K”“?CLC'2019% December 2 - 4, 2019, Zakopane, Poland, EU

OPERATION ISSUES OF PASSENGER INFORMATION SYSTEMS
tukasz WOLNIEWICZ, Franciszek J. RESTEL

Wroclaw University of Science and Technology, Faculty of Mechanical Engineering, Wroclaw, Poland, EU,
lukasz.wolniewicz@pwr.edu.pl, franciszek.restel@pwr.edu.pl

Abstract

Modern agglomerations are interested in the development of public transport and the use of advanced
technical and organizational solutions in this area. One of the elements is passenger information. Good
passenger information reduces travel time and increases the competitiveness of public transport. It is therefore
an element that encourages the use of public transport, improves the comfort of travel and improves the image
of the city and the carrier. The question rises, how is the efficiency of the presented information in terms of
passenger readability. Therefore, the aim of the paper is to identify the information system components which
gives important information to the passenger, and which are threatened by misreading. Afterwards, the main
goal of this work is to give answer about correctness of gathered information. There is lack of regulation on
the visibility distance of displayed text in boards is not in line with the current disability friendly policy. An
attempt has been made to determine the minimum visibility limits depending on the type of board and the type
of text. The manufacturer of display boards also does not declare the visibility distance of the displayed text
on the boards. It was found that boards of smaller size, commonly used in new vehicles, adversely affect the
visibility of text. The worst results of visibility distance measurements were recorded on small LEDs boards
with a contrasting line number installed in new trams in Wroclaw. The best readable are the messages on
large LEDs boards with a contrasting line number commonly used in many cities.
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1. PASSENGER INFORMATION SYSTEMS

Passenger information systems are one of the most important elements of modern public transport. They
significantly increase the comfort of passengers when travelling. They enable to obtain information necessary
for travel comfort. They allow the carrier to communicate quickly with passengers. Modern trends concern
ecological means of transport, accessible for people with reduced mobility and transparent information
[1,2,3,4]. The basic functions of dynamic passenger information are:

° assisting in the selection of the place to wait for the vehicle,
° calculation of the waiting time,
° supporting the decision on changing the planned travel method to alternative [5].

These systems are most commonly used in vehicles, stations, communication nodes, platforms and stops
[6,7,8]. The main elements are electronic information boards and audio information devices. In a vehicle, visual
information is provided by electronic boards. Depending on the demand, the boards are of different sizes and
the matrices they are made of have different resolutions and different production technologies. They are
installed at the front, sides and rear and in the interior of the vehicle. Additionally, a voice announcement
system is installed, which increases the effectiveness of information provided to passengers. All the devices
mentioned above are controlled by the on-board computer. Passengers inside the vehicle obtain complete
information about the vehicle (line, mileage, stops, communication nodes, etc.), and those waiting at stops
know how many minutes they will be able to continue their journey. At stations and airports, visual information
is provided by means of electronic arrival and departure boards placed in halls, waiting rooms, on platforms,
and voice announcements ensure its comprehensiveness [9,10]. At airports, the flow of passengers is
analyzed on the basis of the information used [11,12,13]. Specialized software presents the content
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automatically, providing predefined content to be displayed on all system boards. It is possible to modify the
information on an ad hoc basis (e.g. due to a change in departure time), and to change the data permanently.
The control system for display boards and voice announcements is compatible with the timetabling software.
The system has the ability to provide passengers with scheduled information only, without automatic
consideration of changes (e.g. delays). In real time mode (on-line), the timetable is displayed on the boards,
but it is dynamically corrected for deviations during the ride. Modifications take place automatically. A
passenger waiting at a bus stop always sees the actual time of departure of the vehicle from the bus stop, in
which possible deviations from the timetable have been taken into account. These systems can be easily
extended with additional elements. In this way, they can be activated in stages, depending on the customer's
needs.

The aim of the paper is to identify the information system components which gives important information to the
passenger, and which are threatened by misreading. Afterwards, the main goal of this work is to give answer
about correctness of gathered information.

2, DEPARTURE BOARDS AT THE STOPS

One of the most important functions of the modern urban public transport system is the information of
passengers about the current, real time arrivals and departures of vehicles from stops and to present
interchanges at selected stopping points. Dynamic Information Systems provide passengers with such
information on electronic boards. The display boards in stops, which are part of the passenger information
system, present current departure times to passengers [14,15]. They also enable the transmission of
messages about traffic difficulties and changes in the course of the journey. Display boards usually consist of
orange diodes and automatically adjust the brightness of light to the lighting conditions. This system enhances
the comfort of travel by making up-to-date information quickly available. Passengers can quickly decide to
interchanges within a node by comparing the actual departure times [16,17].

Data from on-board vehicle systems shall be used by a Central System to keep passengers informed so that
arrival and departure times of vehicles can be displayed in real time according to their current deviation from
the scheduled timetable. It is important because in case of high saturation of urban traffic, especially during
peak hours, timetables placed at bus stops usually do not reflect the actual situation and will not be consistent
with the moment of arrival of the vehicle at the bus stop.

A dynamic passenger information system consists of the following interacting elements:

° controller placed in public transport vehicles (analyses punctuality on the basis of data on the GPS
location of the vehicle),

° infrastructure for the exchange of short-range data (update of the timetable and directional tables in the
depot),

o long-range data exchange infrastructure (transmission of data to the server from vehicles and from the
server to bus stops and mobile applications),

° central server (processing of data received from vehicles and calculation of expected departure times),

° dynamic passenger information in stops (display of actual departure times for passengers) [18].

The system can also be adapted to people with reduced mobility. At departure times it is possible to display
information on whether the course is supported by low-floor rolling stock. The second facilitation is a built-in
speaker, which reads all the information contained on the display board.

A pilot solution is to replace the traditional timetables at bus stops with displays made in e-ink technology,
commonly used in ebook readers. This solution has many advantages. First of all, there is no need to print and
exchange cards with the timetable. Secondly, energy efficiency. The screen illumination can be powered by
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photovoltaic panels. Thirdly, the flexibility of the solution. On such an e-ink display we can show real-time
information about traffic difficulties.

Nowadays, every passenger using mobile devices has access to a range of applications that allow to track
difficulties and changes in running, plan a trip, or monitor punctuality. Until a few years ago, we used a timetable
application, and now we can check the actual departure times of buses, trams and even trains. Depending on
the city, the passenger can choose to check the live departures from his stop, the travel planner, information
about the low floor or air conditioning. The authors [19,20] evaluated the application features of various carriers
using a form. The need for integration of the programs with social media was demonstrated and the possibility
of making proposals for changes in public transport was also demonstrated [21,22,23].

We can also use mobile apps during rail travel. As an example, you can give KDGo! which allows you to
monitor the movement of Lower Silesian Railways, check the nearest departures from a given station, and
even see the current speed of the vehicle. In aviation, we also use applications showing the actual departure
times and delays of plane [24]. MPK Wroclaw as the first of the large transport companies in Poland decided
to make the location of its vehicles publicly available. Each vehicle of the city carrier and its subcontractor is
equipped with a GPS transmitter. The iIMPK application has been running in Wroclaw since 2013. It provides:

° actual departure times from the stop,

° locate a vehicle with a particular rolling stock number,

° check if the vehicle is adapted to the needs of people with disabilities,

° check that the vehicle is air conditioned,

° actual messages about traffics difficulties with the indication of the stops they concern.

3. PASSENGER INFORMATION ON THE VEHICLE

The displays of the internal passenger information system are on board the vehicles. They are used to provide
various types of information to travelers. The basic functions are the presentation of the route, direction of
travel, time, date, date and information about the next stop. In addition to these basic functions, you can also
see: information about traffics difficulties and proposed interchanges. Informing passengers about traffics
difficulties and route changes is carried out through a special HOT bar on multimedia displays.

In vehicles there are the following types of internal displays:

° XTL-type LED boards,

° 23" TFT LCD monitors (can display: part of the route, line number, driving direction, possible
interchanges, date and time, information about the lockout of cashiers and activated air conditioning of
the passenger area, active button on request stop, service number of the driver, can also be used to
broadcast advertising materials while maintaining a passenger information strip of approximately 30 %
of the monitor area).

° 38" TFT LCD monitors (designed to present the route in the form of the so-called "beads", contains all
the names of stops with the distinction between the serviced and future, travel, times between the stops,
names of the streets on which they are located, names of city districts, possible interchanges,
information and tourist attractions, the number of the line and its category, date and time, contact details
of the unit responsible for the organization of transport).

3.1. PASSENGER INFORMATION OUTSIDE THE VEHICLE

Outside passenger information is designed to provide information to a potential passenger by means of light
boards. It should be brief so that the passenger can quickly identify the vehicle. In the event of a mistake, there
is a risk of misuse by a passenger. Risk issues are important in transport systems [25,26]. The outside line
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boards are characterized by a bright light color for visually impaired people. Increasingly, vehicles are also
equipped with an external voice line and directional announcement system.

Basic types of light boards used in Poland:

° XTD-type of boards,
° FLIP-DOT-type of boards.

On XTD boards, the text is created by means of a LED matrix. In these boards, a high readability of the text is
ensured due to the high brightness of the LEDs and the large angle of light. The LEDs used are white, blue,
orange and red. In Wroclaw, the orange applause boards have been combined with a contrasting blue line
board visible to the visually impaired. The display boards automatically adjust the brightness depending on
the prevailing conditions so that it is suitable in all conditions. In the evening they shine darker, and when the
sun is shining brighter. This ensures optimum contrast. XTD LED panels are equipped with a battery saving
mechanism in the vehicle in which they are installed. When the vehicle engine is switched off, the LED
brightness is automatically set to a minimum and after 20 minutes the LEDs are switched off. If the engine is
restarted, the displayed content is restored. In LED boards are used classic diode (round) and surface mounted
diode (SMD) with a wider angle of light and greater durability.

On electromagnetic boards (type FLIP-DOT), the text is created by electromagnetically controlled moving thin
plates colored strongly fluorescent yellow-green on one side and black on the other side - Figure 1. The text
consists of plates facing away from the viewer, while the black ones form a background. Inverting the plates
causes an electromagnetic pulse. These plates draw current only when the text changes. The text is
maintained for an infinitely long time by magnetic memory.

Figure 1 Construction of FLIP-DOT display board

Classification of boards according to their position in the vehicle:
° front display board,
° side display board,
° back display board.

The front display board is usually located above the windscreen of the vehicle and is designed to display the
line number and the direction to which the vehicle is heading. The board can also display additional information
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such as: negative - informs that a given line runs a changed route, pictogram - e.g. train symbol informing that
a vehicle is going to a station, text "changed route", text "departure in X minutes". - indicating in how many
minutes the vehicle will leave the starting point. The most popular size of the board is 24 x 200 light points.

Depending on the position in the vehicle, each display board has its own unique address. The address of the
display boards is set using switches shown in the Figure 2.

Figure 2 Switches for changing the address of display boards

The side display board is usually located on the right-hand side of the vehicle. The most common dimension
is 24 x 60 light points. The area of line and direction can be separated. The board displays the line number
and direction.

The back display board is used to display the line number in most cases. It happens that a wider board is
mounted on the rear of the vehicle to display the line number and direction.

3.2. VISIBILITY OF BOARDS EXPERIMENT

Visibility of displays was tested in the same conditions in a group of 15 people. The distance of display boards
visibility was read out after prior inventory of the area and evaluation of the distance of individual characteristic
points on the map (poles, lanterns). The distances of visibility of the display board were recorded in a group of
15 people for one situation. The arrangement of the observer and the characteristic points on the testing ground
is shown in the Figure 3.

Observation point

Street poles
® Stop o o o o o

- | Vehicle j

Figure 3 Characteristic points on the testing ground

Vehicles of all types of display boards and text were recorded. Figure 4 shows the results of the research. The
probability of reliable information reading (PRIR) has been calculated in function of reading distance. The most
visible were the newest type of display boards mounted in buses (LLEC) - Figure 4B. Small new-type display
boards in trams (SLE) - Figure 4D were less visible than old type FLIP-DOT boards (LFD) - Figure 4E.
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Figure 4 Visibility research results by type of boards

Due to the lack of formal regulations Due to the lack of formal regulations of the city carrier concerning the
distance of visibility of the displayed text on the outside display boards of vehicles, research was carried out.
The following types of display boards were inventoried and subsequently evaluated:

large LED boards (LLE) - Figure 5A, Figure 5D,

large LEDs boards with a contrasting line number (LLEC) - Figure 5C,

medium LED boards (MLE),

small LEDs boards with a contrasting line number
large FLIP-DOT boards (LFD) - Figure 5B,
medium FLIP-DOT boards (MFD)

Due to the type of text displayed on the boards:

one-line text - Figure 5A, Figure 5C,
double-line text - Figure 5B, Figure 5D.
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Figure 5 Display types and types of texts

Probability of reliable information reading (PRIR) allows to determine the distance from which the text of a
given type on a given display board will be visible. This method is widely used in transport systems
[27,28,29,30,31,32]. The correct and fast selection of the vehicle by the passenger, and thus the punctual
departure time, depends on the visibility of the text.

4, CONCLUSION

The distances of visibility of display boards of different types were determined on the basis of the research
carried out. The most visible were the newest type of display boards mounted in buses (LLEC) and the display
boards of the same size, but without the contrasting line number (LLE). In the newest trams, smaller display
boards than in buses (SLE) were installed. They are less visible than the old FLIP-DOT (LFD and MFD) boards.
The reason may be that the distance of visibility of the signs displayed on the outside boards is not regulated.
In auction for the purchase of new vehicles there are no requirements for the visibility of the display board.
These analyses may be used to introduce such adjustments. Clear passenger information is important
because it reduces travel time and increases the competitiveness and attractiveness of public transport.
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