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ABSTRACT
This paper presents the possiblities of the use of the shortest path in the graph algorithms in ship’s safe route
choice process in a restricted area. To create a graph, a trapezoidal mesh based on the S-57 digital map data was
used. Numerical experiments were carried out and their results are discussed
KEYWORDS: shortest path, safe route, restricted area, navigation, trapezoidal grid

1. Introduction
The main task in navigation is to conduct safely an object
from departure point to destination. Besides there is a need to
consider all the limitations (e.g. coast line, other objects, existing
regulations etc.). This problem is widely investigated by research
and commercial units.
Navigation in the restricted area can be described as searching
the shortest path in graph created by the grid of points representing
this area. In this paper trapezoidal grid and the use of few shortest
path algorithms are described. The results conduct to interesting
conclusions present in the summary.

2. Trapezoidal grid
2.1. Grid generation algorithm
Trapezoidal grid created on the basis of data obtained from
navigational electronic chart S-57 [5] can be used as a tool for
designing a graph of possible paths in given area.
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Input data is a set of ordered points representing subsequent
objects present in the fragment of map. These points will be the
nodes of generated trapezoidal grid. The first step is to choose the
first object and subjecting it to transform process. In the next steps
further object are added and the grid is modified locally.
Grid elements are created by conducting two vertical segments
from each node (which is a beginning / end of vectors marking the
boundaries of objects). This node is the bottom end for the first
segment and a upper end for the second one. The second end of
each segment consists of (Fig. 3) [6]:
1. the closest crossing point of the segment with any object’s
boundary on map or
2. grid coverage area boundary
Each mesh is defined by:
1. the indices of two nodes, which are output vertical segments
forming the sides of the mesh,
2. indices of the two lines belonging to the object (objects) on
the map restricting elements of the grid at the top and bottom.
If the element is located at the border of a grid coverage area,
the edges of the area can be the sides of the mesh.
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2.2. Graph creation algorithm
In described method two ways of positioning of the vertices of
the graph were applied:

Fig.1. Trapezoidal mesh, (N – nodes, 0 – 8 –numbers of mesh
elements)

As a result of the algorithm a graphical representation of a grid
and (Fig. 1) a sorted array containing the data for each trapezoid
are obtained. The array includes among others: λcoordinates of
vertical sides, indices of lines restricting a trapezoid from bottom
and top, corners coordinates, classification information – allowed
/ not allowed, indices of neighbour elements.
The prohibited areas are classified as elements of a grid located
on the land, excluded from the inland areas, small depth regions,
vessel wrecks areas etc.
Trapezoids are marked as neighoburs only if they are in
contact with the vertical side formed by setting segments from the
grid node. Each one can have up to 4 neighbours, two from the left
and right, defined as (Fig. 2) [4,6]:
ttop left;
tbottom left;
ttop right;
tbottom right.

A In each one grid element and corresponding vertical segments, 3
to 5 points are placed, depending on the number of trapezoids
neighbouring:
tone point on the line passing through the middles of segments
being bottom and top edges of the element in the middle of
the distance between them,
tone point in the middle of each vertical side, if the element
has a neighbour,
ttwo points on each vertical side, if the element has two
neighbours – each of the points midway between the element
and it’s neighbour,
B. In each one grid element and corresponding vertical segments, 9
to 15 points are placed, depending on the number of trapezoids
neighbouring:
tthree points on the line passing through the middles of segments
being bottom and top edge of the element: one midway between
them and two in Δϕfrom bottom and top edge of the element,
tthree points on each vertical side, if the element has one
neighbour – one point in the middle of vertical side and two
points in Δj from bottom and top edge of the element,
tsix points on each vertical side, if the element has two neighbours
– one point in the middle of each segment connecting the
element with it’s neighbour, two points in Δj from bottom
and top edge of the element.

Fig.3. Graph nodes: a) methodA – maximum 5 nodes, b) methodB –
maximum 15 nodes

Fig.2. Neighbouring trapezoids, (relatively to trapezoid 1): 2 – top
left neighbor, 3 – bottom left, 4 – top right

Determine the relative positions of the grid elements and
prohibited elements is the basis for the construction of the graph
of possible paths used in route selection and optimization.
Fig.4.Vertex connections: a) method A – maximum 5 nodes,
b) method B – maximum 15 nodes
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,Q¿UVWFDVHFRQQHFWLRQVEHWZHHQQRGHVFDQDSSHDULQRQH
WUDSH]RLG ,Q WKH VHFRQG RQH LI WKH PD[LPXP QXPEHU RI QRGHV
 LVUHDFKHG±SRVVLEOHFRQQHFWLRQVDSSHDU
The ratio of the distance Δϕto the total length of the vertical
side of trapezoidlis determined experimentally and ranges from
0.1 to 0.2.
7KHRXWSXWGDWDDUHWKHDUUD\RIQRGHVZLWKWKHLUQXPEHUVDQG
FRRUGLQDWHVDQGWKHDGMDFHQWPDWUL[UHSUHVHQWLQJWKHJUDSKRI
SRVVLEOHSDWKV

3. Experiment
In this paper three examples of trapezoid grid are given. The
test area is present at Fig. 5. Restricted area is represented by gray
polygons.
Trapezoid grid for the test area was created. It contained 43
elements (trapezoids). After the elimination of restricted elements
26 elements were obtained (Fig. 5)

Fig.5. Test area

Fig.6. Example I – created with the use of method A–nodes and
possible connections

Example II shows a graph containing 163 nodes nad 1722 possible
connections between them. The average time of graph generation was
about 44 [ms].

Fig.7. Example II – created with the use of method B–nodes and
possible connections

Three graphs of possible paths were generated:
tFirst, created using method A described in 2.2 – from 5 to 8
possible connections in one trapezoid (Fig. 6) ,
tSecond , created using method B described in 2.2 – from 15
to 75 possible connections in one trapezoid (Fig. 7),
tThird, which is the combinations of methods A and B in
narrow passages between two restricted areas. If the height l of
the vertical side of the trapezoid was less then some assumed
value, method A was used. Method B otherwise (Fig. 8).

The example III is the graph with 101 nodes and 774 possible
connections between them. The average time of graph generation
was about 34 [ms].

In the example I and II method B was used for creating a graph
with assumed ratio

'M
l

01

(1)

In the example I the created graph has 55 nodes and 176
possible connections between them. The average time of the grid
generation was about 28 [ms] .
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Fig.8. Example III – created with using the combination of two
methods: A and B
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The use of method A results the shorter time of alogirthms’
execution, but obtained paths but the change of direction has a large
angular values.
Example II results the longer execution time but offers more
possibilities to choose the path. If the 'M ratio is small, especially
l

if the length l is short, the paths generated are to close to the edges
of restricted areas. Besides, despite of increasing the number of
nodes, there was no possibility to limit the number of returns by
the angle of high value.
The combination of method A and B in the last example resulted
the reduction of the number of nodes by 38% and the execution
time by 23%.
Besides the arrange of graph nodes in narrow passages using
the method A, resulted withdrawal of the paths generated from
the edges of prohibited areas

4. Shortest path search
The problem of the shortest path between the nodes of the graph
is solved using different methods. The most pupular are: Dijkstra [1],
Bellman-Ford, Floyd or A* algorithm. There is also an alternative way
– e.g. methods based on artificial intelligence [2]. In [7] Śmierzchalski
proposed an approach using evolutionary algorithm. In this paper
one of these methods was chosen – simplified ant colony optimization
(SACO [2]). The advantages and disadvantages of each approach are
described in [3].
As it can be seen at all the figures 9-11, there is no problem
wich finding the shortest path between two nodes basing on the
graph created by the method described above in section 2 of this
paper. Besides the difference between methods A, B and their
combination can be observed. There is no figure illustrating the
result of SACO algorithm because of the fact that this method
doesn’t guaranty any optimality, so the route obtained will be always
different. Of course this is due to the probabilistic character of this
method.

Fig.10. Example II – the route

It can be found e.g. in [5] that each proposed algorithm has
different computational complexity which results other execution
times. This is very important due to the fact that the proposed
methodology is to be used in the future in DSS system supporting
the decision process of the navigator at the ship.

Fig.11.Example III – the route

Table 1 illustrates the average times of shortest path searching
in each experiment.
Table 1. Average time for each search path algorithm

Fig. 9 – Example I – the route

6

Method

Average time [ms]

A*

23

%HOOPDQ)RUG

44

'LMNVWUD

30

)OR\G

41

SACO



These results above were expexted as it has been proven in [3].
The natural conclusion is that the average time of the execution
depends on the computational complexity of the algorithm
and the guarantee of optimality. The longer time in the case of
SACO algorithm should be explained separateky. Although the
computational complexity of SACO and Floyd algorithm is the
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same at O(n3) – the first one has probabilistic character and is not
always able to find a solution [2].
The best (shortest) time is obtained when Dijkstra or A* alogrithm
are used. In the second case there is a need to know the coordinates
of each point in the grid (node). This fact is requires due to the
definition of this algorithm. So if we don’t know precisely the
coordinates of destination point, it would be better to use Dijkstra
algorithm, even if the computational complexity requires more
calculations.
Anyway, there are two important factors. First of all there is no
place for methods that can give no result. This facts excludes SACO
algorithm (of course artificial intelligence gives a lot of different
interesting methods). The second factor is execution time.
Each navigator has to make right decision in real time operations
on the sea. Long data processing can make the decision support
system completely useless. So there is a need to find not only a good
solution (with as low as possible error), but also a fast one
(corresponding to navigation problems).

5. Conclusion
Although there are some proposals of solving the problem of
navigation in restricted area, there is still a need to do further
research. The safety on the sea requires a lot of work.
Every area has some specific restrictions which cause the
navigation problems.
The aim of this paper was to present the problem of navigation
in restricted area. A proposal of the methodology is described. First
of all there is a need to generate a grid using navigational electronic
chart. Authors proposed the use of trapezoidal grids which leads to
create the graph of all possible paths. Three approaches (A, B and their
combination) were investigated. After obtaining the graph, some
methods of the shortest path search were used. The investigations
lead to the following conclusions:
tthe shortest execution time will be using the method A and
A* algorithm,
tthe best quality of the solution is the combination of methods
A and B and A* algorithm (according to navigation),
tthe use of A* algorithm is possible only in the situation when
all the coordinates of each point of the grid is given [3],
tif there is a lack of coordinates, it would be better to use
Dijkstra algorithm [3],
tin A* algorithm if the situation changes dynamically there is
a need to repeat all the calculations. Data processing can’t be
stoped without any consequences [3].

Four steps above seem to be a natural way of processing to solve
the problem of navigation in restricted area.
Obtained results seem to be very promising in further research.
This fact justifies the goal of investigations which is to conduct safely
a ship from the point of departure to destination in restricted area.
This article treats only about the static situations, so there is
a need to further research, having regard to dynamic ones (e.g.
moving objects, weather conditions etc.).

Bibliography
[1] DIJKSTRA E. W.: (1959) “A note on two problems in
connexion with graphs”. Numerische Mathematik1: 269–271
[2] DORIGO M., STUTZLE T.: Ant Colony Optimi-zation, The
MIT Press 2004
[3] DRAMSKI M.: Shortest path problem in static navigational
situations, 18th International Multi-Conference ACS 2012,
Międzyzdroje, Poland
[4] van KREVELD M., de BERGH M., OVERMARS M.,
SCHWARZKOPF O.: Computational geometry – algorithms
and applications, Warsaw 2007, WNT (in Polish)
[5] MĄKA M., MAGAJ J.: Data extraction from an electronic
S-57 standard chart for navigational decision systems, VII
International Conference ExploShip 2012 (in English)
[6] MĄKA M.: The recurent algorithm for area discretization using
the trapezoidal mesh method, VII International Conference
ExploShip 2012 (in English)
[7] ŚMIERZCHALSKI R., MICHALEWICZ Z.: Modeling of
ship trajectory in colision situations by an evolutionary
algorithm, IEEE Transactions on Evolutionary Computation,
Vol. 4, pp. 227-241

All the steps described in the article can be ordered as follows:
tdata extracting from digital S-57 standard chart [5],
tcreating a grid using trapezoidal meshes with the use of
method A or B depending the considered restricted area,
tcreating an adjacent matrix which is the representation of
the graph containing all the possible paths in the route,
tcreating a route using one of the shortest path search algorithms.
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ABSTRACT
At rest, the transport is a factor that significantly affects the life of the city and limits its further development.
The expansion of the motorization brings the need to solve the static transport. The number of cars is still rising
and the car is parked 90% of its lifecycle time. Motorization is evolving faster than urban centres that just missed
the trend for such a short time to respond. Nowadays, the quality requirements are still growing and therefore
facilities and mechanisms, which operate in these transport systems, should be improved. The telematic systems
in this area are mainly applied in parking guidance systems with connection to the Control Centre, systems of
parking automats and their connection to the Control Centre, information systems in parking garages and also
to the technological equipment in the car parks. There is a need to be aware of the affecting practically all the
people who live in the city territory with the parking and solutions of the parking systems are highly critical
monitored and evaluated by the public. Automated parking systems are solutions, which offer effective solutions
in congested urban areas and the historic city centre. Parking places, which are using automated parking systems,
cover approximately a half of the volume compared to conventional parking houses. From an operational point
of view, they are less difficult for maintaining, offering the comfort of parking for each car, fully using the parking
capacity and providing a high security. In our paper, we would like to describe a possibility of intelligent static
transport solution in the cities especially that provided to automated parking systems, which have a high priority
in congested cities.
KEYWORDS: Parking policy, Individual traffic regulation, Electronic payments.

1. Introduction
The long-term sustainable mobility is an adequate degree of
balance that guarantees quantity and quality services at sufficient
level that should be kept in the future if surrounding conditions
are unchanged. The main elements of mobility that can be
affected include: parking, urban transport, road infrastructure
and land use.
The main causes of critical traffic situation are:
tEnormous/uncontrolled increase of motor road transport
tUnsystematic approach to solving traffic problems in towns
tLack of basic instruments for solving urban mobility that are
responsible for the careful urban planning and for sufficiently

8

detailed traffic-engineering part that deals with transport
relationships and their satisfying
tInsufficient legislation that does not allow to design and to use
the necessary regulatory measures in the motor road transport
tInconsistency and benevolence of checking of applied regulatory
measures
tInsufficiently staffed and equipped departments of public and
state administration that control and decide things related to
transportation
tInsufficient number of experts and insufficient scientificresearch base across the transport sector

Despite the introduction of management measures there is
generally expected increasing individual transport in a few
following decades. The main reason is an increasing demand
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for access into inner-city areas by consumers and visitors. Trend
related to strategies of urban mobility is recently focused on
limiting of car access to town centre. Achievement the objective
largely depends on increasing urban transport capacity
and on offering services of higher quality. General access
opportunities to town centres must be increased by all means
in favour of economic prosperity. Parking policy must also take
into account the need for overall balance between all modes.
During the last decade in the development of our society,
focused on transportation, there were manifestly exceeded all
valid and expected trends. Enormous increase in individual
traffic, increasing number of road accidents attended by its
increasing severity and health damage of road users, significant
air pollution caused by road traffic, increase congestion in
urban areas, collapse of rail transport, a decrease of public
transport performance, all is side-effect of transformation
of the society. The costs of road-network maintenance and
reconstruction in rural and urban area have been growing
enormously. Slovakia will not avoid expansion of road transport
and demand for private usage of vehicles as well as growth
transport performance on the road-network. Therefore Slovakia
can manage the growth of individual transport only by the
consistent implementation of telematic applications [3].

2. Parking Policy Contributes to
Solving of Urban Transport
Problems
Solution to the question – how to ensure in towns both good
access roads of necessary quantity and maintain acceptable
urban environment – is the sustainable development of transport
policy, which includes integrated parking policy along with wellequipped and efficient public transport system. Having a direct
impact on traffic motion and on the level of traffic volume in the
inner-city areas, the parking policy plays a key role [2].
Traffic measures, such as public transport preference and
closure of the city centres to vehicles, will be successful only if: the
park areas that should meet the requirements of connection to the
pedestrian zones or to limited access zones is built; there are the
access permissions for company cars to the stores for commercial
or operational reasons; and also, if there are alternative forms of
entry of sufficient quality and quantity.
Parking policy is a compromise among freedom of movement,
accessibility and quality of life. Parking is not an autotelic action;
it is always derived from some other need. For that reason parking
should be included in every urban policy, which deals with
mobility and accessibility. Parking and parking management are
the essential part of public mobility. They represent services that
are necessarily involved in ensuring of public transport.
But the balance among parking availability, traffic flow and
quality of life is different in various towns. It is because of different
conditions that influence the choice of the best solution.

7PMVNFr*TTVFr/PWFNCFS

From this point of view parking is a result of the services and
therefore must meet the requirements of various drivers including:
buyers (recreational and/or active), visitors/tourists, residents, etc.
There are several parking solutions meeting the needs: street
parking, off-street parking, multi-storey car parks, and underground
car parks [4].

2.1. Parking Management
Solving management mobility, the local government officials
have to establish the policy proposed to urban centre and the means
of achieving the objectives. It depends on historical development
of urban structures and on the road system, which is often in
conflict with the actual needs of the modern world. Optimal use of
existing road can lead to need for replacing street parking with offstreet parking, for reducing the access to pedestrians and cyclists
or the access permissions to motor cars.
Parking at different locations corresponds at least to a 2/3 of
annual operation of the car. Effective parking management can
reduce overload of the roads in town centres and, as a result, negative
externalities (noise, accidents, air pollutants, congestions...)
Driver´s finding a free parking space on the street is common
cause of unnecessary traffic in the city centre, which increases
overload of the roads. Motor car drivers, who try to find parking lot,
will keep traffic overloaded as long as street parking is unregulated,
without charge or too cheap. The right parking taxes on the streets,
that are market designed to provide a certain number of parking
lots (or to have about 85% occupancy), eliminate the problem
without significant impact on the number of parked cars.
Removal of unpaid or unregulated street parking and subsequent
replacement of street parking with off-street parking reduces
“Search” traffic and allows returning space to pedestrians or to
non-motor traffic. In this way it can solve the growing of public
transport as well.
General criteria for street parking could be:
tReservation of street parking for a limited time only for “active
buyers” or customers, who use the parking lots for their needs
only for a short time (e.g. max. 30 min.).
tThe introduction of higher parking taxes for street parking in
comparison with taxes for off-street parking
tEncouraging local residents to park their cars in off-street
parking lots
tTo locate parking facilities for disabled people
tTo disable physically the illegal parking (where is possible)
tStrictly enforce street parking regulations
Provision of parking place itself is not sufficient. Parking lots
must be managed on professional level, or controlled parking
won´t help overall urban mobility. The parking management is
combination of several aspects. Each of these aspects is important
from the point of view of ensuring parking of good quality and of
improving of traffic in centres.
The need for high quality multi-storey car parks, underground
car parks and other parking lots is taken for granted. However
cheap or well-located parking lots of a low quality will never be
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attractive enough to drivers of motor vehicles. Therefore ensuring
the quality parking is a key to improve life in the town.
First of all, demand for parking lot is determined by destination
of the drivers of vehicles: urban shopping centres, commercial and
administrative premises, leisure centres, traffic irregularity, etc.
Fees for parking influence a choice of traffic user and the length of
parking. The choice is influenced by destination and relationship
between supply and demand for parking. Restricted access vehicle
can afford only towns with high quality secured centres and good
alternative access forms.
The off-street parking can be provided in the form of aboveground
and underground parking. It does not matter whether the parking
place will be used as public parking or as a special-purpose parking,
attention should be paid to application of economic principles. The
economic return on supply of parking is conditioned by “type” of
a particular demand for parking.
If the parking lot weren´t able to operate from economical
point of view, it wouldn´t be necessary abolished. Insufficient
economic operability can be direct consequence of local policy,
such as parking taxes. When fees grow, or even when parking lot
is intended to be abolished, there are some ways such as support
in the form of free public spaces, low-interest credits or grants.
Evidence indicates that drivers of motor vehicles are willing to pay
adequate parking fees if there are quality services and if they can
park their cars near the destination. Present technology of parking
system allows differential rates systems which can satisfy various
demands of customers and commercial activities.
Off-street parking can be less harmful to the environment and
compatible from the point of view of the town, since it contributes
to urban renewal programs.
Because of management of parking and traffic flow, efficient
transport as well as policy of regulatory of areas reserved for
parking requires constant control and enforcement of relevant
laws and other regulations. The primary objective is to ensure to
be held in accordance with relevant regulations and thus with the
traffic management policy as well, and not because of income for
the town [1].

2.1. Parking Guidance System
Guidance system to park and ride system is one of the subsystems
of parking management. Its integration into superordinate control
system allows monitoring of parking lots and then creating measures
in traffic management. Parking guidance system can be divided
according to used vertical traffic signs and possibilities of variable
traffic information into:
tStatic guidance of vehicles. It means guidance by unchanging
vertical road signs. In principle there are used combinations
of information signs D11a “Parking lot” and supplementary
traffic sign, where are information as: name, distance and
direction to the nearest parking lot, or there can be information
about type of relation-connected public transport and travel
time to the town centre. The disadvantage of static system
is impossibility to adapt to sudden changes in capacity of
parking lot (filled the parking lot). In that case system will not
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be able to react and there will be no changes in direction of
the route of other drivers on a free parking lot.
tDynamic guidance of vehicles – is a part of the transporttelematic system and uses traffic variable message signs
and unchanging signs. Thanks to them driver gets important
operational information about nearest parking lots, their
occupancy, distance to them and the system recommends,
for example, optimal route to the nearest parking lot with
free space.
Generally the system has to meet following requirements.
The system should provide always relevant, exact and complete
information about places, free capacity and optimal route to the
nearest parking lots not only on slip road, but also for example
on important junctions. The guidance system to free parking lot
should remain working even when there were crowded one or
more parking lots. The traffic light control should respond to the
occupancy of the parking lots in the affected area, so that the way
to the occupied parking lot won´t be overcrowded. The proposed
system has to be clear and integrated in the whole area, and must
be open for further development. The information system must be
designed in accordance to the current legislation. The role of the
guidance system is to inform drivers about nearest vacant parking
spaces with necessary operational information and to suggest an
optimal way to recommended destination. The guidance systems
are used not only in P+R parking systems, guarded parking lots,
but also in multi storey car parks. Local systems of parking lots
need to ensure monitoring the number of entering and outgoing
cars, so that the movement of the vehicles in the parking lot can be
described and the occupancy of the parking lot can be determined
(it can be ensured via detectors that count the number of entering
and outgoing vehicles, or via sensors that enable monitoring of
the vehicle movements). The information must be transferred to
the control system that makes data processing and calculates the
number of the vacant parking places. There are traffic variable
message signs along the communication that give information
about current status of parking lots. The traffic variable message
signs are controlled from the control centre or only from
the parking lot. The local system makes data collection from
individual parking lots, their evaluation, and controls displaying
on the traffic variable message signs. Data transmission among the
parking lot, the traffic variable message signs and control system is
necessary to convey via permanent connection to ensure current
information and reliability of the system. From the point view of
proper placement of the traffic signs it is necessary the drivers will
be inform about crowded parking lots in advance, so that they can
change their route smoothly and without redundant manoeuvres
(turning of the vehicles etc).

3. Conclusion
The telematic application of parking systems ensures monitoring
of parking lots in the whole town and optimal navigation vehicles
to the free capacity with the goal to reduce unnecessary running
kilometres. It supports the work of Park and Ride. The integrated
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approach from the point of view of safety is necessary as well (fire,
exhalation). The purpose of the parking systems is to facilitate
driver´s orientation and to guide him to parking lots. Properly
working system has an impact on reducing the traffic volume.
The system is appropriate to introduce because of the following
reasons:
tTo reduce the traffic volume on urban roads and to decrease
exhalation produced as a result of unnecessary driving while
finding free parking place.
tWhen guiding on P+R parking lot at the edge of town there is
reduction in number of car-trips leading to the centre (public
transport is used)
tVehicle guidance has also an impact on traffic safety on the
roads. If the driver is informed, he won´t make sudden
manoeuvres that result in increasing risk of road accidents, etc.
On the basis of experiences at Slovakia and abroad, I can say:
tParking policy is the instrument for regulation of the use of space
therefore it is inseparable part of municipal policy. Elaborating
and approval of the parking policy is the role of towns and
villages. The starting point for elaborating of parking policy is
knowledge of objective demand of the population and visitors,
but also knowledge of capacity and demand for operation of the
space
tParking activities in our towns are provided by various ways and
organizations. If there is lack of coordination of these activities
with other functions of the town, work of the regulation of
parking is endangered.
tCharging for parking is an important part of the regulation
of parking
tIf the conditions of parking weren’t respected, road traffic
safety would decrease, there would be often unable to service
the area, especially in emergency situations.
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ABSTRACT
Not only the opinions of experts point to the increasing number of cars in central areas of cities, but this fact is
also perceived by the city residents themselves. They experience it every day when they move around the city.
Congestion at the junctions and sometimes a total collapse of traffic cause substantial problems for urban public
transport vehicles. It is not uncommon for an urban public transport vehicle to stand in a slowly moving queue of
vehicles, transporting mostly two or three passengers. An urban public vehicle can transport several times more
passengers and in this fact it is much more favourable for the city area. Delays of urban public transport vehicles
deteriorate the quality of public transport, which is very important for the passengers.
The article deals with the different ways of public transport priority which could be broadly categorised asphysical measures, traffic signal priorities, and integrated measures. These measures are used according to the
need and the feasibility to provide them and can include with-flow lanes, contraflow bus lanes, bus only streets,
priority at traffic signals and integrated measures such as queue-relocation and virtual bus lanes.
KEYWORDS: bus lanes, priority measures, signal controlled junction

1. Introduction
One of the main aims of all larger cities is address the important
issues of traffic congestion and environmental pollution, both of
which are serious and growing problems. A key part are measures
to encourage provision of more sustainable, environmentally
friendly, forms of transport, including the development of more
attractive public transport services. Buses already play an essential
role in the transport systems of our urban areas and, in most cases,
will remain the main means by which improved public transport
services will be provided.
Bus priority is needed because there is too much traffic on the
network and too little capacity for it all to flow freely. Giving buses
priority over cars recognises the bus’s greater efficiency in the use
of road space. Emphasis is placed on maximising the throughput
of people, rather than the number of vehicles.
Bus priority contributes to:
tEnsuring that buses run to time;
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tReducing scheduled running times, to help make buses more
competitive with cars;
tImproving reliability, e.g., consistency of journey times;
tAvoiding circuitous routing in traffic management systems;
tMaintaining good bus access, e.g., to town centres, and
tIncreasing the bus’s modal share of the travel market.
Bus priority is most successful if it is adopted along complete
route corridors and accompanied by high vehicle and operational
standards (e.g., low emission, low floor buses and drivers specially
trained in customer care) and high profile marketing.

2. Physical measures of urban
public transport priority
The most common form of bus priority is to give buses
exclusive or priority access to a section of road.
Features include:
tWith-flow lanes,
© Copyright by PSTT , All rights reserved. 2012
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tContra-flow lanes,
tBus gate,
tBus way.

2.1. Whit-flow bus lanes
With-flow bus lanes are the most common form of bus priority.
With-flow bus lanes are reserved traffic lanes, usually on the nearside
(Fig. 1), for the use of buses and may accommodate bicycles.
A with-flow bus lane enables buses to bypass traffic queues, usually
approaching traffic signals. This will produce substantial time savings
to buses and their passengers.
Fig. 2. Contra-flow bus lane [1]

2.3 Bus gate and bus only street

Fig. 1. With-flow bus line [1]

2.2 Contra-flow bus lanes
A contra-flow bus lane is a lane where buses are allowed to travel
against the main direction of traffic flow (Fig. 2). This enables buses
to avoid unnecessary diversions, to maintain route patterns when
new one-way streets are introduced, and to gain better access to
business and shopping areas. These contra-flow bus lanes are usually
introduced in area-wide one-way traffic systems, where the effect is
to create a two-way road with ‘buses only’ allowed in one direction,
and all other vehicles including buses, in the other.
Contraflow bus lanes should be at least 3 metres wide and
separated from the rest of the carriageway either by a solid white
line, or else physically separated by a continuous upstand or series
of long islands. Although physical separation helps to keep the
bus lane clear of other traffic, segregated lanes are costly to install,
and by confining buses to a precise track can cause tracking of
the road surface. Complete segregation also prevents buses from
overtaking cyclists, a broken down vehicle or other obstruction,
and may create a safety hazard by preventing the bus driver from
steering to avoid a pedestrian. For these reasons, separation by
white line supplemented by occasional traffic islands and/or solid
white lines with hatching between them will usually be preferable
to full physical separation.
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Short lengths of bus only street are sometimes referred to as
“bus gates”. Short, standard width, sections of road protected only
by signs is commonly used, violation rates are often high at such
installations, especially away from central areas. Narrowing the road
to the width of one vehicle in the bus gate itself, using a different
colour for the road surface in this section, and/or installing traffic
calming features such as speed cushions or road-side furniture
can often improve the compliance rate. Where more elaborate
carriageway constructions designed to deter smaller vehicles from
passing through the bus gate are proposed, the highway authority
should ensure that suitable powers are available to introduce such
measures. They should also be aware that such a construction may
make it impossible for some emergency vehicles to pass. Local
authorities should also be satisfied that adequate alternative routes
are available before introducing such measures. Bus gates and
entries to longer lengths of bus only street which are wide enough
to accommodate only one vehicle at a time should not exceed 30
metres in length.

Fig. 3. Diagram track-time [7]

A bus only street is a section of road for the use of buses only.
It may be a section of road enabling the bus to take a more direct
route, for example between a main access road and a residential
estate, or it may be a “pedestrianised” street in a town centre where
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buses are exempt from a prohibition on all, or some types of,
vehicles.
Such streets enable buses to:
tmaintain route patterns in areas where traffic flow patterns
have been changed, long detours which add to bus operating
costs can be avoided whilst preventing unwanted short cuts
by other traffic;
tgain close access to business and shopping areas at times when
it is denied to other vehicles, such arrangements help to make
bus services more attractive by providing convenient access
for bus passengers, including elderly people and those with
mobility handicaps.

of vehicles. We can tell the junctions with traffic lights which are
included in the coordination cause the greatest loss of time (delay)
of municipal transport. Delays caused by traffic lights reach values
at intervals 10-30% of the total delay. By reducing these delays is
reduced not only driving time but also is increased speed. It can even
reduce the number of vehicles for the same intervals of timetable.

2.4 Busways
Busways are substantial corridors or networks of bus-only
sections of road constructed specifically for the exclusive use of
buses (Fig. 4). Busways are designed to segregate buses from general
traffic that protect them from congestion. For reasons of economy
and land requirement, automatically guided or tracked busways
may be preferred over busways relying on manual steering. Finally,
some links/roads may be reserved for the exclusive use of buses and
other priority vehicles.

Fig. 5. Diagram track-time [4]

Passive systems apply to those where signal timings are weighted,
or re-optimised, to take account of streams of traffic containing
significant bus flows. This is a straightforward form of priority
at traffic signals which gives more green time to the approach
having higher bus flow than it would have done otherwise. The
other approaches then share the remaining part of the cycle time.
Even though no infrastructure is required for such systems, it is
believed that these facilities are not widely used as the perceived
benefits are modest at best.
In active priority, bus priority is given by making the traffic
signal responsive to the arrival of each bus detected on the
approach. Most of the development work has been related to such
active systems, which is technologically advance and is efficient in
giving priority to particular group of buses. Buses can be given
active priority implementing different strategies depending on
the policy objectives and the availability of the infrastructure to
support the implementation.

Fig. 4. Busway [8]

3. Traffic signal priorities
Urban public transport priority by light signalling means
a possibility of a preferred option and extension of the green signal
for a vehicle which come to a junction. It is desirable so that the
vehicle can cross signal controlled junction as far as possible without
stopping or at least with minimum delay. Character of movement of
municipal transport vehicles is significantly different as movement
of others vehicles. It is caused by stopping buses at bus stops between
junctions and by embarking and disembarking passengers. It means
that the speed of municipal transport vehicles is lower than the
speed of passenger vehicles. Figure 5 shows a diagram track-time
for the movement of municipal transport vehicles and for groups
of other vehicles. The lower speed of municipal transport cause that
municipal transport vehicles cannot be included in the calculation
of coordination which be counted for relative compact clumps
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Fig. 6. The scheme of active detection via a radio communication [4]

Figure 6 shows the active detection scheme which is ensured
by radio communications through the computer of the vehicle and
controller of signal light equipment. A vehicle by using onboard
computer evaluates the signal from the infrared beacon and thus
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determines the location of the vehicle. Subsequently, the vehicle
computer sends to controller information which contains the
necessary data on the line, direction, distance and direction of
the vehicle before junction. Controller will evaluate the submitted
information and sets corresponding to the sequence of phases for
arriving vehicle.
One of the preference possibilities is a central system preference
based on satellite navigation where isn’t needed building any other
infrastructure at the level of traffic node. In this case is necessary
to provide functional communication infrastructure based on radio
transmissions. The system works by using satellite navigation unit
which must be installed in the vehicle, communication unit, the
control computer and control console for the driver. The digital
tachograph is used for more accurate measurement data to a
preference. Driver before the journey enters basic information
about the line which will be transferred to the center. Then the
screen displays information about whether the vehicle drives
according timetable. Virtual points are following the route of the
vehicle from which the vehicle transmits its location to the center
and it is then transmitted from the center to the controller. They
serve as information to modify the signaling there. To ensure the
proper transmission position of the reference point is activated
signal approximately 5 km from this point which is based on the
measurements of satellite GPS. This signal serves to prepare all the
necessary data to transfer. After determining the position of the
vehicle a signal is sending to the receiver which issues command
to control part of light signal and the green signal light is light up
before the arriving of the vehicle at a junction.

4. Integrated measures of urban
public transport priority
Integrated measures combine both physical and signal measures
(e.g. with-flow bus lanes with the signalling measures). Queue
relocation and pre-signals techniques are some the examples of
integrated measures utilising physical as well as signal measures to
give preferential treatment to buses.

4.1 Queue relocation
Queue relocation (also known as traffic metering) is one such
measure in which the flow of traffic is controlled at upstream
junctions by adjusting signal timings to reduce capacity, so that
this junction becomes more critical than the one downstream. The
downstream junction is the main junction whereas the upstream
junction is the metered junction. Along with this, the bus lane
running up to the upstream stop line enables buses to by-pass the
relocated traffic queue.
The theory behind simple queue relocation can be easily
understood from Figure 6. In the “before” scenario, queuing traffic
builds at the approach to a signalised junction. Given upto- date
information on the performance of the junction, it is relatively easy
to predict the amount of traffic that will pass through the junction
during a green signal. This traffic is represented as the green bar.
The red bar represents the excess queue that will not discharge
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through the junction in that cycle of the signals. An ideal situation
would be to relocate all the excess queuing traffic, in such a position
in the road network that public transport can pass it and thus be
given an advantage. This is shown as the “after” scenario.

Fig. 7. Queue relocation [7]

4.2 Pre-signals techniques
Pre-signals can be used at a junction to create a bus advance
area and in a link to create virtual bus lane. At a signalised junction,
a pre-signal can be used to create bus advance area that enables
buses to by-pass queues of general traffic (held by pre-signal) and
to undertake manoeuvres to make turns ahead of other traffic. In
a congested link with insufficient width to provide a physical bus
lane, a pre-signal can be used to hold general traffic upstream of
this narrow section. This allows buses on the bus lane to bypass
the queue and rejoin the main traffic stream ahead of other traffic.

5. Conclusion
Providing of public transport vehicles preference requires
constant monitoring of transport development on individual
junctions and consequently changes in the organization of traffic
on them. All junctions differ from each other, whether it’s the
location in the city, number of vehicles which cross through them,
or the scope of preference which is necessary ensure and so on.
Therefore it is necessary to consider each junction specifically and
also to adjust the possibilities of preferences and technology that
it ensure. In designing the technology we have to consider options
of junction for example location and correct choice of detector
and controller at the junction, so that is ensured the transfer of
information to the controller and subsequently reliable meet the
requirements of public transport vehicles.
The positive impacts of preference of urban public transport
aren’t only beneficial for passengers if is increased the speed and
the reliability of transport. But also for carriers if is reduced the
consumption, wear of vehicles, smooth observance of the social
legislation and so on.

15

POSSIBILITIES OF ENSURING URBAN PUBLIC TRANSPORT PRIORITY

Bibliography
[1] Bus priority measures. [online]. 2007. [cit. 2012-06-6].
Available on :< http://www.worcestershire.gov.uk/cms/pdf/
bus-priority-strategy-best-practice2. pdf. >.
[2] GARDNER K.: Review of Bus Priority at Traffic Signals around
the World. [online]. 2009. [cit. 2012-04-20]. Available on:<http://
www.trg.soton.ac.uk/research/bus/UITP_WORKING_
GROUP_Interaction_of_buses_signals_at_road_crossingsFIN AL _ REPORT_V2.0-April_2009.pdf. >.
[3] KALAŠOVÁ A. ČERNICKÝ L.: National system of traffic
information and benefits for road traffic safety. Doprava a spoje
[online] : internetový časopis. – 2011. – Č. 2 (2011), s. 3843. ISSN 1336-7676. Available on:< http://fpedas.uniza.sk/
doprava aspoje/2011/2/Kalasova.pdf>.
[4] KUPČULJAKOVÁ J.: Doprava a spoje [elektronický zdroj]:
internetový časopis. - ISSN 1336-7676. - 2011. - Č. 2 (2011),
s. 91-96. – Popis urobený 1.12.2011. Available on :<http://
fpedas. uniza.sk/dopravaaspoje/2011/2/Kupculjakova.pdf. >

16

[5] MILLER A.: Bus lanes/ Bus rapid transit systems on highways:
review of the Literature. [online]. [cit. 2012-06-10]. Available
on:<http://www. etcproc eedings.org/paper/queue-relocationbus-priority-using-scoot -gating. >.
[6] OAKES J.: and comp., Queue relocation and bus priority
using SCOOTgating. [online].. [cit. 2012-06-10]. Available
on:<http://www.etcproceedings.org/paper/queue-relocationbus-priority-using-scoot -gating. >.
[7] OSCAR FEBER TRANSPORTATION. Bus Priority. [online]. [cit.
2012-04-20]. Available on:<http://www.ciht.org.uk/download.
cfm/docid/EC9F07E3-6C0C-4EE4-8B260D6E041A69B3. >.
[8] TfL, Keeping busses moving. [online]. [cit. 2012-05-26].
Available on:<http://assets.dft.gov.uk/ publicati ons/localtransport-notes/ltn-1-97.pdf. >.

© Copyright by PSTT , All rights reserved. 2012

Archives of

Transport System
Telematics

Volume 5

K. OKARMA, P. MAZUREK

Issue 4
November 2012

Automatic estimation of the
brightness changes for background
suppression methods used for video
tracking of vehicles
K. OKARMAa, P. MAZUREKa
FACULTY OF MOTOR TRANSPORT, Higher School of Technology and Economics in Szczecin, Klonowica 14,
71-244 Szczecin, Poland
EMAIL: okarma@wste.szczecin.pl

a

ABSTRACT
One of the typical distortions in the background estimation methods is a change of lighting conditions, since
each such change inﬂuences on the luminance of pixels in the captured images, which may be classiﬁed as the
background. The global changes are relatively easy to compensate, but in practical applications the character of
most of such changes is rather local. These changes may be caused e.g. by clouds, moving large objects, street
lamps etc. Nevertheless, their inﬂuence on the results of the background estimation should be reduced therefore a
local adaptive correction algorithm, applied as the pre-processing step, is proposed in the paper, assuming known
geometrical conﬁguration of the observed road
KEYWORDS: background estimation, video tracking, image analysis

1. Introduction
Intelligent Transportation Systems (ITS) are crucial for the
improvement of traffic and road safety. An effective choice of
the measurement, controlling and executive subsystems allows
improving numerous traffic parameters. Nevertheless, even the
most “intelligent” algorithm or system requires the acquisition
of data being the input for the implemented procedures. Such
data can be acquired using various types of sensors [1]. In the
ITS solutions various sensors can be applied for measuring
various quantities, often depending on some speciﬁc requirements.
Probably the most typical are radar sensors, inductive loops,
and Weight-in-Motion (WIM) sensors.
One of the most rapidly developing technology applied in
the ITS solutions is the video analysis. The video based systems
allow conducting the analysis of the traffic state on the road
simultaneously for much larger area than using traditional point
sensors. Hence, the number of sensors mounted inside the road
may be reduced. The replacement of such built-in sensors may be
7PMVNFr*TTVFr/PWFNCFS

expensive and cause damages of the road surface. The estimated
sensors’ lifetime may be equal to several years considering various
factors e.g. fatigue and corrosion. In the case of the damage or failure
of a camera, its replacement is relatively easy without the necessity
of direct affecting the road infrastructure. Besides, the information
acquired by the cameras related to the situation on the roads are
easily interpreted by observing people. It can be important e.g. in
the case of an accident, traffic jam or some other atypical traffic
states.
The ITS video systems can be applied for the analysis of relatively
large area and their working range and possibilities depend mainly
on the applied algorithms. The hardware part of the system plays
an important role as well but in modern systems some of their
limitations are related mainly to the software. In such systems
the measurement properties of the sensor (camera) can be extended
by some modiﬁcations of the digital image processing and analysis
algorithms, especially related to the image recognition. Nevertheless,
a signiﬁcant disadvantage of such systems is their sensitivity to
weather and lighting conditions.
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AUTOMATIC ESTIMATION OF THE BRIGHTNESS CHANGES FOR BACKGROUND SUPPRESSION METHODS USED FOR
VIDEO TRACKING OF VEHICLES

The video based analysis of the traffic state is usually conducted
for the working range no longer than several meters from
the camera, which can be mounted on some pylons, gates or
buildings. The estimated parameters are associated with individual
vehicles. The analysis of some larger areas requires the camera to
be mounted at a greater height over the road. The side location
cameras can also be considered assuming the speciﬁed observation
angle. Both solutions are interesting but the choice depends on the
character of the observed road and its surroundings as well as the
speciﬁc requirements. The increase of the working range allows
better prediction of some situations for distant places (e.g. traffic
jams) considering the typical relations between the distance and
time. The estimation based on the images acquired from distant
cameras can be considered as related to the individual vehicles or
the approximation for the groups of them.
The output results of tracking systems based on the analysis of
image sequences are the motion trajectories of the vehicles. In order
to obtain them typically some pre-processing of acquired image data
should be conducted. These operations are usually related to the
correction of geometrical distortions as well as background estimation
for detection of the regions of interest (ROI) representing the moving
objects. Then, the detection and tracking can be performed.

2. Background estimation
The background estimation task [2, 3] is an essential element
of tracking since the suppression of background information
signiﬁcantly reduces the amount of data analysed in further
processing steps. The main purpose of background estimation
algorithm is related to the classiﬁcation of pixels as representing the
moving objects, which should be tracked or constant background.
The typical algorithms of background estimation are exponential
smoothing ﬁlter and median ﬁlter. The ﬁrst one utilises the fact that
different moving vehicles stimulate the same pixels in consecutive
video frames so the luminance values representing those objects
can be interpreted as noise. The output values are calculated using
information from numerous frames so the inﬂuence of this noise
is reduced together with the increase of the tuneable smoothing
coefficient. The median ﬁlter is based on the nonlinear ﬁltration
of the pixel’s values from several frames being a robust estimator
of the mean value. The output result can be considered as the
most typical value which usually represents the background,
especially if the moving objects are both darker and brighter than
the background. Median ﬁlters with low computational cost are
typically implemented using the pipeline approach so determining
of each output value does not require sorting from the beginning of
the data string. As considered in some earlier papers [4, 5] a hybrid
approach can also be successfully applied where the median ﬁlter is
used for the initialisation of the exponential smoothing algorithm.
The real image sequences acquired by cameras may contain two
types of changes. The rapid, spatially limited changes are related to
the moving objects whereas some slower luminance modiﬁcations
with more global character result from changing lightning conditions
of the scene. The estimated background should follow these slow
changes of the whole background being resistant to the appearance
of moving vehicles.
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Reliable background estimation is not an easy task since
operations on a large number of images is required despite of
relatively low computational cost. Such algorithms typically require
high amount of memory necessary for proper work in some
speciﬁc scenarios, e.g. vehicles waiting at traffic lights even for
a few minutes, so appropriately long memory buffer should be used.
Too short period of buffered video frames may lead to the situation
of misclassiﬁcation of such waiting vehicles as the background.
Moreover, such vehicles may be lost by the tracking algorithms even
if the additional shape analysis [6] is used. It can be detected again
after starting to move but its shape may be still present as a part of
the background.

3. The influence of lighting
changes
A longer working period can lead to some problems caused
by lighting changes resulting e.g. from moving clouds, trees in the
wind or shadows. The inﬂuence of shadows during several minutes
can be easily observable in dense urban areas. Depending on the
conﬁguration of the road and surrounding objects e.g. buildings
the shadow changes may be faster or slower.
Changes of lighting conditions cause some local changes of pixels’
luminance in the current frame which can be properly interpreted by
the analysis of differences between the background and the current
image as representing the moving vehicle or a group of vehicles.

Fig.1. The illustration of the changing light conditions with marked
changed position of the shadow.

Changes of lighting conditions are relevant both for long and
short distances from the camera. For the closer part of the image
the pixels’ luminance changes caused by moving shadows are
more signiﬁcant since the relative speed of the shadow’s motion is
higher. The increase of the distance is related to the decrease of the
© Copyright by PSTT , All rights reserved. 2012
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number of pixels affected by such lighting changes. Nevertheless,
the distance from the camera is not the only element inﬂuencing
such changes since in fact they are dependent on the geometry of
the scene. As vehicles move not necessarily on the ﬂat roads, the
additional knowledge about slopes and height of the surrounding
objects may be utilised. The problem of lighting changes is illustrated
in figure 1. Considering the shadow as a moving object it can
also be tracked using similar methods as applied for tracking the
vehicles [7, 8] with some modiﬁcations necessary for handling the
slow changes also in background estimates.

Depending on the complexity of the trajectory two versions of
the TBD algorithms may be used – the non-recurrent and recurrent
one. The recurrent version has lower memory requirements and is
also faster from the computational point of view. The information
update formula present within the algorithm combines the input
data and predicted positions whereas the motion update formula
uses Markov matrix for the dispersion of probabilities (or likelihoods)
between the current and future time steps. The new data is obtained
from measurements and improve sharpness of the state space
(probabilities or likelihoods). Depending on the value of the weight
coefficient (α) the next prediction step may be based mainly on the
new information (α close to 0) or the previous prediction (α close
to 1). The basic algorithm can be described as [12]:
Initialisation:

P(k

0, s )

0

(1)

For k ≥ 1
Motion update:
(2)
Information update:

P(k , s)

D  P  (k , s)  1  D  X (k , s)

(3)

EndFor
Fig.2. Some exemplary video frames of the test sequence with
moving shadow.

4. The Track-Before-Detect
algorithms and their
application for the estimation
of brightness changes
One of the solutions which may be successfully applied for
vehicles’ tracking is the application of the Track-Before-Detect
algorithms [9, 10]. In general, the traditional tracking algorithms
are based on the detection, tracking and assignment. The ﬁrst
part of these algorithms is the object’s detection which should be
conducted before the tracking and assignment, which reduce the
inﬂuence of false detections or missed objects. Such approach leads
to good results assuming high Signal-to-Noise Ratio (SNR) but in
the presence of strong noise with low SNR values such algorithms
usually fail. It is caused mainly by the sensitivity of the detection to
noise which can result from the weather and light conditions, size
of an object, object’s variability, a long distance from the camera,
or some imperfections of the background suppression.
In such conditions the Track-Before-Detect (TBD) approach
[10–12] can be applied where all possible trajectories are tested
at ﬁrst. Then, if the cumulative object signal is high enough, the
detection of the object is possible. A relevant feature of the TBD
systems is also the accumulation of data over the multiple frames
and/or sensors reducing the noise level.
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where:
s – particular space,
k – number od iteration,
X – input data,
qk(sk|sk-1) – state transition (Markov matrix),
P— – predicted TBD output,
P – TBD output,
α – weighting (smoothing) coefficient, 0 ≤ α ≤ 1
In the proposed solution the TBD algorithm described above
can be applied for the estimation of light changes in the background
images obtained using some typical algorithms. In our experiments
the exponential smoothing algorithm has been used but the similar
approach may also be used e.g. for the median algorithm of
background estimation. The consecutive frames of the test video
sequence are presented in figure 2. The results obtained during the
experiments are shown in figures 3 and 4 where the state space of
the TBD algorithm is presented. The detected border of the moving
shadow is clearly visible in the upper and right images of the figure
4 as the shadow moves in the upper-right direction. Such obtained
estimation of the light changes can also be successfully applied for
the extrapolation of the changes in background estimates obtained
for the next video frames.

5. Conclusion
The algorithm proposed in this paper can be an effective
solution increasing the robustness of the video based ITS systems
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on the changing lighting conditions, especially considering the
background estimation and suppression algorithms.
The future research should concentrate on the extension of the
algorithm by using some extrapolation methods for the correction
of the background estimation results using the shadow motion
vectors obtained using the proposed method.

Fig.3. The state space in the Track-Before-Detect algorithm for the
20-th frame.

Fig.4. The state space in the Track-Before-Detect algorithm for the
40-th frame.
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ABSTRACT
A fundamental element of creating a common European market is the transport policy aiming at developing
infrastructure and transport corridors, also involving neighbouring non-EU member countries in this process. In
this article, some challenges in creating sustainable transport policy are discussed from a Polish (EU member) and
Ukrainian (non-EU member) perspective in the context of the importance of good governance and multilevel
governance. Theoretical arguments are provided that the lack of good governance is likely to lead to unsustainable
development of transport systems, which may be in particular the case for Ukraine, while a more sustainable
development of transport in Poland is supported by the EU policy.
KEYWORDS: transport policy, sustainable transport, European integration, good governance,
multilevel governance, Pan-European Transport Corridor III, Poland, Ukraine

1. Introduction
As Adam Smith [1] already argued more than two
centuries ago in his Wealth of Nations, the extent of the market
is determined by the development and efficiency of transport
systems. One definition of a transport system is “a collection
of objects (e.g., transport network and infrastructure, transport
investment, transport processes in all modes of transport) and
the relation between these objects as well as its attributes, using
transport policy for the co-ordination of transport systems
[2, p. 73].” In the co-ordination and development of transport
systems the co-operation between different levels of government
administration is required due to, e.g., its public good character,
the indivisibility of transport systems, interdependencies in
transport processes and problems of incomplete, dispersed and
asymmetric information on its environmental, social and economic
impact [3, 4, 5]. An important determinant of the sustainability
of transport policy is so-called good governance, emphasizing the
importance of public participation in policy making, transparency
7PMVNFr*TTVFr/PWFNCFS

(access to information), accountability and responsibility of policy
makers, policy coherence and effectiveness, political stability, rule
of law, etc. [6, 7]. This issue will be discussed in the framework of
multilevel governance, which in the context of transport systems
can be defined as “[a] system of continuous negotiation among
nested governance systems [8, p. 292]” of transport systems at
different territorial and administrative levels. The governance of
transport systems “are enmeshed in territorial overarching policy
networks [9, p. 5]” including a wide range of stakeholders at
different territorial and administrative levels being influenced by or
having different levels of salience in influencing the development
and functioning of transport systems [10].” It will be argued that
due to a lower level of good governance, transport systems are less
likely to develop in a sustainable way than in the case of Poland.
In the context of the importance of the Pan-European Transport
Corridor III, first sustainable transport and transport policy will
be discussed. Afterwards, Poland and Ukraine will be compared
regarding good governance and the sustainability of transport
systems.
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2. Sustainable Transport and
Transport Policy
Following different definitions of sustainable development
[11], sustainability of transport systems exists when access
required for improving ones quality of life is guaranteed for current
and future generations. Conditions for such sustainability are
lack of negative impact on human health and ecosystems as well
as permanent access to energy [12]. Thus, the development of
transport systems in the Polish-Ukrainian context does not only
concern the creation of, for example, the Pan-European Transport
Corridor III connecting Berlin/Dresden – Wrocław – Katowice –
Kraków – Rzeszów – L’viv – Kiev (see Table 1). A transport corridor
may be interpreted as a transport system including infrastructure
for different modes of transport, such as railroads, motorways,
waterways, logistic centers, but also energy distribution and
telecommunication networks [13, 14]. As a consequence, policy
for sustainable transport is closely related to energy policy and
environmental policy. Even when the general policy is developed
at higher levels of administration (EU, nation state), in accordance
with principles of multilevel and good governance, policy should
be developed in coherence with local development plans. Even
when local public administration is relatively efficient, real
power to determine its own development path in a sustainable
way depends on the efficiency and effectiveness of national
public administration [15, 16]. Neglect of the relation with local
sustainable development, more efficient transport corridors may
lead to increased economic development or large agglomerations,
while negative environmental, social and economic impacts for
rural areas may be easily neglected. Furthermore, the development
of one transport network should not be independent for other
transport networks. One reason is that the development of one
corridor has impacts on the use of other corridors. Furthermore,
when aiming at strengthening integration of Ukraine with the EU
via development of transport systems, the connection with Belarus,
Russia and China via other corridors (e.g., Pan-European
Transport Corridor II connecting Berlin – Warsaw – Minsk –
Moscow – Nizny Novgorod) should not be neglected [17].
Without such development, access to energy and other resources
may be hampered for the EU, in particular in the context of global
economic and political changes which are taking place through the
strong development of countries with large populations such as
China and India.
The Pan-European Transport Corridors should lead to more
efficient use of different modes of transport, and stimulate the
application of, e.g., Information and Communication technology
and integrated multi-modal transport technologies, leading to
reduced pressure on the environment. Rail transport should be
used for bulk cargo transport over large distances, while improved
access to markets should lead to economic development [19, 20].
However, as the development of rail infrastructure, infrastructure
for multimodal transport, logistic centers and investment in
modern rail vehicles remain behind due to a lack of government
policy and slow restructuring of the railroad market [21], it may
be expected that road traffic increases faster than rail traffic. This
is confirmed by predictions of PKP Cargo (the Polish rail cargo

22

shipper). As the data presented in Tables 2-5 show, it is expected
that road cargo as well as rail cargo transport will increase in the
next two decades. While railroad cargo transport is expected to
increase by less than 20% between 2015 and 2030, for road cargo
transport the number is about 80%. This is likely to pose serious
challenges to environmental sustainability in the Pan-European
Transport Corridor III. However, it should be emphasized that the
estimates depend heavily on the level of economic growth. A change
in growth rates may lead to an even stronger change in demand for
transport services. Furthermore, rail cargo depends strongly on
bulk cargo such as coal, construction materials, etc. For example, a
decrease in coal use due to increased reliance on renewable energy
resources will significantly influence the estimates. Thus, while the
data have to be interpreted with care, there is a clear tendency for
road cargo transport to increase faster than rail cargo transport.
Without proper policy, this tendency is unlikely to be changed.
Effective policy for sustainable development of transport systems
is even more unlikely in the case of lack of good governance.
Table 1. Pan-European Transport Corridors going through Poland
and Ukraine [18]
Corridor
I

II
III
V

VI
IX

Road and rail links
Helsinki – Tallinn – Riga – Kaunas – Warsaw: a) Road Corridor
(Via Baltica) Tallinn – Riga – Warsaw; b) Rail Corridor (Rail
Baltica) Tallinn – Riga – Warsaw; c) Branch (road/rail) from
Riga – Kaliningrad – Gdansk
Berlin – Warsaw – Minsk – Moscow – Nizhny Novgorod
Dresden – Wroclaw – L’viv – Kiev
Venice – Trieste – Koper – Ljubljana – Budapest – Uzgorod –
L’viv. Branch a: Bratislava – Kosice – (Uzhgorod) – L’viv. Branch
b: (road): Rijeka – Zagreb – Cakovec. Branch b: (railway):
Rijeka – Zagreb – Koprivnica – Dombovar. Branch c: Ploce –
Mostar – Sarajevo – Osijek – Budapest
Gdansk – Grudziadz/Warsaw – Katowice – Zilina. Branch to
Brno
Helsinki – St. Petersburg – Pskov/Moscow – Kiev – Ljubasevka
– Chisinau – Bucarest – Dimitrovgrad –Alexandroupolis

Table 2. Forecast of load in tons for chosen road sections in the
Pan-European Transport Corridor III until 2030 [22]
Section

Year

Maximum flow
per day (in tons)

Minimum flow per
day (in tons)

Jędrzychowice Wrocław

2015
2020
2025
2030

117,659
149,407
183,867
218,378

66,448
84,697
104,513
124,360

WrocławKatowice

2015
2020
2025
2030

167,131
208,772
253,881
299,021

86,667
109,320
133,890
158,488

KatowiceDębica

2015
2020
2025
2030

93,922
117,671
143,777
169,910

62,147
78,000
95,183
112,383

DębicaKorczowa

2015
2020
2025
2030

46,031
57,659
70,259
82,870

10,846
13,730
16,859
19,992
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Table 3. Forecast of annual load in tons for chosen road sections in
the Pan-European Transport Corridor [22]
Section

Year

Average flow per year
(in tons)

JędrzychowiceWrocław

2015
2020
2025
2030

31,723,245
40,231,760
49,465,895
58,712,805

Wrocław- Katowice

2015
2020
2025
2030

43,435,365
54,678,095
66,869,095
79,073,235

Katowice- Dębica

2015
2020
2025
2030

27,935,275
34,994,010
42,644,045
50,301,015

Dębica-Korczowa

2015
2020
2025
2030

10,636,830
13,287,825
16,159,280
19,032,560

Table 4. Forecast of load in tons for chosen railway sections in the
Pan-European Transport Corridor III until 2030 [22]
Section

Year

Maximum flow per
day (in tons)

Minimum flow per
day (in tons)

Bielawa Dolna
/ WęgliniecWrocław

2015
2020
2025
2030

24,738
26,198
27,539
28,802

4,954
5,247
5,515
5,768

WrocławGliwice

2015
2020
2025
2030

61,606
65,242
68,582
71,726

19,663
20,824
21,890
22,893

GliwiceKraków

2015
2020
2025
2030

68,582
72,629
76,348
79,848

36,834
39,008
41,005
42,885

KrakówRzeszów

2015
2020
2025
2030

43,886
46,476
48,856
51,095

23,331
24,707
25,972
27,163

RzeszówMedyka

2015
2020
2025
2030

18,362
19,446
20,441
21,379

1,923
2,036
2,141
2,239
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Table 5. Forecast of annual load in tons for chosen railway sections
in the Pan-European Transport Corridor III [22]
Section

Year

Average flow per year
(in tons)

Bielawa Dolna /
Węgliniec- Wrocław

2015
2020
2025
2030

5,694,000
6,030,165
6,338,955
6,629,495

Wrocław-Gliwice

2015
2020
2025
2030

15,172,320
16,067,665
16,890,375
17,664,905

Gliwice-Kraków

2015
2020
2025
2030

17,952,160
19,011,390
19,984,845
20,900,995

Kraków-Rzeszów

2015
2020
2025
2030

11,967,255
12,673,165
13,322,135
13,932,780

Rzeszów-Medyka

2015
2020
2025
2030

4,283,275
4,536,220
4,768,360
4,986,995

3. Good governance and the
sustainability of transport
systems – Poland and Ukraine
compared
While sustainable development of transport systems should take
economic, social and environmental aspects into consideration, in
reality economic issues are likely to receive priority. First of all,
when economic activity and related transport flows increase, the
economic benefits are directly measurable, and lead to an increase
in the revenues for companies involved and in turn to increased
tax revenues. As a consequence, it can be expected that economic
interests are high on the developmental agenda of transport
systems [23]. As power is determined by the possession of
economic resources, military and political strength [24], it may be
expected that particular economic interests are stronger in Ukraine
as a consequence of the strong connection between economic and
political power. While in Poland after the fall of communism the
elites from the communist party lost much political power, in
Ukraine (like in other former Soviet republics) they remained
politically powerful while obtaining large wealth in the process of
privatization [25, 26]. This also has had important consequences
for the development of democracy, freedom of press, development
of the court system, protection of civil rights, etc.
A problem with the environmental impact of the development of
transport systems is that these effects are often difficult to measure,
indirect and long-term [27]. While environmental deterioration
may threaten the sustainability of any type of development, they tend
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to receive lower priority than employment and income providing
people with direct utility [28]. Unemployed people may vote in
elections, while environmental interests need indirect representation.
When environmental issues are not discussed in the press and
democracy is functioning poorly, they are unlikely to be important
in policy for transport system development.

,QGLFDWRUV RI JRRG JRYHUQDQFH DV SUHVHQWHG LQ 7DEOH 
SURYLGH LQIRUPDWLRQ RQ WKH FDSDFLW\ RI D FRXQWU\ WR GHYHORS
HI¿FLHQWSROLF\QRWLQÀXHQFHGE\SDUWLFXODULQWHUHVWV,WVKRXOG
EH HPSKDVL]HG WKDW DV LV QRWHG E\ WKH:RUOG %DQN >@ ³>W@
KH JRYHUQDQFH LQGLFDWRUV SUHVHQWHG KHUH DJJUHJDWH WKH YLHZV
RQ WKH TXDOLW\ RI JRYHUQDQFH SURYLGHG E\ D ODUJH QXPEHU RI
HQWHUSULVHFLWL]HQDQGH[SHUWVXUYH\UHVSRQGHQWVLQLQGXVWULDODQG
GHYHORSLQJFRXQWULHV7KHVHGDWDDUHJDWKHUHGIURPDQXPEHURI
VXUYH\LQVWLWXWHVWKLQNWDQNVQRQJRYHUQPHQWDORUJDQL]DWLRQV
DQGLQWHUQDWLRQDORUJDQL]DWLRQV´7KXVWKHGDWDJDWKHUHGVKRXOG
RQO\EHLQWHUSUHWHGDVDQLQGLFDWRURIZHDNQHVVHVRUVWUHQJWKV
RIDFRXQWU\7KHLQGLFDWRUVDUHDJJUHJDWHVZKLFKGRQRWUHÀHFW
WKHZHDNQHVVHVRUVWUHQJWKVRIGLIIHUHQWOHYHOVDQGGHSDUWPHQWV
RISXEOLFDGPLQLVWUDWLRQ7KH\VKRZWKHSHUFHSWLRQRIGLIIHUHQW
VWDNHKROGHUV LQ D FRXQWU\¶V VRFLDO DQG HFRQRPLF OLIH ZKLFK
GRHVQRWQHFHVVDULO\UHÀHFWUHDOLW\+RZHYHUSHUFHLYHGSROLWLFDO
VWDELOLW\ JRYHUQPHQW HIIHFWLYHQHVV HWF LV OLNHO\ WR LQÀXHQFH
WKHZLOOLQJQHVVWRVXSSRUWDQGLPSOHPHQWSROLF\
The data presented in Table 6 show the following. Although
different aspects of good governance have been improving in the first
decade of the 21st century in Ukraine, they are at a lower level than
Poland. Voice and accountability and political stability have improved
in Ukraine, while political stability and regulatory has improved
in Poland. Corruption remains a main problem in Ukraine. As a
consequence, it can be expected that in Ukrainian transport policy
particular short-term economic interests are more likely to prevail
than in Poland, while social and environmental issues are more likely
to be neglected. However, Ukrainian aspirations to join the European
Union may counteract this [32].

4. Conclusion
In this article, it was argued that a lower level of good governance
in Ukraine than in Poland is likely to lead to less sustainable
development of the Ukrainian part of the Pan-European Transport
Corridor III. As cargo shipment by road is expected to increase
faster than rail cargo, policy measures should be taken in order
to stimulate multimodal and rail transport, not only in order to
prevent environmental problems, but also congestion and excessive
depreciation of roads. Improvement of indicators of good
governance is a condition for the development and effective
implementation of such policy. However, as this is a cumbersome
long-term process, there may be an important role for the European
Union to provide incentives for more sustainable development of
the Ukrainian part of the transport corridor. In the long run this
may provide important economic pay offs, as it improves access to
markets in former Soviet republics, supporting access to natural
resources required for long-term economic development.
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Table 6. World Bank indicators of good governance – Poland and
Ukraine compared [29, 30]
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ABSTRACT
As the urban traffic volumes reach their daily peak values, the surface traffic in modern cities suffers from
frequent breakdowns and traffic jams. One of possibilities that could mitigate the problem is the deployment
of smarter automatic systems of urban traffic control. Our paper demonstrates a development version of such
a system. The system is based on adaptive feedback control approach. It makes use of filtering techniques to
account for measurement imperfections and implements the rolling horizon method for optimal signal control.
We compare the performance of the proposed system with two typical control approaches – pre-timed (or fixed)
control, and traffic actuated (or dynamic) control. Different scenarios will be compared, including rapid changes
in traffic volumes and reactions to incidents. The comparison is carried out using our demonstrator tool, based
on TSS Aimsun micro-simulator. In order to keep the calibrated simulation as close to reality as possible, in the
comparison runs we use real dense input volume measurements and simulate also the behavior of intersection
controllers.
KEYWORDS: traffic, ITS, telematics, urban traffic control

1. Introduction
In recent years, many cities suffer from numerous urban
traffic-related problems, including traffic safety, and ecology. As
a response to this situation, modern traffic management systems
are being deployed [1,2,3,4], which are able to adapt to changing
traffic demands and are able to provide coordinated signal settings
for large urban areas [5].
While local traffic actuated signal plans can work well at
isolated intersections, any control algorithm that supervises a larger
urban street network has to optimise signal settings at the whole
region at once in order to achieve an optimum traffic flow through
the controlled area. This cannot be achieved without some kind of
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a model describing the current traffic situation in the region. Such
a model is periodically updated by measurements from different
kinds of traffic detectors [5].
The traffic model provides the user with a set of variables
describing the state of the system. The model must connect these
variables with control variables that influence the state – signal plans,
cycle length, and signal plan offsets. In the approach, described in
[6], the vector of queue lengths on the approaches to intersections
was chosen as the modelled variable describing the system state.
The queues are the main cause of the travel delay and the sum of
the queue lengths relates to the travel delay in the system, which is a
widely accepted criterion of the level of service.
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3.2. Model of the detector occupancy

2. Problem formulation
Our goal is to develop an urban traffic control system that will
be able to react on measured traffic data and optimise a criterion
based on the ideas in [6]. In the first phase, described in this
paper, we will attempt to minimise travel times by minimizing the
weighted sum of queue lengths at all approaches of all controlled
intersections. To achieve our goal, we will derive a feedback system
for urban traffic control based on a simple input-output model
of a traffic region. The model will use the on-line measurement
of traffic volumes and the state of the controlled system will be
statistically estimated from currently measured data. On the basis
of the estimated model and its state vector, the signal splits will be
set so that the weighted sum of the predicted queue lengths at the
intersection achieves its minimum. The optimization will be based
on linear programming and it will use a rolling horizon for better
stability of the control.

3. Model of traffic region
To be able to optimally control a system, we have to model it
first and the model needs to be a good approximation of the reality.
A typical urban traffic system shows a great amount of noise in the
measured data, and therefore its state is to certain degree uncertain.
In order to take count of the uncertainties, the model variables
are considered to be random variables with estimated mean and
variance, and the uncertainty is usually modelled by additional
noise with given distribution.
Our model has a form of a discrete-time state-space model
and it is based on the model of Homolová and Nagy [6]. We will
briefly overview its main components, the state equation and the
output equation.

The detector occupancy 0 is defined as a ratio of detector
activated time and the length of the detection period. It has been
shown by Diakaki that in certain range the occupancy at the
detector has almost linear dependency on the queue length. This
leads to the relation
(2)
where κ and λ are coefficients of the linear dependency. Their
values depend mostly on the detector distance from the stop-bar.

3.3. Model of the output
The model describing the output of the system computes the
number of vehicles leaving the intersection given the number of
vehicles queueing on its approaches, the turning rates αij between
the i-th and j-th approach, and the number of vehicles arriving
during the cycle. The output model has to also take into account
different possibilities of queue formation described by (1). The
resulting model, although in parts linear, becomes quite elaborate
and due to space constraints we refer the kind reader to the
original paper [6] for detailed explanation:

(3)

where ηt is the output intensity over some approach, Α is the set
of all approaches of the intersection, αj is the turning rate from
the j-th approach to the output and δj,t is the boolean residual
queue flag honouring the two variants of equation (1), δj,t=1 if
ξj,t+Ij,t>Sjzj,t,δj,t=0, otherwise.

3.1. Model of the queue.

3.4. The final model

The state of the system is described by two sets of variables –
queue lengths ξ at all signalised approaches and the corresponding
detector occupancies 0. The part of the model that describes the
evolution of the queue follows a simple conservation law [7] that
has been modified to keep ξ>0:

Using the above building blocks a linear state space model can
be built,

(1)
It expresses the fact that at the end of the -th cycle the residual
queue length ξt+1 at some approach is equal to the previous queue
ξt increased by the arriving flow (or demand) It and decreased by
the flow equal to lane capacity – the lane capacity is given by the
saturation flow S and the relative green length for the approach,
zt, given as a ratio of the cycle time when the green signal is on. If
the lane capacity exceeds the total demand, the residual queue is
approximated by the number of vehicles arriving on red, assuming
uniform arrivals.
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(4)
(5)
where the state vector xt is composed from queue lengths ξt and
modelled input occupancies 0t, the vector represents the green zt
splits, the output vector yt is composed from the modelled output
intensities and modelled input occupancies 0t, the matrices of
the system contain appropriate parts of equations (1)-(3) and the
noise vectors wt and vt cover all uncertainties and disturbances in
the model.

3.5. Filtration
The state-space model described by (4) and (5) depends on
a number of parameters. Should we consider those parameters
known and fixed and all inputs to the system being measured, the
model is known completely and its state (queue lengths) can be
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estimated based on measurements using the simplest version of
linear state estimation – the Kalman filter [9].
However, for a robust practical application these conditions
do not hold: The values of parameters S and α are usually just
approximate, the turning rates α change in the course of the
day, and not all inputs can be measured, mainly due to budget
restrictions. Only the parameters κ and λ can be considered
constant and their values can be pre-computed.
In such a case, the process of simultaneous estimation of the
system state and its parameters leads to non-linear estimation
and filtration. Numerous methods exist that allow simultaneous
estimation of state and parameters, their main problem being
numerical stability. In our system we opted for the DD1 filter
[10]. This method proves to work well provided that the noise
covariances from the model (4), (5) are determined with sufficient
accuracy.

3.6. Control
In order to control the system, we need to specify a control
criterion that will be minimised. In our case we aim to minimise
travel time by minimising the number of vehicles queueing in the
controlled traffic network. We define the control criterion as a
weighted sum of the delay caused by vehicles queueing on red,
(6)
where ν is the number of controlled intersection approaches, wi
denote weight (importance) of the i-th approach and ξ/S represents
queue length to maximum throughput ratio, allowing for longer
queues at approaches that are able to again rapidly discharge them.

(11)
using

so that the values of relative

greens do not influence the optimality criterion. Additional
conditions for optimisation are ξ>0, zmin≤,z≤zmax and all relative
greens at one intersection have to sum to one.
The optimization presented above will provide optimal green
splits for a single cycle using variables measured during the
previous cycle. Such a control criterion is very easy to compute,
however, it could be unstable as the synthesised control action
maximises the current profit and does not take into account
historical data and predictions of future traffic situation. That is
the reason why a suboptimal control with a rolling horizon is used
instead the above mentioned simple case. The only difference is
that the control model (7) is constructed using predictions of input
intensities up to the rolling horizon length (typically 5 cycles) and
the criterion (6) is minimised taking into account all modelled
queue lengths over the horizon. The intensity is predicted using an
autoregressive model of order 2.

4. Simulated experiments
As a first step towards the real world testing of the system, the
model and above proposed controller have been tested using the
TSS Aimsun micro-simulator equipped with additional interface
to Matlab and simulated intersection controllers. The tested
network is located in the western suburbs of Prague, around Zličín
public transport terminal and shopping centres [12]. It consists of
two coordinated intersections and it is depicted in Figure 1.

3.7. Model for control
The criterion (6) is expressed through the queue lengths ξ.
However, this variable is not directly measurable and we need a
control model, connecting the queue lengths to other measurable
variables. Such a model can be easily obtained using the state
space model (4). We get

and composing new vector xt+1 as a concatenation of ξt+1 and zt
we finally arrive at the model for control in the form

(7)

3.8. Optimization
With the control model formulated in the form of (7) we may
minimise queue lengths by linear programming approach [11] by
transforming (6) into linear programming criterion
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Fig. 1. Test network, consisting of intersections 5.495 and 5.601 at
Prague-Zličín. Entrance from TerminalBUS experiences heavy
public transport traffic, while entrance to MetropoleZličín
may generate and attract large amounts of passenger cars.
Řevnickástreet connects the ramps of highway D5 with
residence areas to the north and south.
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In our aim to keep the simulation as close to reality as possible,
we have used true input data with sampling period 90sec, recorded
on 2007/12/12, as shown in Figure 2. We have also simulated the
existing signal programs of both intersection controllers.
To demonstrate the capabilities of the proposed system, three
different traffic scenarios have been tested: Scenario 1 covers
one full day of heavy traffic using data recorded on 2007/12/12,
Scenario 2 adds an traffic incident of a bus and a passenger car
blocking one of the lanes on Řevnická street east from

Fig. 3. Average vehicle delays (upper) and number of stops (lower)
over all scenarios for configurations A, B, and C.

5. Conclusion
Fig. 2. Vehicle inputs for Metropole Zličín for Scenario 1 and 2
(upper) and Scenario 3 (lower).

intersection 5.601, and Scenario 3 investigates the reaction of
the system to heavy traffic attracted and generated by the exit to
Metropole Zličín.
Three different configurations of intersection controllers have
been tested within each scenario: Configuration A is a backup pretimed signal plan that is used in case of serious detector failures,
Configuration B is a traffic-actuated control with fixed signal plan,
and Configuration C is a traffic-actuated control with a signal plan
provided by our control system.
The results are summarised in Table 1 and in Figure 3.
Table 1. Global statistics of different scenarios and configurations
Scenario/
Configuration

1A

1B

1C

2A

2B

2C

3A

3B

3C

Delay time
[s]

33.9

32.2

32.1

39.3

37.8

36.2

38.1

36.7

35.9

Number of
stops [-]

1.02

0.98

0.97

1.33

1.29

1.25

1.21

1.19

1.17
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We have proposed and tested in simulation an alternative
urban traffic control system based on state-space model of the
traffic network.
We were pleased to observe that the system was able to
correctly detect the lower capacity of output in Scenario 3 and
changed the signal plan accordingly by shortening the affected
greens and giving more time to alternative signal group. This
could, in real situation, suggest drivers to change their directional
preferences and prefer an alternative route to their destination.
On the other hand, the proposed system does not bring much
improvement for the common traffic situation as shown by results
for Scenario 1. These result clearly show that for a typical day the
pre-defined signal plan works quite well with traffic-actuation
taking care of all small disturbances in traffic. The proposed
control is still marginally better, but the overhead of redefining the
signal plan for the controller network may be in some situations
even prohibitive. This is an interesting topic for future research.
Given the favourable results of the simulated testing, we will
also try to obtain the permission to test the system in real traffic.
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ABSTRACT
Logistics costs are a major expense accounts departments responsible for national security. Experience in business
can be used, but must take into account the specificities of the public sector. The paper presents the results of
research project, during the study looked for the best tools to improve the efficiency of the fleet management
of the police. Fleet economy is inefficient – both in terms of the use of vehicles and service. In the research
project prepared telematics solutions that reduce transport costs in the police. In particular, these are systems for
monitoring fuel consumption. In addition, organizational changes are proposed which allow to reduce logistics
costs and increase employee motivation.
KEYWORDS: ogistics, police, transport costs, vehicle

1. Introduction
The observation of changes in the public sector (not only in
Poland) suggests that the adaptation of business solutions, may be
a source of increased efficiency in this sector. A key instrument for
the optimization of logistic processes are increasingly used in the
logistics sector fleet monitoring systems based on telematics solutions
(combining information technology and telecommunications). In
particular, a vehicle tracking systems using satellite technology and
systems available through the analysis of fleet operations in real
time. Monitoring allows the assessment of efficiency of the fleet.
This knowledge can also be used in operating activities of the Police.
Vehicle monitoring system is the key, but only one of many
organizational and economic solutions, which should be comprehensive
prepared with a special reference the organizational and economic
police. The transfer of relevant business solutions to public sector
operating conditions requires consideration of such differences in
organizational culture and specific salary systems.
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2. Optimization of the police
fleet management as a subject
of research
The problem of optimizing fleet management using satellite
monitoring system was the subject of research within the research
and development project No. R00 0138 O 11, which is realized from
09.01.2010 until 12.31.2011 year by a consortium of scientific and
industrial, composed of: University of Economics in Katowice, as
leader of the project, Voivodship Police Headquarters in Krakow,
WASKO S.A. (a company operating in the IT sector, specializing
in telematics hardware and software).
The project is designed to develop methods to optimize vehicle
operating costs and increase efficiency of the fleet of the police.
The project has been included analysis and studies, especially
choice of method of measuring fuel consumption in vehicles. The
demonstrator system has been installed in police cars selected.
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The main functions of the system is receiving data from the GPS /
GSM adapted to vehicles, especially fuel consumption (taken from
the vehicle Controller Arena Network), processing of information
collected by means of special algorithms, the presentation of
calculation results in the client application, which is a fleet
management tool. One of the functions of the system is able to
monitor the vehicle position on a digital road map. This allows
real–time surveillance of vehicle traffic police – example of the
system shown in Figure 1.

Table 1. Polish police fleet (2009)
No.

Transport units

Units
31.12.2009 r.

Percent

1

Cars

12 955

64,2

2

Jeeps

695

3,4

3

Vans

3 642

18

4

Trucs

520

2,6

5

Buses

108

0,5

6

Special cars
TOTAL

7
8

Boats
Other
TOTAL FLEET

356

1,8

18 276

90,5

280

1,4

1 629

8,1

20 185

100

Table 2. The financing of fleet purchases (2007–2010)

Fig. 1. Localization of the vehicle on a digital map

Otherwise may be enter and process information concerning
the exploitation the vehicle (such as: identification, servicing,
repair, fuelling). The application allows you to obtain data about
the operating costs of official vehicles. Accurate measurement of
fuel consumption will enable the management of fuel economy,
which should contribute to reducing transport costs.
A prototype system – the so–called technology demonstrator
– embraced 150 vehicles of various types of vehicles of the Police
in Krakow. Vehicles are working in the police units located in areas
typical of the Małopolska province (areas with characteristics of
both mountain and lowland, and urban). The central servers
(database and application), together with the workstation was
located in Police Headquarters in Krakow. There has been the first
positive observations: once installed in the vehicles selected for
video recording devices nor of an accident involving one of these
cars.

3. Police fleet

Funding source

PLN (mln)

Percent

The modernization of the
police

362,7

89

Local government sources

14,6

3,7

The Norwegian Financial
Mechanism

21,0

5,3

National Fund for
Environmental Protection and
Water Management

0,6

0,2

Sponsoring

7,3

1,8

TOTAL

406,2

100

Fig. 2. Average age of fleet

Polish police have over 20 thousand units of transport, the
majority (over 90%) are cars and trucks (Tab. 1). The average age of
vehicles is decreasing as a result of purchases (only in 2009 bought
nearly 5 thousand vehicles) – for vehicles is 4.7 years (Fig. 2). In
2009, the average age of vehicles decreased in comparison with
2008 by 30% for cars. It should be noted that the fleet replacement
program (Tab. 2) has been completed and is no longer continued
in 2011, so the average age of vehicles will increase. Fleet is used
extensively – the average car mileage is just over 17 thousand km
per year (Fig.3) [4].
Fig.3. Average vehicle mileage in 2009 (in thousand kilometers)
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Operating costs of the fleet is around 246 million PLN per
year (2009), including fuel costs are almost 130 million PLN. The
cost calculation does not include some of the costs: in particular,
depreciation and payroll. So the calculated unit cost was estimated
at 0.71 PLN / km for 2009. Maintenance costs are high (Fig. 4) and
its low efficiency (Fig. 5).

Fig. 4. Unit costs technical maintenance in PLN/km – data for 2009

Fig. 5. Maintenance efficiency (mileage per employee) – 2009 r.

Poor use of the fleet is not reflected in the account of unit costs.
Moreover, optimization actions impair the use of rolling stock –
at market conditions, such an economy would be impossible, as
would lead to an increase in fleet costs [4].

4. Model optimization of the
police fleet management
Increase the efficiency of the transport industry requires
comprehensive solutions, modelled on the approach used in business,
taking into account not only the introduction of new monitoring
techniques, but also organizational innovation. It is necessary to
integrate the management of key fleet management processes (Fig.6).
In particular, it is necessary to draw attention to the integration of
basic management functions for the processes [4]:
tthe supply of transportation equipment – the impact of
police units on purchases of rolling stock is too small, the
dominant factor in this process is the availability financial
resources do not sufficiently take into account the structure
of the owned fleet (which affects the costs of maintenance and
operation), questionable whether this planning process, and
its organization,
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trolling stock, which is crucial for the effectiveness of the police
fleet – the primacy of operations negatively associated with
vague supervision over the operation of rolling stock (it is not
possible to assign specific fuel consumption for users of rolling
stock), and complement this picture is the lack of economic
incentives that induce users to efficient use and care of the
fleet,
tfleet service – service is based on the work of its technical
equipment, it is time to commute to the service station, self–
service system seems to be cheaper than based on outsourcing,
probably because it does not take into account the costs of
travel to the service station and the exclusion from the work of
officers supplying equipment for service stations,
tcassation fleet – fleet retires from service reluctantly, no
motivation, fleet sales resources go directly to the state budget,
it appears that this process should be directly related to the
procurement process in transport equipment and should also
include elements of motivation.

Fig. 6.Optimization model of police fleet

The key to effective control of transport costs to implement a
system that allows monitoring of rolling stock including for precise
control of fuel economy. The experience of road transport operators
allow to expect significant economic benefits here (especially if
we consider that at present the police are monitored only large,
oversize excess fuel consumption and there is no incentive system
to encourage savings in this area). Monitoring systems are offered
with both the brand of vehicles, as well as independent solutions for
use in the rolling stock of the carrier. An example of the first type of
solutions can be FleetBoard offered by Mercedes, which is already
installed in more than 75 thousand. vehicles (including in Poland,
about 350). This system monitors events responsible for more than
80% of transport costs, it allows to improve transport security and
optimization of drivers (which also has an environmental dimension)
[1]. There are also solutions that integrate fleet management operators
– offer comprehensive fleet management (in particular, to refuel
and service). Examples are offered in Poland AutoGuard party
products, FmSolutions, and systems related to satellite navigation
systems (GPS) – a solution based on these data integration on the
work vehicle and its components, and location data [2,5].
The monitoring system created for the police must take into
account the specificity of the operating business and that the
measurement of fuel consumption in passenger cars is complicated.
A major problem is the preparation of solutions to the economic
incentives for drivers – police system of remuneration is stiff and
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formalized, so you need to seek appropriate forms of bonuses or
legislative changes to allow the introduction of such solutions. A
major challenge will also prepare proposals for the management of
the state of rolling stock (reduction and transfers between units)
and the working time of the drivers.
Bridge gaps between different lines of action should be
optimization software allowing user to use information from the
satellite monitoring system – such an approach is presented in the
project (Fig. 7). As you can see the GPS monitoring is only one of
many elements of a computer system that includes the economy as
a whole fleet of the police.
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Fig. 7 The structure of the fleet management system with the
expanded service module

5. Conclusion
Optimization of the police fleet is a difficult task due to the
specific cost accounting in the public sector and the limitations
budget system. However, the use of the police business solution
bring measurable economic benefits. Satellite monitoring (treated
as a key element of an integrated fleet management system) is
an opportunity to improve transport efficiency of the police. In
particular, the expected decrease in cost of operation and servicing
of rolling stock, and greater attention to transport equipment. It is
possible to more effectively manage the fleet. Obtaining the benefits
depend on the implementation of telematics and organizational
changes in the police. The reforms require the salary system (it is
necessary motivational factors) and the system of buying and selling
of vehicles. Effective management of the police fleet is a benefit in
terms of logistics costs and improving operating efficiency of the
police.
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ABSTRACT
The paper presents the solution for automation, security systems, fire protection systems and management of the
traffic light in tunnel. The solution: from the simulation to the innovative SCADA system integrating all security
systems. The paper consists of the following components:
1. Description of the object and visualization in tunnel simulator
2. Building redundant SCADA system and fiber optic network
3. SCADA system presentation
4. Results
Construction of a traffic control system has been implemented in a tunnel with the assistance of three-dimensional
computer tunnel simulation. Integration multiple safety systems and tunnel automatic, and providing adequate
level of reliability resulted creation of innovative SCADA system.
KEYWORDS: automation, SCADA, HTML5, ECMAScript

1. Tram tunnel Poznań/Franowo
Tram tunnel construction was completed in 2012. The project
consists of a tram route with a length of about 2.3 km, in the twochamber tunnel with a total length of 1 km. Part of underground
tunnel between trams stops is more than 400 m long.

The tunnel has a wide variety of systems, e.g. safety systems:
1. Alarm System,
2. Fire System,
3. The smoke removal system,
4. Traffic lights,
5. Warning system for intruders,
6. Monitoring system (about 150 cameras)
7. System of warning travelers.

2. Simulator

Fig. 1 Visualization of tram line
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Traffic simulator was created for this tunnel. Simulator allows
the graphical visualization of the traffic problems in the tunnel
and beyond. It allows also to determine the size of tram traffic at a
given hour for selected directions.
From a technical side of view, the simulation is:
tApplication in JavaScript (ECMAScript) [1, 2] using WebGL
technology,
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tOwn computer graphics engine,
tDetermination of the vehicles flow.

For hardware redundancy of the system we use switches with
support of STP (Spanning Tree Protocol) and redundant fiber
optic connections. Full redundancy of the system would not have
been possible without software, which also has this feature.

4. Mongol SCADA

Fig. 2 Simulation of the situation on the tram node

Mongol is a specific SCADA (Supervisory Control and Data
Acquisition) system created in the WASKO group. It was developed
for applications dedicated for communication problems, mainly
in city traffic management.
A characteristic feature of the system is the collection of data
from large areas, data processing and a unique data visualization
system based on web browsers capabilities. This visualization
allows access to data from variety client systems.
Mongol software is application framework for dynamic passenger
information system (SDIP WASKO), and information system of free
parking spots (eParking). Currently also collects data and „control”
tram tunnel in Poznań/Franowo.

5. Features of the system
5.1 Distributed scalable client-server
architecture

Fig. 3 Simulation of fire and smoke removal

3. Network of steering and
signalization
The project consists of several independent networks. For
safety reasons, the control and signaling network was built as
redundant network. Failure of any single network element should
not create a risk to the system.

Philosophy of centralized data processing and using local thin
client underlies creating Mongol software. To perform operations
such as data collection and data visualization are abused as mode:
Thin clients.
Processing of the data, their local collection [6] is done in a
centralized manner, but with extreme scalability. This is achieved by
processing with optimal use of modern equipment (multi-processor
computer). In addition, the whole architecture is adapted to use on
multiple computers.
Implementation of the solution in the tunnel Franowo tram line,
replicating uses MongoDB database [7] for storing historical data.
The whole solution is associated with the processing of the
concept of “Cloud computing”. In summary:
tCentralized management of software, lower cost and faster
management software customization.
tLow hardware requirements for the client system.
tScaling the system is not dependent on the client stations
already installed – only on servers expandability.
tThe degree of independence of the system, the geographical
extent of the system (in practice a global scale).

6. Open protocols
Fig. 4 General scheme of control and signaling networks
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All communication in the system based on open protocols
TCP/IP, HTTP/HTTPS, and data access layer is JSON (JavaScript
Object Notation), and XML.
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tEasy integration with other systems, and open architecture
system.
tThe system uses unified, uniform interfaces.
tAbility to work with a variety of client devices, including:
GPS loggers, drivers, lights controllers, PLC – it’s really open
system.
tIndependence from the hardware layer of data communication;
e.g.: WiMAX, GPRS, Wi-Fi, and other access methods such as
wires.
tRelatively low bandwidth usage, possibility to use
telecommunications links with weak performance.

7. Visualization system as ,,the
Web” application
This software is using unified data access interface. You can create
almost any data visualization and whole application for end users.
This application will be executed on web browser. Visualization part
of Mongol SCADA allows you to:
tReduce costs by unifying data visualization components.
Visualization requires only a web browser (without any
plugins).
tEasy to modify and update the data presentation layer.
Editor of screen visualization and code editor is part of the
application.
tDisplay graphics, animation and video. View maps and plans
of cities [4, 9], with the position of vehicles, bus stops and
other information.
tDisplay charts and other historical data for managing the
system.
tSupport for multiple languages in visualization screens.
System use UTF-8 encoding for support non-Latin alphabets.
tDynamic and fast update data based on the new technologies
of web browsers.
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Fig. 5 Screen of visualization of smoke removal action during a
simulated fire in tunnel
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