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Abstract: This paper presents a concept for a universal tram driver console that has been developed
based on research results regarding the review of tram control panels. These efforts were carried out
as part of the project “Innovative training system for tram drivers, based on a full-cab simulator with
the application of cognitive science” POIR.01.01.01-00-0135/22, with funding from the Smart Growth
Operational Programme. This project involves the development of a tram driver training system
based on a full-cabin tram simulator mounted on a motion platform, integrated with eye-tracking
technologies and skin conductance response analysis for tram drivers’ assessment. The presented
research results regarding the development of a universal control panel structure for a tram simulator
have led to the creation of a panel based on interchangeable panels. The arrangement of individual
switches was determined based on the identification, selection, critical evaluation, and analysis of
data from current solutions.

Keywords: tram; tram simulator; control; tram driver

1. Introduction

Dangerous incidents involving trams are classified as the phenomena with the most
severe consequences. This is mainly due to the number of injured people, including tram
passengers and other traffic participants, e.g., pedestrians, cyclists, and passengers of other
vehicles. According to police reports, there were 149 accidents on trackways and railroad
crossings in Poland in 2022, in which six people were killed and 217 injured. In 48 cases,
the tram driver was to blame [1].

Hazardous incidents in urban rail transportation can result from both technical and
human factors. Training simulators contribute to improving rail transportation safety
through their ability to increase the training level of drivers. The placement of switches on
the console is significant in terms of mistakes made by drivers. Using a simulator-integrated
driver evaluation tool based on data from cognitive measurement systems will make it
possible to analyze a driver’s errors depending on the point of gaze focused on the control
panel. The paper’s primary purpose is to present a universal control panel structure for a
tram simulator based on interchangeable panels.

The structure of this paper includes in Chapter 2 a review of existing knowledge
covering the use of simulators in training systems and an overview of existing solutions in
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rail transportation. Chapter 3 evaluates switch placement. Chapter 4 presents a solution
for a universal console. Chapter 5 summarizes the achievements made.

2. State of the Art

This state-of-the-art review is divided into two parts. The first part focuses on using
tram simulators in the transportation system. The second part focuses on the review of
available solutions.

2.1. Tram Simulator

The development of urban rail transport is driven by the growing demand for public
transport services [2]. In the first quarter of 2022, 16 tram transport operators operated
3118 trams in all Polish cities [3]. The expansion of tram networks, purchase of new vehicles,
modernization of existing vehicles, and increase in passenger volume and traffic volume
increase the risk of accidents [4]. Tram passengers [5] and other traffic participants traveling
on the streets [6–8] bear the risk. Thus, the challenge for urban agglomerations is to ensure
safe mobility. Improving safety in urban transportation is possible through appropriate
training methods. Research on tram drivers’ perceptions of traffic safety challenges has
indicated the need to improve the driver training program to reduce tram accidents [9].

Increased safety is possible through the use of simulators, which create the right con-
ditions to prepare for work and acquire the skills to cope with a changing environment [10].
The validity of using simulators as training tools has already been noted in the literature.
The human factor identified in [11] indicated that of the several ways to influence the hu-
man factor, education, and training are the main ways to influence drivers. The simulator
developed by [12] directly indicated a better transfer of practical skills than from printed
materials in the study group analyzed. The benefits associated with the use of simulators
in training systems are also related to the increase in safety by taking into account a variety
of typical and atypical situations and are solutions characterized by lower operating and
maintenance costs compared to the implementation of training on actual facilities [13].

The key in the training aspect is to achieve an appropriate degree of replication of the
actual system [14]. According to [15], the degree of replication focuses on physical fidelity,
functional fidelity, and behavioral accuracy. The physical fidelity of a simulator refers to
the degree to which the simulator can replicate the physical feel, appearance, and sound
in such a way that the user feels like he or she is participating in the natural system. The
literature has already noted the relationship between simulator fidelity and the effectiveness
of training delivered on simulators [16]. Functional fidelity focuses on replicating situations
that could occur in a natural system [17]. Behavioral fidelity, on the other hand, focuses
on mimicking real-social human interactions and reactions [18]. A review of validation
studies of driving simulators indicates that the degree of replication of the natural system is
also influenced by task, perceptual, and psychological fidelity [19]. Achieving an adequate
degree of replication in training systems requires considering the responsibilities of vehicle
drivers. In the case of tram drivers, these tasks are identified in [20] and include tasks
performed before undertaking a transportation task, a task performed during the ride, and
after the ride is completed.

To improve safety and increase employee training, many transportation companies
decided to purchase streetcar simulators [21]. This was determined by the increasing
number of traffic incidents involving trams caused by young employees [22]. In Poland,
we distinguish the following solutions:

• The NGT6 tram simulator developed by the Institute of Rail Vehicles at the Faculty
of Mechanical Engineering, Cracow University of Technology (the first Polish tram
simulator [23]), and the GT8S tram at the Museum of Urban Engineering;

• Tram simulator 105 Na of the company Polskie Symulatory at the Museum of Technol-
ogy and Communication in Szczecin;

• 805N-ML tram simulator and Pesa Swing tram simulator by Polskie Symulatory in
Lodz, Poland;
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• Konstal 105N2k/2000 tram simulator by Lander in Warsaw;
• Tram simulator Moderus Beta MF 24 AC by Lander in Wroclaw.

The above solutions are static simulators, which do not allow studying the driver’s
state and visual focus points depending on the training scenario. Some systems allow study-
ing stress levels or fatigue [24]. According to [25], the stress level in drivers directly impacts
their work performance and, thus, safety. The authors attempted to quantify drivers’ stress
levels and the factors contributing to them through an experimental study conducted in
a realistic railroad simulator. Extensive statistical analysis showed that short-term heart
rate variability indicators can differentiate between different stress levels. The paper [26]
presents changes in the autonomic nervous system and driving style modifications in
response to incremental stimulation of stress levels during simulated car driving. The first
stress load involved the random delivery of mechanical stimuli to the vehicle during calm
highway driving via a series of sudden and unexpected skids. The second stress load meant
an incremental psychological load consisting of arithmetic questions with time pressure
added to the mechanical stimuli. Driver physiological signals and vehicle mechanical
parameters were recorded and analyzed throughout the experimental session. In [27], the
mental load associated with increased driving speed was assessed from 60 km/h to 180
km/h. A car driving simulator was used for this. The evaluation was based on changes in
facial temperature. The subjects showed an increase in the difference between the tempera-
ture of the nose and forehead, a decrease in the level of skin potential, and an increase in
the level of skin conductance. The authors [28] examined the effects of time pressure on eye
movement, pupil diameter, cardiovascular and respiratory activity, driving performance,
vehicle control, limb movement, and head position. Based on existing theories of human
behavior under time pressure, three categories of results were distinguished: driving speed,
physiological measurements, and driving strategies. Drivers showed increased heart rate,
increased respiratory rate, increased pupil diameter, and decreased eye blink rate. In [29],
study participants participated in one of two simulated train driving scenarios. Both were
monotonous and differed only in the level of cognitive preparation required. Monotony
is an inherent feature of transportation industries, including rail, air, and road transport,
which can have a negative impact on safety.

Since driving a tram is a complex and very demanding task [30], studying the focus
points of drivers’ eyes while driving is essential, especially on the control panel and the
environment [31]. In the publication [32], a study of the gaze focus of motorists with
different experiences while driving on a tram simulator was conducted. The results show
differences in attentional dynamics between different user groups. Novices focused more on
the center panel of the tram simulator than experts. In [33], drivers’ use of the emergency
brake was analyzed. Combined with the results of a survey of experts, the use of the
emergency brake was tested depending on its location on the control panel. The test used
a simulator and an actual vehicle. The interpretation of individual switches on the tram
control panel can be associated with incidents, resulting in selecting the wrong direction
of travel [34]. The article [35] describes incidents caused by the diversity of rolling stock
and the low experience of new employees. It has been observed that inexperienced drivers,
combined with stress and fatigue, have difficulty adjusting to different tram pulpits. Most
operators have vehicles in their fleet that differ in their control panels.

The training solutions on the market need products with the high degree of immersion
that full-cab simulators placed on motion platforms have. The specific structure of the tram
cab is based on large glass windows with contoured arches in the close vicinity of the driver.
This is an essential issue for constructing a simulator on a traffic platform regarding image
projection. Currently, tram simulators mainly use console designs, in which the image is
projected onto a flat external screen, or compact simulators, which are usually displayed on
several independent monitors. According to [36], the level of immersion (the degree of user
involvement in the virtual reality experience) is low in such a case. It is also essential to
equip the simulator with an integral trainee assessment system, using data from cognitive
eye-tracking and a GSR (galvanic skin response) skin galvanometer to measure the level
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of stress and intensity of emotions experienced [37]. This makes it possible, among other
things, to analyze a motorist’s errors depending on the point of gaze, focus on the control
panel and the environment, and study his emotions in these situations.

2.2. An Overview of Available Solutions

A selection, critical evaluation, and comparative analysis of the tram control panel
of modern trams that Polish transport companies operate have been conducted. Eleven
vehicles were selected from different cities, including line and prototype vehicles. The
review presented concerns only trams in operation in Poland.

The first vehicle is a Poznan-based Solaris Tramino S105p. It is a fully low-floor,
articulated tram consisting of five sections. The overall length of the vehicle is 32.026 mm,
while the width of the tram body is 2.4 m. Solaris Tramino S105p trams are equipped with
wide doors—the double ones offer 1500 mm of passage width. The tram driver’s console
consists of three sections: the right-hand panel, the center panel, and the left-hand panel.
In addition, three buttons and one switch have been placed on the right armrest.

The next tram is the Pesa Swing 122NaŁ—a five-unit, single-space, and fully low-floor
tram. The tram is 30.5 long and adapted to run on a narrow-gauge track with a width
of 1000 mm. The tram is manufactured for Lodz. The body of the vehicle is based on
three non-torsional bogies. The extreme bogies under the end members (one and five) are
drivable, while the middle bogie under member three is rolling. The driver’s console on
the 122NaŁ tram consists of three sections. Right, center, and left console. In addition, two
buttons and one switch were placed in the lower right section.

Another tram is the Moderus Gamma LF 06 AC, manufactured for Lodz—a five-unit,
32.5-meter-long tram based on four traction bogies. The tram is 88% low floor. The high
floor is located only within the first and last bogie. All passenger doors are accessible from
the low floor, whose height above rail head level is 350 mm directly at the door. All bogies
on the tram are drive bogies; the outermost bogies are torsion bogies (allowable steering
angle of 10◦), while the middle bogies are stiffened bogies (torsion within a range of not
more than 1◦). The tram driver’s console consists of three sections: the right-hand panel,
the center panel, and the left-hand panel. In addition, three buttons and one switch have
been placed on the right armrest.

The next tram is Moderus Beta MF 02 AC. It is a three-member design based on
four rotating bogies. These trams are used in cities such as Poznan, Szczecin, Wroclaw,
Grudziadz, and the Silesian Agglomeration. A total of more than 150 Beta trams were
produced for Polish cities. The tram console has three sections: right, left, and center
sections. The center section contains the most relevant buttons, controls, and a speedometer.
In addition, there is a side console on the left side, used mainly for starting the tram.

The following vehicle is Moderus Gamma LF 01 AC—a five-unit low-floor tram based
on three two-axle rigid bogies. Two bogies are drive bogies, and one (the middle one) is a
rolling bogie. This is a prototype vehicle leased by MPK Poznan from Modertrans. The
console consists of three panels: the left panel, the right panel, and the center panel. Each
panel has both buttons and a screen (touchscreen or, for example, monitoring view).

The following vehicle is Moderus Gamma LF 02 AC/LF 03 AC BD—a low-floor,
three-unit tram, 32 m long, based on four bogies, running in Poznan. LF 02 AC version
is a one-way vehicle, and LF 03 AC BD is a two-way tram. Apart from the directionality,
the vehicles are almost identical and have analogous driver’s cabs. The console consists
of three main panels—left, right, and the center panel. The left panel is equipped with a
monitoring preview. The center panel is the screen with the parameters of the vehicle. The
passenger information system was placed on the right panel, in addition to the switches.
Currently, more than 100 Gamma trams have been produced.

Another vehicle is the Moderus Beta MF10AC—a single-unit, partially low-floor tram
equipped with two powered bogies operated by Silesian Trams. The vehicle has three
doors to the passenger area. Access to the driver’s cab is through the passenger space.
The driver’s console consists of three main panels. On the side console on the left is an
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additional panel with twelve buttons, and on the right armrest is a small panel duplicating
the buttons found on the main dashboard.

The following vehicle is Moderus Beta LF05AC—a single-unit, fully low-floor proto-
type vehicle equipped with two powered torsion bogies. Other equipment on this tram
includes an ultra-modern SIC technology drive, air conditioning for the driver’s cab, and
a heat pump for the passenger space. The driver’s console consists of three sections. In
addition, there are additional button strips under the right and left panels. Buttons are also
located on the right armrest of the driver’s seat.

Another tram is Moderus Gamma LF 07 AC—a 32-meter-long three-unit tram, based
on four bogies, operated in Wroclaw, and completely low floor—the floor height above the
level of the rail head is 350 mm at the doors and 520 mm above the bogies. MOSFETs made
of silicon carbide (SiC) transistors are used in the drive devices. The console consists of
three main sections—the right-hand panel, the center panel, and the left-hand panel. The
side panel was also placed on the left. A function panel was placed on the right armrest of
the driver’s seat.

The next vehicle is a low-floor, five-member, one-way Skoda 16T tram. The tram has
two end sections, two inset sections, and a center section. The end members are belted
on two-axis bogies, each driven by two asynchronous traction motors that always form
a single motor unit. The center section fits on a two-axle rolling carriage. The tram had
undergone a significant repair at SAATZ in 2021 and is in service in Wroclaw. The driver’s
console is divided into three main sections: left, center, and right. In the center section, in
addition to the on-board computer, are the most crucial function buttons.

The last vehicle analyzed is the Moderus MF 17 AC. It was created due to a deep
modernization of the Protram 205WrAs tram. It is a 28-meter-long three-member vehicle
based on four bogies, operated in Wroclaw. The tram is partially low floor (the low floor
located in the middle section accounts for 23% of the total floor area). The driver’s console
on the MF 17 AC tram is divided into three parts: left, center, and right. The right part is
a passenger information system. In the center section are the on-board computer and the
most essential buttons. On the left is a radio station and a switch used less frequently.

Based on a review of available solutions, the driver’s console was divided into the
areas indicated in Figure 1.
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The basic console is divided into right, left, and central panels. The central panel
in each type of vehicle includes an on-board computer that monitors current vehicle
parameters. Depending on the type of tram, the right and left panels are interchangeable
with each other and contain, among other things, a passenger information computer,
switches responsible for controlling doors, lighting, heating, windshield wipers, and
selecting the direction of travel. In the armrest are duplicated switches most often used
by tram drivers. These are, in many cases, turn signals and opening/closing doors. On
the other hand, the side panel is equipped with switches used infrequently, such as those
required to start the tram or take action in the event of tram damage. Each vehicle’s
driving controller is located on the left side. This controller allows starting, coasting, service
braking, and emergency braking. In addition, in many cases, it is equipped with an external
bell switch.

3. Evaluation of the Arrangement of Switches

Trams are tailor-made vehicles, which means that each ordering party in the descrip-
tion of the subject of the contract defines all the parameters of the vehicle, its layout, number
of sections, bogies, equipment, etc. The arrangement of buttons and switches on the driver’s
console is similar. In most cases, the final deployment of individual consoles, sections, and
buttons is part of the dialogue between the employer and the contractor. This is a group of
several people who make significant decisions subjectively. In many cases, drivers or depot
facilities staff are also invited to this dialogue. Therefore, in carrying out the present work,
the authors included a group of experts in order to design and build a universal console as
objectively as possible. Only such an approach guarantees the expected result. To evaluate
individual drivers’ consoles, we invited a broad group of drivers, i.e., people who operate
a tram for several hours every day and who should have a decisive vote on the layout of
buttons and switches on individual panels.

The consoles and buttons of 11 modern trams operated by Polish transport companies
were evaluated by 30 experts, including employees of carriers, vehicle manufacturers, and
design engineers. Among the users, the evaluation was carried out directly by motormen
(a total of twenty people, among whom were four driving instructors), depot maintenance
workers (two shunters), and technical facilities specialists (three people). Among the vehicle
manufacturer’s experts were vehicle commissioning personnel (two people), while among
engineers, the evaluations were made by people with experience in trams’ mechanical and
electrical design (three people).

The largest group of experts making the assessment were the direct users of trams, i.e.,
the drivers who operate the vehicles. This group was very diverse—of them, 55% were
women (divided into two age categories: those aged 21–40 accounted for 40% in the
women’s group and those aged 41–60 accounted for 60% in the women’s group, respec-
tively) and 45% were men (divided into two age categories: those aged 21–43 accounted
for 53% in the men’s group and those aged 44–65 accounted for 47% in the men’s group,
respectively). Professional experience in operating trams among the selected entire group
of drivers is as follows: 0–5 years of experience, 20%; 5–10 years of experience, 30%;
10–20 years of experience, 40%; and the group with more than 20 years of experience
accounted for 10%.

Such a wide and varied group of experts made it possible to obtain an evaluation
from many different points of view. Evaluating only the driver who uses the vehicle is
critical; however, it may give a partial assessment. The additional opinion of designers who
have repeatedly designed consoles for various carriers is also of great value. Back-office
employees who have repeatedly determined the arrangement of buttons on desktops in
many new and modernized vehicles also know much about the subject under analysis.

The tram driver console and its buttons were evaluated based on four criteria:

1. Safety—the location of crucial buttons related to vehicle safety in easily accessible
areas was considered.
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2. Functionality—functionality was understood as placing buttons most frequently used
by the driver during the ride closer to his hands in better accessible locations than
buttons used infrequently.

3. Legibility—understood as adequate description and marking of buttons so that their
function and location can be understood and read without any doubt.

4. Complementarity—considers the logic of the location of buttons—whether the buttons
of a given group, responsible for similar functions, are located close to each other.

Each expert filled out a button evaluation questionnaire, assigning a rating for each
switch location on a scale of 0–5 for the 11 analyzed trams operated by Polish transport
companies. The ratings were then summed up, and based on the highest ones, the default
button locations on the universal panel were selected, which can be changed between slots.
It is worth mentioning that only Polish trams were evaluated. The maximum total score
for a single criterion is 150 points, and the maximum score for a switch on the dashboard
is 600 points. Table 1 presents sums of ratings of switch locations on a console for five
selected vehicles.

Table 1. Sums of ratings of switch locations on a console for five selected vehicles.

Switch Moderus Gamma
LF 06 AC

Moderus Gamma
LF 05 AC

Moderus Gamma
LF 07 AC

Skoda 16T
RK

Moderus MF
17 AC

Current collector 94.33% 92.42% 98.25% 84.83% 98.42%
Battery 84.58% 90.58% 85.17% 90.29% 84.92%

Riding on battery power 91.00% 90.92% 85.33% 85.25% 85.42%
Driving direction 84.58% 88.08% 84.08% 87.99% 84.92%

Air conditioning and compartment heating 89.33% 85.08% 85.33% 84.92%
Internal lighting 93.42% 87.58% 94.58% 84.92% 98.58%
Disabled person 89.00% 93.58% 98.75% 80.50% 98.58%

Fan speed of heater 91.83% 89.67% 98.17% 98.25% 98.67%
Heating mirrors 86.83% 85.50% 97.75% 80.42% 79.42%

STOP (emergency braking) 96.08% 90.25% 95.92% 80.58% 79.67%
Heating of the cabin 91.83% 98.67% 93.67% 93.92%

Adjustment of mirrors 93.92% 94.75% 98.08% 93.92% 79.67%
Dimming of the controls 70.00% 93.33% 97.17% 81.33% 98.75%
Wiper operating mode 96.33% 88.42% 94.00% 84.17% 84.42%

Sprinkler 93.42% 86.75% 92.33% 84.50% 84.42%
Wiper impulse 92.92% 88.50% 94.17% 84.58%

Emergency lights 91.00% 85.08% 98.42% 98.25% 99.08%
Fog lamps 85.50% 98.83% 98.17% 99.08%

Cab lighting 93.83% 90.00% 97.83% 97.25% 99.08%
Roller shutter 94.83% 91.92% 79.75%
Turn signals 88.83% 98.67% 93.42% 93.67% 91.42%

Bell 89.92% 94.33% 95.00% 95.08% 94.00%
Crossover control 83.67% 99.08% 93.42% 98.92% 89.75%
Positioning lights 91.75% 91.92% 85.33% 84.50% 84.75%

Passing lights 91.00% 93.17% 85.17% 84.83% 84.75%
Light impulse 90.92% 98.75% 85.25% 84.92% 84.92%

Activation of the passenger buttons 90.58% 91.75% 84.92% 98.25% 85.08%
Door opening 88.75% 91.75% 85.00% 98.75% 84.08%
Doors closing 84.92% 91.33% 84.92% 98.58% 84.75%

Front door 84.75% 90.58% 84.92% 98.83% 84.92%
Passenger information computer 98.67% 87.50% 98.67% 98.67% 98.67%

Based on the sum of the ratings in Table 2, the default location of the following switches
was selected for the Skoda 16T tram: battery, direction of travel, bell, activation of passenger
switches, door opening, door closing, front door, and location of the passenger information
computer. In terms of the listed switches, this tram received the highest score among the
11 evaluated. The total score for the switch is as follows: the battery is 546.5 points, the
direction of travel is 546 points, the bell is 571.5 points, the passenger switch activation is
589.5 points, the door opening is 592.5 points, door closing is 591.5 points, the front door is
593, and passenger information computer location is 592 points. It comprises partial scores
considering safety, functionality, legibility, and complementarity. Blank rows in the table
mean there was no such switch in a particular type of tram.
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Table 2. Switch evaluations for the Skoda 16T tram.

Switch
Criteria

Total
Safety Functionality Legibility Complementarity

Current collector 80.67% 81.33% 78.67% 98.67% 84.83%
Battery 82.33% 96.00% 88.33% 94.50% 90.29%
Riding on battery power 80.33% 80.67% 80.67% 99.33% 85.25%
Driving direction 89.07% 88.00% 89.80% 84.33% 87.99%
Air conditioning and compartment heating 80.33% 81.33% 80.67% 99.00% 85.33%
Internal lighting 80.33% 79.33% 80.67% 99.33% 84.92%
Disabled person 79.00% 81.00% 80.67% 81.33% 80.50%
Fan speed of heater 98.33% 98.67% 97.00% 99.00% 98.25%
Heating mirrors 79.33% 82.00% 80.67% 79.67% 80.42%
STOP (emergency braking) 81.67% 80.67% 80.67% 79.33% 80.58%
Heating of the cabin 98.33% 98.00% 98.00% 80.33% 93.67%
Adjustment of mirrors 98.33% 79.67% 98.00% 99.67% 93.92%
Dimming of the controls 82.33% 80.67% 81.33% 81.00% 81.33%
Wiper operating mode 79.67% 78.67% 79.00% 99.33% 84.17%
Sprinkler 80.67% 79.00% 79.00% 99.33% 84.50%
Emergency lights 97.33% 98.33% 99.67% 97.67% 98.25%
Fog lamps 97.33% 98.33% 99.33% 97.67% 98.17%
Cab lighting 97.33% 99.33% 94.67% 97.67% 97.25%
Roller shutter 79.33% 79.33% 80.67% 79.67% 79.75%
Turn signals 97.67% 79.33% 98.00% 99.67% 93.67%
Bell 98.00% 99.33% 83.33% 99.67% 95.08%
Crossover control 98.00% 98.33% 99.67% 99.67% 98.92%
Positioning lights 80.33% 79.33% 80.67% 97.67% 84.50%
Passing lights 81.00% 79.33% 81.33% 97.67% 84.83%
Light impulse 81.00% 79.33% 81.67% 97.67% 84.92%
Activation of the passenger switches 98.67% 97.33% 97.67% 99.33% 98.25%
Door opening 98.67% 99.33% 97.67% 99.33% 98.75%
Doors closing 98.67% 98.67% 97.67% 99.33% 98.58%
Front door 98.67% 99.33% 98.00% 99.33% 98.83%
Passenger information computer 97.67% 99.33% 99.00% 98.67% 98.67%

4. Universal Console for Tram Drivers

Based on the analysis of the performed assessments, it was concluded that the optimal
solution would be to design the consoles of the driver’s console in such a way that the
individual sections of the switches are located next to each other (complementarity)—for
example, switches that perform door functions, exterior lighting, or directional selection
and turn signals. Another conclusion of the analysis is placing the switches used most
often as close to the right hand as possible. An important issue that experts pointed out
was the legibility of switch markings. In the universal driver console, descriptive icons are
unambiguous, simple, and easy to read for everyone.

An important aspect that has been realized is the issue of the interchangeability of
individual panels and the possibility of swapping them in place. This relies on the fact
that the upper panels can be swapped between each other and the lower quadruple panels
as well. For example, the passenger information and monitoring control computer on the
right panel will be on the left panel after the swap. The situation is similar on the lower
small panels with switches. Each is identical and features four switches. This allows these
four panels to be freely interchanged in four different slots. This provides many possible
switch arrangements that can be easily and quickly obtained.

The developed console consists of three main large panels and four small panels under
the side main panels. A panel on the side console complements this. Figure 2 shows the
arrangement of panels in the shell of the console. Table 3 describes the functions of each
button on each panel.
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Figure 2. Universal console visualization.

Table 3. Functionality of the switches of the universal driver’s console with interchangeable panels.

The Switch Symbol Number Description of Functionality

Current collector 1 The switch performs the function of raising or lowering the
current collector.

Battery 2 The switch performs the function of switching the tram’s
battery on or off.

Riding on battery power 3 The switch activates the mode of driving on a battery bank.

Driving direction 4 The switch is responsible for the direction of the tram and
activates the shunting panel.

Air conditioning and compartment heating 5 The switch activates the air conditioning/heating of the
passenger compartment.

Internal lighting 6 On/off switch for interior lighting.

Disabled person 7 The light indicates the need for assistance from a disabled
person when getting on/off.

Fan speed of heater 8 The switch is responsible for controlling the speed of the
heating fan.

Heating mirrors 9 Mirror heating on/off button.

STOP (emergency braking) 10 When pressed, the emergency brake is activated. Returns to
the initial position after turning.

Heating of the cabin 11 Activation of tram driver’s cab heating.

Adjustment of mirrors 12 The manipulator allows the selection of the convenient
position of external mirror mirrors.

Dimming of the controls 13 Pressing activates a single wiper blade movement.
Wiper operating mode 14 Pressing activates the washer.
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Table 3. Cont.

The Switch Symbol Number Description of Functionality

Sprinkler 15

Wiper operation control is implemented in three modes:
- Intermittent operation mode with manually set interval;
- Continuous operation mode, speed I;
- Continuous operation mode, speed II.

Wiper impulse 16
The knob adjusts the brightness of the controls on the tram
driver’s console in a smooth manner—a movement to the
right—brighter and brighter.

Emergency lights 17 Windshield roller blind height adjustment switch.

Fog lamps 18

Activation of the fog lights (the switch light will be
illuminated when the lights are on, which is not the same as
pressing the switch). The lights will only turn on if the
position lights were previously activated—windshield roller
blind height adjustment switch.

Cab lighting 19 Switch for tram driver’s cab lighting.
Roller shutter 20 The switch activates the switch on the emergency lights.

Turn signals 21 The switch triggers the activation of turn signals and lights
indicating the selected direction.

Bell 22 The switch activates an external warning bell.

Crossover control 23
Selecting an individual switch position activates the
selected vehicle direction. The straight-ahead setting
deactivates the previously selected position.

Positioning lights 24a
The indicator light shows the status of the position lights,
with a green color active. It is activated by the switch (24)
next to it.

Passing lights 24b
The light shows the status of the dipped headlights, with
the green color active. It is activated with the switch (24)
next to it.

Light impulse 25 Pressing the switch activates a single high-beam pulse.

Activation of the passenger buttons 26 Pressing the switch activates the passenger switches to open
the doors.

Door opening 27 The switch performs the function of simultaneously
opening all passenger doors when the tram is at a standstill.

Doors closing 28 When pressed, it immediately closes all doors regardless of
the detection of movement in the door by photocells.

Front door 29 The switch performs the function of opening and closing the
first vehicle door.

Passenger information computer 30
A passenger information computer controls the
implementation of the timetable, shows surveillance images,
and sends data to vehicle directional boards.

Tram central computer 31

It is the primary device of an extensive diagnostic system
and is used to display information such as current tram
speed, daily and total mileage, door status, the condition of
the lubricant, status of sand-sprayers, overhead line voltage
and current drawn, information about the current status of
the tram and prompts for the driver, status of equipment
(battery banks, inverters, propulsion, pickups, doors,
heaters, air conditioners, and brakes), and access to
diagnostic menus.

The distribution of individual switches in selected Polish trams and the developed
universal console are presented in Table 4. Table 4 uses the following designations: LP—left
panel; RP—right panel; CP—central panel; SC—side console; DR—driving range finder.
One prototype vehicle has an additional panel with buttons under the ceiling above the
control console, so it is designated as a UCP—upper console panel—in the table. In Table 4,
the first abbreviation indicates the selected location of the button. In contrast, the second
abbreviation (after the slash) indicates that the consoles are interchangeable concerning
each other so that at any time, the part can be in a different location—total versatility.
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Table 4. Location of switches in selected Polish trams and universal tram driver console.
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Current collector SC SC SC SC UCP SC SC LP CP SC LP LP/RP
Battery SC SC SC SC UCP SC SC LP SC SC SC LP/RP
Riding on battery power LP UCP LP UCP SC SC LP SC SC LP/RP
Driving direction SC LP SC UCP SC SC LP SC SC SC LP/RP
Air conditioning and compartment heating LP LP LP LP SC SC SC LP/RP
Internal lighting LP LP LP LP LP LP RP RP LP SC LP LP/RP
Disabled person LP RP LP CP CP RP CP LP LP CP CP LP/RP
Fan speed of heater RP SC SC RP LP SC LP LP/RP
Heating mirrors LP RP LP RP RP LP LP CP LP/RP
STOP (emergency braking) RP CP RP CP CP CP CP RP CP RP SC LP/RP
Heating of the cabin SC LP LP SC SC LP SC LP LP/RP
Adjustment of mirrors LP LP LP LP RP LP RP LP LP LP CP LP/RP
Dimming of the controls LP RP RP RP LP LP CP LP LP/RP
Wiper operating mode RP RP RP RP CP RP RP RP CP RP CP LP/RP
Sprinkler RP RP RP CP CP RP RP RP CP RP CP LP/RP
Wiper impulse RP RP RP RP RP RP LP CP LP/RP
Emergency lights RP RP RP RP CP RP RP RP LP CP LP LP/RP
Fog lamps RP RP CP RP RP RP LP CP LP LP/RP
Cab lighting SC CP RP LP LP LP RP RP LP LP LP LP/RP
Roller shutter LP RP RP RP LP LP RP LP/P RP
Turn signals RP RP RP CP CP CP RP RP CP RP CP RP/LP
Bell SC RP RP CP DR DR RP RP CP RP CP RP/LP
Crossover control RP RP RP CP RP RP RP CP CP CP RP/LP
Positioning lights RP CP LP LP CP CP CP RP LP CP LP RP/LP
Passing lights RP CP LP LP CP CP CP RP LP CP LP RP/LP
Light impulse RP RP RP CP RP RP RP CP RP CP RP/LP
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For example, the location of the switch responsible for heating the driver’s cabin
was rated highest for the Moderus Gamma LF 07 AC tram (Table 2), so in the developed
universal console, the heating of the cabin switch was placed on the left side of the panel
(as shown in Table 4).

The lower right panel was placed with a section of switches responsible for wide-
ranging functions related to opening and closing the door. In all of the analyzed tram
driver’s consoles examined in Poland, the door switches were the closest to the driver’s
right hand. The choice of this location was driven by the need for quick access to these
switches and the fact that the drivers are using this section most often. In the developed
simulator, the door switches have been placed in the console of the right armrest of the
driver’s seat for increased travel comfort and to minimize the time the driver spends
activating, opening, or closing the door. Other rail vehicle manufacturers use a similar
solution, also indicated in this paper, including PESA Bydgoszcz, Solaris, and Modertrans
Poznan. The group of door switches was particularly highly rated by experts in the Skoda
16T RK tram and Moderus Gamma LF 01 AC; because of that, a similar layout was used
and presented in the article. The section of switches related to directional selection and the
turn signals have been located in one section near the driver’s right hand. The section is
additionally equipped with indicator lights that inform about the given state of the switch.
Due to complementarity, the indicated elements were located close to each other. These
are switches that are also frequently used by the driver tram. In addition, the analysis
indicated that this is the best location for them. Similar switch placement can be found in
Moderus MF 17 AC or Solaris Tramino trams. Each manufacturer placed the turn signal
switch on the right panel as close to the driver’s right hand. The direction selector and
the switch responsible for it in the indicated vehicles were also near the turn signal switch.
It should be noted that, depending on the direction of the travel system, this function
is performed by a single switch (such as the system from MPK Wroclaw) or a group of
switches (MPK Poznan).

Based on an expert assessment, a passenger information computer was placed on
the right-hand panel. The analysis showed that the right panel should have a passenger
information computer. This computer provides phonic and graphical information on the
performance of transport tasks to passengers. In most cases analyzed, these functions were
performed by 10” panels/autocomputers, and these devices were located on the right-hand
panels. However, there were vehicles (from MPK Poznan) where the SIP computer was
placed on the left-hand panel. With this in mind, a technical solution was developed to
change the location of the SIP computer from the right-hand panel to the left-hand panel.
Experts pointed out that placing the SIP computer on the right-hand side of the panel is the
most functional solution—the trams that received the most points were the Moderus MF 17
AC, Moderus Gamma LF 07 AC, and PESA Swing 122NaŁ.

The left-hand side of the lower right-hand console has been encased by switches
performing the vehicle’s external lighting functions. These include the light pulse, the
switch for the position, low- and high-beam headlights, and the auto function. This location
is determined by the need for quick access and the high frequency of use of these switches.
However, given that the switching of external lighting can be fully automatic, requiring
no intervention or supervision by the driver, this section could be interchanged with the
door switch section and even with the lower panels of the left-hand panel (a group of
switches used occasionally). The final recipient of this solution can thus define the order.
An analysis of the experts’ results shows that this is the right place for these switches—high
scores in this respect were given to twin solutions such as the Moderus Gamma LF 05
AC. A switch to activate the bell was placed in the central part of the left side of the right
console. This switch has a much larger diameter of the touch part, colored red. Such a
solution is confirmed by analyzing the arrangement of pushbuttons in other tram consoles
used in Poland. The choice of such a location was dictated by the results of the driver’s
console development analysis in the vehicles operated by Polish carriers. The location in
Skoda 16T RK and Moderus Gamma LF 07 AC streetcars received the most points.
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The tram’s central computer was built into the center of the driver’s panel. It is the
primary device of an extensive diagnostic system and is used to display the information
presented in Table 3. The default image on the panel is the main screen, which contains
all basic diagnostic information. Menu and error screens are also available. In the ana-
lyzed trams, the driver’s auto computer was also located in the central part of the tram
driver’s console.

On the left-hand large panel, a group of switches is responsible for starting the vehicle
and the driving mode. This group includes the battery activation switch, the pantograph
raises and a lower button, the forward or reverse selector switch, or from the maneuvering
panel, battery or main driving mode switch. The location of this group of switches follows
directly from the analysis of existing solutions. These are usually located on the left side
of the console or the side panel, which is also usually on the left side. This panel also
placed a group of switches responsible for heating and air conditioning the passenger
compartment and the driver’s cabin. A red emergency brake switch is placed in the upper
right of the panel. This location ensures excellent visibility of this critical switch and perfect
ergonomics for both right- and left-handers. On the left panel are switches responsible
for mirror settings and a light indicating the use switch for disabled persons. A radio is
also placed on this panel for communication between the motorist and dispatcher. On the
lower left side of the console are two narrow panels with four switches each. On the first
panel from the left are the switches for the wiper and washer operation, as well as a knob
to adjust the brightness of the backlighting of the switches and controls throughout the
console. The second narrow panel features switches to activate the emergency lights, fog
lights, driver’s cab lights, and a switch to adjust the sunblind. This is a group of switches
that are important but far less frequently used—such a regularity was noted in expert
evaluations of Moderus Beta MF 02 AC, Gamma LF 02 AC, Moderus Gam-ma LF 07 AC,
Moderus MF 17 AC trams.

On the left side of the console is an additional panel with switches that are rarely used
in regular operation and are only found in some cities. The side console panel includes
switches related to the operation of the door system, namely activation of the timed door
closure, locking the last section door, and driving lock with the door open. A PLC-free
emergency drive actuation switch and a brake release switch are still located on this panel.
The armrest of the driver’s seat contains the switches most often used by the driver: door
control and turn signals.

5. Conclusions

The market lacks training solutions for tram drivers mounted on a motion platform.
Such simulators have a much higher degree of immersion than simulators with an external
computer system or compact simulators. According to the project concept, a universal
control panel structure was developed. The proposed solution is aimed at general tram
driving lessons based on their basic functionality rather than the panel layout of a specific
model. The panel structure of the tram driver’s console makes it possible to obtain a console
that coincides with the driver’s requirements without interfering with the entire structure
of the simulator.

The distribution of individual switches was determined based on the identification,
selection, critical evaluation, and comparative analysis of the consoles of tram driver
consoles of modern trams operated by Polish transport companies. In addition, swapping
panels with switches between each other within the slots available in the console shell
is possible. The simulator is integrated into a driver assessment tool based on cognitive
eye-tracking data and a GSR skin galvanometer to measure stress levels and the intensity
of emotions experienced. Eye tracking allows studying the eyes’ focus on specific console
elements and the environment.

The accumulated data presented in the article provide a basis for further research. In
further stages of the research work, the authors will focus on developing a fuzzy logic
evaluation model for any driver’s console. The implementation of such a model and then
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its verification in a simulator with interchangeable desktops can increase the safety and
efficiency of the operations performed by drivers.

Author Contributions: Conceptualization, A.K. and Ł.W.; methodology, A.K. and Ł.W.; validation,
M.K., Ł.B., D.B. and P.W.; formal analysis, Ł.W. and E.M.; investigation, M.K., Ł.B., D.B. and P.W.;
writing—original draft, Ł.W. and A.D.; writing—review & editing, A.K., Ł.W. and A.D.; visualization,
E.M.; Supervision, A.K.; project administration, ŁW. All authors have read and agreed to the published
version of the manuscript.

Funding: The article is based on research carried out as part of the project “Innovative training
system for tram drivers, based on a full-cab simulator with the application of cognitive science”
(POIR.01.01.01-00-0135/22).

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare that they have no known competing financial interests or
personal relationships that could have appeared to influence the work reported in this paper.

References
1. Symon, E.; Rzepka, P. Wypadki Drogowe w Polsce w 2022 Roku, 1st ed.; Owsiewski, P., Ed.; Wydział Opiniodawczo-Analityczny

Biura Ruchu Drogowego Komendy Głównej Policji: Warsaw, Poland, 2023.
2. Yang, H.; Liang, Y. Examining the Connectivity between Urban Rail Transport and Regular Bus Transport. Sustainability 2023, 15,

7644. [CrossRef]
3. Górnikiewicz, W. Zmiany w Strukturze Taboru Komunikacji Tramwajowej w Polsce w Latach 2004–2022. Stud. BAS 2022, 27–57.

[CrossRef]
4. Seidl, J. The Influence of the Construction of Tram Fronts on the Consequences of Accidents with Passenger Cars. Acta Polytech.

CTU Proc. 2023, 43, 93–105. [CrossRef]
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