display design follows the principles that provide for 
global or holistic information processing. This type of processing 
reduces the attentional demand on the individual because it is 
preattentive (e.g. organized into objects or groups of objects) and 
automatic. This lowering of attentional demand (and therefore the 
lowering of fatigue-inducing attentional effort) will occur under two 
conditions. First, Gestalt principles of perception, such as proximity 
and symmetry, and other attention principles, such as redundancy 
(e.g. knowing where one item is will lead the operator to look for 
a similar or related item in the same location) should be used to 
produce groupings of display icons and readout information (e.g. 
course, heading, speed, etc.). Second, the organization formed by 
the spatial proximity of differing elements on a navigation display 
must be compatible with the physical entities they represent, and the 
seafarer’s mental representation of those entities [24]. For example, 
the essential information available to the navigator from an ECDIS 
display should be easily accessed, easily cognitively processed and 
expected. Then, it can be combined with what is observed out of the 
bridge window, the environmental conditions and other available 
information, to build a mental model of where the ship is and where 
it is heading – in other words, the navigator’s situation awareness. 
By applying proven display design principles to the proximity, 
redundancy and grouping of icons and information readouts on the 
ECDIS or radar equipment display, their mental model, and thus 
their situation awareness, will be enhanced. 
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When the seafarer needs to take information from two or more 
information sources but they are required to be mapped onto a 
single task, the information needs to be mentally integrated. The 
designer has several ways to manipulate display proximity to help 
this cognitive activity take place. Display proximity can be improved 
by placing readouts closer to each other on the screen and thus 
reducing cognitive effort in the act of integration. This same effect 
can be achieved through using similar-coloured objects, cognitively 
linking two objects by drawing a line between them or abutting 
two objects. Research has shown that the closer the proximity of 
two objects in a display, the better the seafarer’s performance in 
integrating the information provided by the two objects. However, 
there will also be a higher likelihood that performance will be 
disrupted on a focused attention task. If a seafarer needs to focus on 
a readout in a display and another readout or object is too close, it 
can act as a distractor and slow their information processing. This 
has been identified as a property of display clutter and this type of 
minimal separation or partial masking of one item over another has 
been seen to be a design issue [23].

2.4 Projection to the real world

The function of display icons and information is to enhance 
team situation awareness. A navigator will use the physical world, 
the ship’s systems and members of the bridge team as sources of 
information and as extensions of their own knowledge and reasoning 
systems. They can operate as a type of distributed intelligence where 
much of their intelligent behaviour results through the interaction of 
cognitive processes with bridge systems and the environment outside 
the bridge window. Researchers have found that cognition may not 
necessarily be confined to an individual’s grey matter [1, 11]. The 
information and knowledge required to complete tasks is available in 
the systems, resources, environment and other individuals they have 
at their disposal – whether these artefacts are collocated, transmitted 
via voice/text or viewed on a high definition display. When a seafarer’s 
intellect is tightly coupled to their windows on the world (e.g. their 
displays, their automation, the symbols and icons that access the 
information they require and the bridge window), decision-making 
and action can take place within the context established by the 
physical environment, where the structures put in place can often 
take some of the memory and computational burden off the human.

Sound navigational principles have been built on using a chart 
oriented to North up. Information processing research and literature 
related to chart orientation has shown that a seafarer may find 
navigational performance improvements by using a chart which 
is oriented to the direction of travel (e.g. Head-up or Course-up). 
When a frame of reference is not aligned (i.e. what is seen out the 
window is not a direct representation of what they see on the chart – 
such as, they are heading South using a North-up chart), the seafarer 
will need to mentally transform their frame of reference. Research 
indicates that this requires cognitive processing and an increase in 
mental workload, which may increase the likelihood of errors. Thus, 
a frame of reference transformation from true to relative reference of 
a situation can have an impact on human performance. If the chart 
is an electronic display and can automatically rotate in the direction 
of travel (e.g. “Track-up” or “Head-up”), mental rotation effort is 

minimized because text and symbols will rotate too; however, three 
other human performance costs may be encountered: 

• It becomes more difficult for a user to build a mental model (or 
an “understanding”) of the environment. Research has shown 
people are less able to reconstruct the environment after having 
operated with a rotating chart. 

• There are substantial individual differences in mental rotation 
ability. Some people will have no difficulty navigating with a 
North-up chart, with minimal human performance costs in 
maintaining an awareness of the greater spatial environment. 

• When communication is required between operators (e.g. 
between ships, and ship to shore, such as VTS) who may not 
share the same momentary frames, world referenced (exocentric 
or North-South-East-West) language is more universal and 
less ambiguous than relative referenced (port, starboard, ahead 
and astern) information. It is for these reasons that electronic 
charts with a fixed North-up orientation mode are included as 
a standard [24].  

The ability to orient to Head or Course-up provides a benefit 
to navigation in some situations (i.e. operating at high speeds or in 
littoral waters), but primacy of a North-up chart orientation is in 
keeping with the fundamental principles of navigation [19]. 

2.5 Human factors methods for engineering 
and design

Navigational operators, who are the main users of navigational 
equipment, should find that their displays provide a natural and 
intuitive interface between the equipment, the tasks they need to 
perform and themselves. There are many comprehensive methods for 
measuring and evaluating the cognitive, ergonomic and organizational 
elements of system design and manufacture. Research into such areas 
as human capabilities and limitations, human-machine interaction, 
teamwork, interface design and organizational design spanning 
back over many decades has provided the evidence for the validity 
of these methods and they continue to be used widely. Evaluating 
new interface designs using the methods outlined in human factors 
references [16 – 18] and ergonomic standards [6 – 9], in conjunction 
with the guidance of a human factors/ergonomic expert/practitioner, 
is recommended.

3. Standard Mode

3.1 Introduction

The concept of Standard Mode has been proposed under 
the agenda of the IMO e-Navigation initiative. At MSC 95, IMO 
recently identified that the ‘Guidelines on standardized modes of 
operation (S-Mode)’ are a priority and need to be established by 
2019. The Nautical Institute as initiator and main author of this 
idea was calling on the maritime community to have a say in its 
development [12-16].
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There are almost fifty ECDIS manufacturers, many of which 
offer more than one model, and some of the key operational features 
differ widely from one producer to another. The IMO’s e-Navigation 
project aims to ensure seafarers are provided with the information 
they need for safe and efficient navigation, and this includes the 
development of an “S mode” or standard mode of operation for 
navigation displays across all producers. Considerable variations in 
the way different producers display navigation systems have been 
a cause for concern for several years, prompting calls for a default 
setting across all models. The Nautical Institute strongly supports 
the introduction of a S-Mode, or Standard setting on all systems. 
The adoption of S-Mode would reduce the risk of confusion when a 
navigator is faced with a system that he is unfamiliar with. 

3.2 S-Mode: feedback needed

Seafarers are very traditional community. They often and 
passionately remind us to keep things simple, make best use of 
standardisation and to put a high priority on education and training 
(MET). Armed with this advice, efforts continue to work with all 
stakeholders in the industry to represent the professional views of 
seafarers, towards developing a future navigation system to improve 
safety and efficiency. 

These discussions bring us back to a recurring theme from the 
series of integrated bridge systems (IBS) conferences held in the 
beginning of this century. There the debate often centred on the 
need and advantages of standardised controls and presentation, 
and the advantages and need for the producers to drive innovation. 
One of main outcome from these conferences was the desire for an 
IMO approved default setting that could be triggered by a single 
button. Although the navigator-display interface is only one aspect 
of e-Navigation, it is an essential one. This general concept has now 
evolved into what could be called the ‘S-Mode’ of operation. 

It is recognised that there is a vital need to embrace new technology 
and for producers to be able to innovate with the expectation that if 
they get it right, they will be rewarded with sales of their products. 
Recent innovations include the chart radar; new technology (NT) 
nonmagnetron radar, AIS, LRIT, PNT; and ECDIS, to name just a few. 
Significant innovations from the past have included electronic position 
fixing systems (EPFS), NAVTEX, the gyro compass, autopilot, log 
and even the chronometer in its day. Standardisation of professional 
displays on the navigation bridge would simplify training and ensure 
that pilots and seafarers could be instantly familiar with the operation 
of such equipment when joining a vessel and therefore be better 
placed to concentrate on making relevant, correct decisions. The 
question therefore is how to balance these two important objectives.

The concept of S-Mode builds on the concept of a default setting 
by being a ‘default mode’. This mode is made possible by the increasing 
use of multi-function displays (MFDs) where radar overlay, charts, 
position information etc. are inputs that can be arranged or re-
arranged in standard form on a display. 

S-Mode would require all navigation displays, regardless of 
producer, to have a clearly identified button that, when pressed, 
brings the display into a standard format with a standard menu/
control system, standard interface (keyboard/trackball/ joystick 
etc.) and basic features. For example, there may have to be a tactical 

display for near-time decisions (collision, and/or hazard avoidance) 
and a complementary display for voyage planning. At the press of a 
button the tactical display might revert to a 6-mile range radar view 
with targets showing relative vectors; and perhaps hazardous depth 
contours shown from vector chart data, such as used on a chart 
radar. This view would be standardised and familiar to all pilots and 
seafarers and then could be manipulated through a standard menu 
system for a limited, although adequate, functionality. The benefits 
to this would be that [12]: 

• Training for S-Mode could be standardised throughout the world. 
• Any mariner or pilot would be comfortable reverting to 

S-Mode and be competent in using the system’s layout and 
functionality, regardless of producer.  

• Companies (Ship-owners) or Masters could impose S-Mode 
only use by crews until such time that they have proven they 
are competent to use further functionality that may have been 
provided by individual producer. 

• S-Mode could also be used at times when the bridge team is 
made up of multiple persons who need to share a common 
display for decision making. 

With the performance of S-Mode secured and strictly governed 
by the IMO, producers would be able to develop further functionality 
that they could market to shipowners as a ‘value added’ feature. If, 
in time, these new innovative features proved to be popular and 
effective, they could then be brought into S-Mode in a controlled 
way by the IMO. 

At a basic level, some vessels might opt to only have S-Mode 
functionality installed: however there may be other vessels which 
by the nature of their trade or quality of their training can take 
advantage of new and innovative features that would be developed 
by the industry.

3.3 The Nautical Institute initiative to make 
S-Mode reality

With almost fifty different producers of ECDIS alone now 
operating in the market, it remains difficult for mariners who may 
have just joined a ship to become familiar with even the key features. 
Not being familiar, particularly in darkness or during stressful 
situations such as busy ports, can be dangerous. No mariner wants 
to feel unprepared to use systems to make critical decisions. 

The Nautical Institute says that in order to know how to 
minimise the risk, one thing is to make sure you are familiar with 
all the key tasks that will be required – and get someone to show 
you if you are unsure about any of them [12–16].

It should be explained that Nautical Institute’s proposal on 
S-Mode involves the following three features: 

• A default display presented at the press of a button;
• A standard menu structure on this display, where all essential 

tasks could be operated in the same way across all producers;
• A standard interface device (mouse, trackpad, joystick, etc.).

He further mentions The Nautical Institute insists that the 
S-Mode guidelines should have the widest possible input from 
the estimated 400,000 navigating officers in the global fleet. This 
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feedback should then result in a small number of possible solutions 
that will then be thoroughly tested in simulation for effectiveness 
before a final decision is made.  It is also important that any solution 
should be future-proofed (perhaps through software updates), so 
that S-Mode evolves with time and technology to remain effective.

3.4 Industry at odds over Standard Mode for 
ECDIS

It was a milestone in the era of digital disruption; the International 
Maritime Organization (IMO) mandating the use of electronic chart 
display and information systems (ECDIS) made centuries-old 
paper charts traditionally used for navigating the high seas swiftly 
redundant. This regulatory catalyst sparked the perfect storm of 
competition-driven innovation and fast-paced advances in ECDIS 
technology, which resulted in a wide range of products able to cater 
for individual ship needs becoming available to owners Wide-ranging 
options from a variety of producers may be a favourable scenario for 
the shipowner making ECDIS investment decisions, but it exacerbates 
the increasingly problematic scenario of seafarer unfamiliarity when 
faced with differing equipment from ship to ship [19].

As was mentioned above there are almost fifty ECDIS producers, 
many of which offer more than one ECDIS model, each with different 
features. So seafarers increasingly find themselves facing a bewildering 
array of ECDIS models. For the seafarer, flipping between models, 
proficiently familiarising themselves with the key operational features 
when moving from one ship to another is a difficult task.

Familiarity with an ECDIS is key to its proficient use in critical 
decision making. Therefore, the debate around the importance of 
standardisation and the possible development of a standard mode 
of operation, or ‘S-Mode’, for navigation equipment has landed 
firmly in discussions at IMO headquarters.

The year 2008 was pivotal in the journey towards S-Mode. It was 
during this year that The Nautical Institute and the International 
Federation of Ship Masters’ Associations (IFSMA) proposed, in a 
joint submission to the IMO, the development of an S-Mode for 
navigation displays. At MSC 95 in 2015, the IMO identified that 
the development of guidelines on S-Mode was imperative, citing 
the development of S-Mode as one of its top six priorities under 
its four-year work programme on practical solutions to implement 
e-Navigation [20, 21]. Fast forward to 2018 and the S-Mode 
development wheels were still in motion. The next milestone was 
at the beginning of 2019, when a set of guidelines describing a 
standardised mode of operation and display for all navigational 
equipment was submitted and preliminary adopted.

4. Guidelines for the 
standardization of user 
interface design for 
navigation equipment 

4.1 Introduction

The guidelines apply to Integrated Navigation Systems (INS), 
Electronic Chart Display and Information Systems (ECDIS) and 
Radar equipment. They may be applied to other electronic navigation 
equipment, and navigation sensors where applicable where it would 
improve standardization and usability. The aim of these guidelines 
is to promote standardization of user interfaces to help meet user 
needs. The guidance within these guidelines has been developed in 
close collaboration with an international association of equipment 
producers to ensure its efficient implementation. The guidance also 
aims to leave room for future innovation and development while still 
addressing the primary user need for standardization and usability 
[2]. Improved standardization of the user interface and information 
used by seafarers to monitor, manage and perform navigational tasks 
will enhance situation awareness and safe and effective navigation.

4.2 Scope

The guidance stems from a compelling user need for greater 
standardization to enhance usability across navigation equipment 
and systems. Significant variation between systems and equipment 
produced by different manufacturers has led to inconsistency in 
the way essential information is presented, understood and used to 
perform key navigation safety functions. Improved standardization 
of navigation systems will provide users with more timely access to 
essential information and functions that support safe navigation and 
will be useful for the design of interoperable systems by different 
producers. 

While the operation of navigation equipment requires specialist 
training and familiarization, variations across different producers’ 
equipment for mandatory functions should be minimal. The 
application of these standardization principles enables users to 
locate and understand important information quickly and enhance 
all levels of situation awareness, such as perception, comprehension 
and projection of situation, which will assist in the seafarer’s decision 
making process. 

The guidance has been informed by past research into human 
factors, cognitive science and human centred design (HCD) as the 
findings stemming from this research has been seen to be advantageous 
and should be considered as part of system design (background 
information can be found in [4], Appendix 1). This is largely due to 
HCD affording users quicker and more efficient understanding and 
familiarization of new technology. Well conducted HCD can also 
result in error-tolerant systems that can reduce the complexity of 
tasks while increasing task support.

The standardization design principles for electronic navigation 
equipment are addressed within these guidelines. The design 
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principles have been applied in the development of the technical 
content provided in the appendices to these guidelines. The 
appendices include: 

• default and user settings; 
• standardized terminology, abbreviations and icons for 

commonly-used functions (Hot Keys) and groups of functions 
(Shortcuts); 

• logical grouping of related information; 
• access requirements for essential information and functions. 

There are a number of IMO instruments and other international 
standards that deal with system design and information portrayal. 
The guidelines builds on such standards. A list of relevant references 
used and/or consulted during the drafting of the guidelines appears 
at the end of the document.

4.3 User needs

The guidelines have been developed for the equipment 
manufacturer but are driven by the needs of seafarers. They are 
focused on standardization of user interfaces provided for INS, ECDIS, 
Radar and other relevant equipment where applicable, whether the 
equipment is stand alone or part of a mixed/integrated solution. 

Large variations in the user interfaces of electronic equipment 
can significantly inhibit an operator’s effectiveness in performing 
navigational tasks. Where there is significant variation in buttons, 
icons, actions, workflows, processes, units of measure, or location of 
information, there is a commensurate increase in the time required 
for equipment familiarization and the risk of operational error, 
particularly in challenging navigational situations. Users need to be 
better able to accumulate knowledge, skills and experience of using 
essential functions, which can be transferred between the systems and 
equipment of different producers. To achieve this, essential functions 
and information needs to be located in consistent locations, be of a 
similar size, recognizable by location, colour, and shape. Units of 
measurement should also be consistent. Feedback from users and 
research indicates that users benefit from standardization, which 
provides for effectiveness, efficiency and satisfaction for the user, 
and supports overall system safety. This provides the navigation 
equipment user with an opportunity to transfer skills gained through 
experience between systems and equipment. Deck officers surveyed 
on the usefulness of standardization stated that they believed it was 
a necessary safety measure especially when applied to navigational 
equipment.

4.4 Standardization design principles for 
S-Mode

User feedback and testing has been used to develop a set of design 
principles, adapted from commonly recognized user interface design 
heuristics. These principles align with the navigation equipment 
users’ need for greater standardization. They could be applied to 
future design processes for electronic navigation equipment, and to 
test conformance with these guidelines.  

Vast amounts of information are made available to the user 
of electronic navigation equipment. To a large extent, the safe 

navigation of a ship depends on a user’s ability to identify, understand 
and interpret essential information, in order to perform navigation 
functions. Good decision making depends on the effective and 
efficient use of essential information from across different pieces 
of equipment. Different manufacturers often produce these 
different pieces of equipment. The use of standardization design 
principles across key systems and equipment will improve design 
consistency, reduce head down time, increase situation awareness, 
and provide users with more time to look out, evaluate situations 
and monitor a ship’s safe navigation. Users generally follow a 
common, but often undocumented, workflow for the functions 
associated with their role. Standardization of information and 
the way it is presented makes this task easier. As an example, the 
standardization of essential information for navigational tasks 
means that the user can easily comprehend information across 
different navigation systems and equipment. Greater usability can 
reduce the workload and simplify the process, which increases 
efficiency and effectiveness.

The following principles were applied when designing the 
appendices to these guidelines [2, 4]:

• Consistency has been identified as the most significant 
standardization design principle. The use of consistency 
throughout the design process increases usability. The findings 
of user feedback and system testing can be used to identify 
areas where further consistency can enhance standardization: 

•  Standard vocabulary – which should be in accordance with 
Standards of Training, Certification and Watchkeeping for 
Seafarers, and appropriate IMO Model Courses terminology. 
Consistency in naming, in conjunction with (2), (3) and (4) 
(see below), will aid search and identification. The naming 
protocol should be based on the needs of seafarers. Functions 
related to mandatory tasks should follow a standardized 
naming convention whereby the function name is shared 
between systems (e.g. starboard and port, not right and left). 

• Standard symbols and icons – many function-related icons 
vary across different navigation equipment and between 
producers. Appendix 2 provides information on icons, 
symbols and abbreviations that require standardization. 
Consistency enables recognition and detectability across the 
user interfaces of different navigation systems.  

• Patterns, patterns grouping – humans react positively to 
patterns and logical groups of items, and use categories 
to search for individual bits of information. User testing 
can identify groupings and patterns of information that 
should be prioritized for consistency. Patterns incorporate 
the way in which someone uses information and the types 
of information that are grouped together. 

• Standard location – the search for information when 
monitoring can be greatly improved through the use of 
consistent location, which when coupled with consistent 
grouping greatly speeds up searches and contributes to 
recognition. User testing has identified high frequency use 
areas that may be places and locations on a display screen 
requiring standardisation. Colocation of related essential 
information is beneficial. 
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• Recognition – Using the location and grouping for consistency 
provides for recognition. Human perception and search works 
faster with cues than complete recall – which is aided by 
consistency. The user must recognize where information is, or 
how to perform a process. In performing functions, the user 
should not need to recall a process where something is located 
or the process for doing something. This is the ability for the 
user to recognize an event, process, or information flow rather 
than recall the detail of how to get to that point. This is integral 
to usability. 

• Frequency of use – Sorting, grouping and locating of information 
according to frequency of use increases efficiency. This principle 
requires that the user can access those tasks that they frequently 
use. It includes the application of “hot keys”, and single operator 
actions. 

• Visibility of system status – The integration of humans and 
technology to support the ability to work as a team relies on 
their being able to identify system status. System status provides 
confidence in the validity of information, and the performance 
of navigation equipment and sensors. Knowing the system 
status includes visibility of “processing” information and the 
correct functioning of system sensors to illustrate degraded 
information and/or PNT data. 

• Projection to real world – There are two elements to projecting 
to the real world.

• Whenever possible use images or wording that is contextually 
related to the task. This is applicable to the interaction with 
the user interface, for example when increasing a number, 
twist a dial and show increase as “up”…, 

• Geolocation of information to provide a linkage, or 
correlation, between the user, electronic equipment, and 
the real world relative to the ship promotes correlation of 
information. When combined with recognition, the user 
intuitively links displayed information with physical reality. 
In other words, what appears on the visual displays in terms 
of location and information is in accord with the seafarer’s 
understanding of where they are.

• Prevent errors, emergency exit – Continuous testing during 
development will identify possible error paths that can be 
removed. Users should be aware of how to navigate back to 
the start of a process, and also be aware of where they are in 
that process. The user should always be able to see navigation 
critical information even if layers of information are interlaid 
with the ENC/RADAR. 

• Help functions – Design help functions embedded within 
systems to be logical, task focused, user friendly, easily accessed 
and understandable. For example, where a user puts the cursor 
or marker on a specific icon, the meaning of the icon may be 
automatically displayed to help the user. To assist and help the 
user, technologies such as interactive learning of a task and use 
of videos could be implemented into the system

4.5 Navigation-related terminology and icons 
of functions

This appendix to the Guideline identifies commonly-used 
functions on navigation equipment and for each function specifies 
the associated terminology, abbreviation and (where appropriate) 
icons. These terms, abbreviations and icons, if available, should be 
used for the display of navigation-related information, to promote 
consistency of presentation across navigational equipment. 
The terminology and icons listed in appendix 1 should replace 
symbols which are currently contained in existing performance 
standards. Where icons, terms and/or abbreviations are used, they 
must meet the requirements of the guidelines. Where a standard 
term, abbreviation, or icon is not available, another icon, term or 
abbreviation may be used, but these should not conflict with those 
listed in the guidelines. 

All terms and abbreviations in this appendix are mandatory 
to implement. Use of icons is not mandatory; but if icons are 
implemented then they must meet the requirements specified. The 
icons specified may indicate a status, may execute a specific function 
(hot key), or may provide access to a group of related functions 
(shortcut). Only the shape of the icon is specified; the guidelines does 
not specify a colour scheme for icons, except for the icons depicted 
in colour in Table 2 which should follow the IHO colour scheme 
or similar. For some functions, multiple icon options are suggested 
for consideration. The final S-Mode Guideline should provide only 
one icon for each function. Where appropriate and practical, a brief 
explanation of the purpose of an icon should be easily obtainable by 
the user. This functionality should be able to be turned off easily by 
the user.

Icons and terminology for functions (hot keys) were presented 
in 6 tables [4]: 

• Table 1: General navigation functions,
• Table 2: Control of chart display function,
• Table 3: Control of chart functionality,
• Table 4: Database functions,
• Table 5: Route plan and monitoring functions,
• Table 6: Groups of functions.

Here, in the article are presented two example tables.

5. Conclusion

This paper supports the IMO Guidelines for the standardization 
of user interface design for navigation equipment by explaining the 
application of human factors and cognitive science during the design 
of navigation systems. This paper also provides relevant information 
on human factors and human error and how they relate to system 
design. It also discusses human factors research relating to icons and 
display design, the presentation and processing of information and 
their effect on decision-making, the effects automation can have on 
human performance, and how a ship’s systems, information displays 
and the human element form a distributed cognition team. S-Mode 
aims to reduce variation in navigation systems and equipment through 
the standardization of some aspects of the user interfaces. This in turn 
will help provide users with timely access to essential information 
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and functions that support safe navigation. This guidance stems 
from a strong user need for consistency of essential information, 
to perform key tasks and functions, irrespective of an equipment’s 
manufacturer. While the operation of navigation equipment requires 
specialist training, specific training or familiarisation should ideally 
be minimised where possible. S-Mode enables users to locate 
and interpret information quickly and react decisively, which is 
crucial to safe navigation. The above statements have shaped the 
development of the S-Mode guideline. This guideline is intended 
for electronic navigation equipment, specifically Electronic Chart 
and Display Information System (ECDIS), Integrated Navigation 
System (INS), Integrated Bridge System (IBS), and Radar/ARPA. 
The usability of other electronic navigation equipment and systems 
may also be improved through the application of this guideline in 
the design process.

All opportunities should now be taken to promote the existence 
of the guideline and to encourage those involved in purchasing 
navigation equipment to source equipment that embodies the content 
of the guideline.

Table 1. General navigation functions [4]

Table 2. Control of chart display function [4]
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ABSTRACT
By the methods of field research, it is determined the primary factors of traffic flows on the sections of urban two-
lane streets, where routes of tram and urban bus movement which have motion in general structure of traffic flow are 
laid. Using methods of documentary research and traffic simulation, there are received results of change of average 
operational speed of tram and urban bus movement during different periods of operation on the route; traffic flow 
delays connected with technological features of tram and urban bus routes functioning in zone of operation of tram 
and urban bus stops and controlled intersections. Using methods of traffic simulation, it is determined possible time 
losses and queue length in traffic flows in conditions of increase of traffic volume and change of its composition 
(increase of urban public transport rate).

KEYWORDS: speed of movement, traffic flow, traffic volume, traffic delay, urban public transport

1. Introduction 

During improvement of existing and designing the new 
schemes of traffic management quite often the questions of 
justification the location of urban public transport (UPT) stops 
relatively intersections are appearing. The existing standards allow 
to locate stops either on approaches to intersections or after them 
depending from the UPT mode that carry the service of passenger 
flows on one or another routes. But, such determined engineering 
approach does not always meet interests of road users that is due 
to influence of many other factors, among which: geometric-
planning parameters and configuration of intersection; traffic flow 
intensity and their redistribution in intersection zone; number of 
allowed directions of movement on approaches to intersection 
and after them; the way of pedestrian flows management within 
intersections and their intensity; presence of places of passenger 
flow generation and their location relative to the intersections; 
number and direction of UPT routes on intersections etc. Neglect 
of these factors and also their simultaneous imposition can cause 

additional time losses during crossing the intersections which 
are additionally differ between each other by configuration and 
the mode of movement control and, relatively, to worse the 
effectiveness of their work. Solving such problem in conditions 
of modern cities where the amount of transport and traffic 
intensity permanently increase, is current scientific-applied task 
which can have different decisions even within the same factors 
of traffic users, among which are intensity and its irregularity for 
traffic and pedestrian flows, traffic composition etc. Additionally, 
it is necessary to admit that UPT stops can be as equipped with 
parking pockets or without such pockets that also make changes in 
character of traffic flow movement, except those places where UPT 
moves in separated lanes. It is important to admit that in practice 
of designing it is not always possible to achieve the desired result 
even if for it was spent a significant amount of financial resources 
for redesigning the elements of road network on intersections 
and in zones of their action. Partly, this task can be realized using 
simulation methods that allows with sufficient level of results 
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accuracy to predict the effectiveness of implemented measures 
within existing and forecasted factors of road users.

2. Literature review 

On the primary stage of the research lets analyze standard 
approaches to location the UPT stops relatively intersections of city 
roads and streets that are currently valid in Ukraine. It is stated [1] 
that stops of UPT that moves in general structure of traffic flow, as 
a rule, should be located after intersections on the distance not less 
than 5 m from pedestrian crosswalk and 20 m from intersection 
to loading refuges. Tram stops on separated lanes or in the middle 
of roadway should be located before intersection of roads and 
streets before pedestrian crosswalks on the distance not less than 
5 m from intersection. Location of tram stops after intersections 
is allowed as exception in cases when after intersection big object 
of mass visiting is located (place of passenger flows generation) 
or capacity of street (road) lane after intersection is bigger than 
before it [1]. Having analyzed such standards, it is possible to say 
that equipment of stop is justified by the capacity of streets and 
intersections formed by them and also planning peculiarities from 
the view of laws of urban planning. But, guiding solely by laws 
of the norm, it is quite often not taken into account the specifics 
of transformation the pedestrian flow into passenger in within 
places of its significant generation, that leads to the necessity to 
equip the big amount of pedestrian crosswalks and to provide 
their appropriate regulation, and also that UPT passengers can 
make transfer between different routes and modes and for its 
realization it is necessary to perform additional movements in 
intersection zone. In conditions of controlled intersection, the 
crowding of pedestrians is happening that require provision to 
them separate phases that causes additional delay during traffic 
flow movement, in particular UPT [2]. Considering uncontrolled 
intersections, such additional delays can occur in case of necessity 
the realization of pedestrian crosswalks in their zones through all 
streets that create such intersections.

Let’s consider the existing scientific approaches to the 
determination of movement delays on intersections and concentrate 
our attention on factors that cause them. All they are based on 
provisions that arrival of road users to intersection is a random 
process.

On controlled intersections, for determination of vehicle delay 
quite often such indicators are used: traffic light cycle duration; 
degree of saturation of movement direction; the duration of 
green signal to the traffic cycle duration ratio; traffic intensity 
on investigated direction; coefficient of variation of traffic flow 
intensity (mean square deviation to mathematical expectation the 
amount of vehicles that arrive to intersection during the cycle ratio); 
saturation flow [3-4].

On uncontrolled intersections of streets (roads) in one level 
time losses are determined with consideration of traffic intensity 
of the secondary street (road) in both directions in physical units, 
medium delay of one vehicle, coefficient of movement variation 
during the day, marginal interval that is necessary for vehicle 

from the secondary direction to ride on the main direction or 
to cross it [4].

Disadvantage of this method is that in both cases does not taken 
into account the impact of UPT stops, additional delay, predetermined 
by the need of intensive pedestrian flows in crossing in conditions of 
traffic light control, and also the fact that on uncontrolled intersections 
pedestrians cross the street not only on secondary directions but also 
on the main, where also, in this regard, appear delays in movement 
of vehicles. Besides, it is known that delays on all types (by regulation 
mode) of intersections can appear also because of road surface 
unevenness [3].

Considering time losses of pedestrians from crossing the 
uncontrolled pedestrian crosswalk, there, from the results of 
experimental research, is determined that the group of pedestrians 
accepts as acceptable for such crosswalk less interval between vehicles 
than separate pedestrian [5].

Considering UPT delays on controlled intersections, they can 
depend from such situations. Firstly, delay of traffic light signal 
is simple delay that appears because of big amount of vehicles 
that use the same lane ae UPT and connected with the capacity of 
intersection [6]. Secondly, delays can appear in connection with 
temporary crowding in lanes the buses, trolley-buses (or trams) 
that can have joint stops for boarding and alighting the passengers 
[7]. Priority traffic light control for UPT can have one of two forms 
– passive or active [8]. Passive traffic light control is development 
of such control systems, where the direction (street or road) that 
serve the route of UPT is always given more permissive signal in 
comparison with other conflicting directions. Such actions cause 
the increase of speed of the whole traffic flow that moves in given 
direction [9]. During active control, or control in real time regime, 
traffic light phase on the direction that serve UPT changes during 
the approach of such vehicles to the stop-line.

The aim of the study is determination of the change of the 
movement duration, average and maximum queue length depending 
from the change of intensity of traffic and pedestrian flows and the 
principle of UPT stops implementation in zones of city streets and 
roads intersections influence.

3. Materials and methods

 In this study the results of simulation are reviewed that was carried 
out for determination the movement conditions and indicators of 
delay, vehicle queue length on uncontrolled intersection of Patona – 
Ryashivska Str. and controlled intersection of Horodotska – Korotka 
Str. and Kropyvnytskoho Sq. using specialized program software 
PTV VISSIM. These objects are chosen for the research because there 
stops are equipped due to standards. Simulation was to complete such 
stages:

• determination of traffic flow intensity and composition on all 
approaches to intersection;

• building of traffic lanes and constructive elements of 
intersection in PTV VISSIM using its copy and geographic 
informational data;

• determination of the duration of passage a zone of controlled 
intersection by one vehicle, maximum and average queue 
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length on approach through the Hohodotska St. (from city 
center) in the presence of UPT stop which is unequipped 
by parking pocket (existing model) and absence of the stop 
(model for simulation), when it is aft er intersection;

• determination of the duration of passage a zone of uncontrolled 
intersection in the main direction by one vehicle in two cases, 
when UPT stop is equipped in parking pocket (existing model) 
and without parking pocket (model for simulation) in the same 
simulation conditions as for controlled intersection;

• formation of results and their graphic interpretation.

Traffi  c fl ow intensity and composition, and also pedestrian fl ow 
intensity is determined from the results of fi eld research using the 
method of operational tracking of traffi  c (determination of road 
users’ indicators during short-term measurements up to one hour) 
in peak hours of working days of the week. Traffi  c fl ow intensity 
on the approach from Horodotska St. on controlled intersection 
of Horodotska – Korotka Str. and Kropyvnytskoho Sq. was 1252 
auto/h under such traffi  c fl ow composition: automobiles – 60%; 
trucks – 8%; UPT (buses and trams) – 32%. Considered approach 
has 2 lanes in one direction. On the main straight and opposite 
direction of uncontrolled intersection of Patona – Ryashivska Str. 
measured traffi  c intensity was relatively 534 auto/h and 362 auto/h 
under such traffi  c fl ow composition: automobiles – 90%; trucks – 
5%; UPT (buses and trolley-buses) – 5%. 

Aft er building the intersection model in specialized program 
soft ware PTV VISSIM there was carried out simulation by duration 
of 1 hour aiming at determination the traffi  c fl ow characteristics 
for existing and project schemes. 

4. Research results 

Simulation was carried out taking into account sustainable 
growth of traffi  c intensity on the approach (20%) with unchangeable 
traffi  c fl ow composition with such assumptions. If vehicle rides on the 
intersection in the moment of turning on the yellow signal of traffi  c 
light, then it fi nishes the crossing of intersection. Th e aforementioned 
simplifi cation leads to the fact that maximum number of the queue 
in the model reaches in the moment of turning on the permissive 
signal. In real conditions, at the time of starting the movement of the 
fi rst vehicles from the queue some more vehicles arrive to its tail. In 
the moment of starting the movement of the last vehicle from the 
queue that was at the moment of turning on the permissive signal, 
its length on the approach to intersection is less than maximum but 
the extent (in vehicles or in meters) is bigger. Th at is why received 
results of maximum queue length can be used for the assessment of 
the eff ectiveness of control algorithm but not for assessment of the 
length of traffi  c lane, necessary for accumulation of the queue.

In the algorithm, it is not taken into account traffi  c fl ow 
composition, and also pedestrian movement through the intersection 
(let’s consider that pedestrians have enough time for crossing the 
roadway during the permissive signal of the appropriate phase). 
Graphic interpretation of simulation results is given in Fig. 1.

Fig. 1. Determination of the duration the crossing of controlled 

intersection zone by one vehicle (a) and the average queue 

length (b) on the approach from Horodotska St. (from the 

city center) providing the presence of UPT stop unequipped 

by parking pockets (1) and its absence (2) [own study]

Having analyzed Fig. 1a, it is possible to say that the change of 
the duration the crossing from the pointed approach the zone of 
controlled intersection by one vehicle with the presence of UPT 
stop unequipped by parking pocket changes with the increase 
of traffi  c intensity by 20% in an amount of 4% to 51%. Th ereby, 
with the increase of the intensity in two times the duration of the 
crossing increases in 2,2 times. At the same time, when UPT stop 
is absent (moved aft er intersection) under the same parameters 
of traffi  c light control and the growth of intensity, the duration 
of the crossing changes from 2% to 5%, i.e. with the increase of 
traffi  c intensity in two times we receive the increase of crossing 
time in 1,14 times. Comparing among ourselves the simulation 
results of the duration of the crossing by one vehicle in conditions 
of presence and absence the UPT stop under the same value of 
intensity, we get the increase of the eff ectiveness from 1,66 times 
at the primary (measured) value of intensity to 3,22 times at its 
increase in two times. From the Fig. 1b, it is possible to say that 
similar trends are observed for the average queue length on the 
approach to controlled intersection.

In comparison with controlled intersections, where vehicle 
delay, apart from their dynamic characteristics, determines by the 
traffi  c light control regime, on uncontrolled intersections processes 
of randomness appear more oft en and are connected with the 
unevenness of vehicle arrival to the intersection, i.e. because of the 
random time intervals between them. Besides, such phenomenon 
of randomness is inherent to pedestrian fl ows which make the 
movement in intersection zone through uncontrolled pedestrian 
crosswalks. Graphical interpretation of simulation results for the 
main directions of uncontrolled intersections are given in Fig. 2
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Fig. 2. Dependence of the duration the crossing of uncontrolled 

intersection zone by one vehicle by straight (1) and opposite 

(2) directions, where parking pockets for UPT stops are 

provided from the change of traffi  c intensity [own study]

Having analyzed Fig. 2, it is worth to admit that the duration 
the crossing of uncontrolled intersection zone by one vehicle is 
less than on controlled intersections which is due to the absence 
of delay connected with traffi  c light control regime. Besides, 
during increasing of the intensity such duration of the crossing 
between the steps of simulation does not exceeds 3%, and during 
the increase of summary intensity in two rimes (from 896 auto/h 
to 1972 auto/h) – from 8% to 56% that is less range of values in 
comparison to controlled intersections. 

Fig. 3. Dependence of the duration the crossing of uncontrolled 

intersection zone by one vehicle by straight (1) and opposite 

(2) directions, where parking pockets for UPT stops are not 

provided from the change of traffi  c intensity [own study]

Similar trends are observed also at the change the same duration 
of the crossing, where parking pockets are not provided. Th ere the 
diff erence in minimum and maximum values at the same change of 
the summary intensity on the approaches is 26% – 56%.

5. Conclusion

From the research results, it is possible to make such conclusions:
• the main factors are analyzed which have impact on the 

process of formation of delays in the movement of traffi  c and 
pedestrian fl ows in intersections control zones depending 
from the control mode and determined that they are: traffi  c 

intensity, traffi  c fl ow composition, and also the type of UPT 
equipment;

• it is determined that on controlled intersections the duration 
of the crossing in conditions of the absence of parking pockets 
on UPT stops and increase of traffi  c intensity on the approach 
from 1252 auto/h to 2354 auto/h increases in 2,2 times, and 
with the absence of such pocket in 1,14 times;

• it is determined that on uncontrolled intersections during 
the change of the summary intensity on the main direction 
the duration of the crossing is less than on controlled 
intersections, which is due to the absence of forced traffi  c light 
control and during simulation time (step-by-step increase 
of the summary intensity from 896 auto/h to 1972 auto/h) 
changes in range 8% – 56% providing that UPT stops are with 
parking pockets and 26% – 56% providing that UPT stops are 
without parking pockets.

Consequently, adherence to existing standards does not 
provide suffi  cient justifi cation about the place and the mode of the 
UPT stop location, proceeding from the criterion of minimization 
the time of intersection zone crossing depending from the way 
of movement control on them and queues which appear on 
approaches to them.
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