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Enhancing antiviral capabilities of rail vehicles and air filter

The present disclosure is directed at enhancing antiviral and preferably also antibacterial

capabilities of rail vehicles.

This, in particular, concerns operating a rail vehicle so that viral infections of its occupants
are less likely. Specifically, the present disclosure concerns the technical field of operating
a rail vehicle so as to reduce a risk of viral infections and in particular of adapting an air

treatment system (e.g. a HVAC system) accordingly. Also, an air filter is disclosed for this

purpose.

Facing the recent coronavirus pandemic, many measures have been suggested for
reducing the viral spread throughout the population. A place where people from different
backgrounds and in particular households gather in close proximity to one another is

public transport and are in particular trains.

Apart from measures that occupants of trains and thus rail vehicles can carry out
themselves to reduce the risk of a virus infection (e.g. wearing masks), there is a need to

also provide measures on a technical level to further reduce said risk.

The present disclosure provides solutions to this problem as defined in the attached
independent claims. Further advantageous embodiments are defined in the attached

dependent claims.

According to a first basic concept, solutions concerning a new type of air filter for an air
treatment system and in particular air conditioning system (AC system) or HVAC system
(heating, ventilation, air conditioning system) are disclosed. The air filter may replace
currently used filters. For doing so, it may comprise the similar dimensions and/or may be
installable in same positions and/or receiving regions as currently used filters. While such
currently used filters may substantially provide dust removal functions, the presently
disclosed new type of filter advantageously provides also antiviral effects. Preferably, it

has the capability of killing (i.e. inactivating) viruses in air flows passing through the filter.

This also means that the air filter can reduce the number of viruses caught up in the filter

itself (i.e. by inactivating them). Advantageously, even clogged filters or filters with a
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reduced permeability (e.g. due to dust collection) enable a virus reduction due to viruses

trapped in or passing the filter being inactivated.

The new type of filter advantageously requires no reconstructions or hardware
adjustments on the part of the rail vehicle and in particular of its air treatment system
(such as its HVAC system). Further, it is easy to install with little or no training, in

particular when installing just like currently used (only dust-) filters.

The disclosure likewise suggests operating a rail vehicle so as to limit the number and in
particular the density or concentration of occupants (e.g. carried passengers). This way, a
close proximity of passengers may be prevented, said proximity causing a higher risk of

the passengers infecting one another.

For doing so, the number of passengers may be estimated with help of a sensor.
Preferably, the sensor measures a carbon dioxide (CO2) level and specifically a CO2
concentration within the rail vehicle and in particular the passenger compartment thereof
to infer on the number of passengers. In case the passenger concentration/number
exceeds an acceptable threshold, predetermined countermeasures may be activated.
These may generally be designed to limit the number of additional passengers entering

the rail vehicle or even preventing any further passengers from boarding.

Also, it is suggested to adjust the operation of an air treatment system and in particular
AC system or HVAC system, so as to limit risk of a viral infection of (a current or future)
occupants of the rail vehicle. Such measures are preferably implemented with little or no
people on board the rail vehicle and in particular without any passengers (e.g. at night).
For doing so, the temperature and/or fan speed of heated components (e.g. local
convection heaters and/or low-level fan heaters) of the air treatment system (e.g. AC
system or HVAC system) may be deliberately increased, so as to provide an antiviral
effect (e.g. by actuating air flows thru these heated components and inactivating/killing

viruses that are contained in air flows).

Generally, any antiviral capability disclosed herein may also be accompanied with an
antibacterial capability. Accordingly, the antiviral effect of the disclosed air filter may also

be accompanied with an antibacterial effect.
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Additionally or alternatively, the volume of returned (i.e. recirculated) air may be reduced.
In this way, the risk air-bound viruses being recirculated several times within the rail
vehicle is limited. Rather, the chances of air-bound viruses being conveyed out of the
vehicle by the air treatment system and/or exhaust air system may be increased, thereby
reducing a risk of infections for the vehicle’s occupants.

Any of the above measures can be implemented with limited or no adaptions to existing
rail vehicles input, in particular on a hardware level. Also, they do not negatively affect
passenger comfort or require any cooperation from passengers or frequent interventions
by train personnel. They may thus generally represent background measures, while still

being effective and reliable in terms of reducing a risk of infections.

Note that any of the measures disclosed herein may also be combined, e.g. by using the
disclosed air filter in a rail vehicle having an air treatment system that is operated in a
manner disclosed herein.

In general, any air treatment system as referred to herein may treat air by regulating any
of the following, alone or in any combination:
- an air temperature;
- an air flow (e.g. its strength or volume per time):
- an air exchange between the interior and exterior, e.g. of a room, compartment or
any enclosed space;
- an air purification (i.e. filtering);

- an air humidity, e.g. by humidifying and/or dehumidifying air.

In particular, an air filter for an air treatment system is suggested, the air filter having a
filter structure comprising an antiviral material, the antiviral material having particles
comprising silver (e.g. silver atoms) and the particles in particular comprising a
composition containing silver, and the antiviral material also comprising liposomes. The

particles are also referred to as silver-containing particles herein.

The filter structure may be a structure used to provide an air filtering and/or air purifying
effect apart from virus removal and in particular virus inactivation. For example, the filter
structure may comprise areas of limited permeability for matter and in particular particles.

In one example, the filter structure provides a dust removing effect.
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The filter structure may define act as a framework or carrier to which the antiviral material
attaches and/or on which the antiviral material is deposited (e.g. by way of
impregmentation). The filter structure may define the shape, stability and/or statics of the

air filter, while the air filter may generally be flexible.

The silver-containing particles may be non-nanoparticles, i.e. may be larger than a
nanoparticle. For example, a dimension and in particular diameter may at least amount to
100 or at least 1000 nanometers. In one example, the silver-containing particles are a

reaction mass of silver chloride and titanium.

The particles may be silver sulfide particles or at least contain silver sulfide, the antiviral
material thereby containing silver (e.g. silver atoms as part of the silver sulfide). The
silver-containing particles may provide an antiviral effect or, differently put, antiviral

mechanism, thereby inactivating the viruses.

As an example, the disclosed filter may generally be designed to inactivate the SARS
COV 2 virus. This virus (but also other ones) is protected by a cholesterol lipid wall. The
liposomes (i.e. vesicle vessels) start with no cholesterol and the vessels line up alongside
the virus and deplete the viral membrane of its cholesterol. This allows the silver-
containing particles and in particular silver chloride to destroy the interior and/or center of

the virus rapidly

The liposomes may in particular be fatty spherical vesicles. For example, they may be

non-phospholipid vesicles.

The air filter may be a panel filter, e.g. having a substantially planar and/or polygonal
shape. It may generally be configured to filter particulate matter and/or dust from the air.
Additionally, it may provide an antiviral effect by inactivating air-bound or, differently put,

airborne viruses.

For example, the silver-based particles may attract viruses and in particular attach thereto.
This may be prompted by sulfur contained by the particles (in particular when these
comprise or are silver sulfide). This keeps viruses within the filter, i.e. catches or captures
them.
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The liposomes may be free of any cholesterol content. They may generally be configured
to deplete the viral membrane of viruses. This may provide better and in particular faster
access of the silver-including particles to viable parts of the virus, thereby speeding up the

inactivation (see above). The liposomes may thus act as boosters for the inactivation.

According to a preferred example, the filter structure is impregnated with the antiviral
material. Apart from providing the antiviral capabilities, this also increases the stiffness of

the filter, e.g. once the antiviral material dries and/or solidifies.

In a preferred aspect, the filter structure comprises a porous and/or cellular material. For
example, the filter structure may be produced from a foam and in particular a polyether
foam. Said foam may be hardened to provide some rigidity to the filter structure, while
preferably still maintaining a certain flexibility to e.g. withstand shocks and vibrations. By
providing respective pores or cells (e.g. by using a foam material) the permeability of the

filter structure can be set to a desired level.

According to one example, the filter structure comprises a fire-retardent material, in
particular a fire-retardent impregnation. The fire-retardant material may be or comprise a
water-based latex compound and/or comprise aluminia hydrates and in particular aluminia
tri-hydrates. Note that the fire-retardant material (and in particular any of the above
exemplary components thereof) may further help to increase the stability and structural

rigidity of the filter structure.

Also suggested is an air treatment system, in particular air conditioning system or HVAC
system, of a rail vehicle, the air treatment system comprising an air filter according to any
of the above aspects. Preventing viral infections by filtering the air in the above manner is
particularly effective when used in a rail vehicle. Also, rail vehicles typically comprise an
air treatment system and specifically air treatment systems comprising air filters. Thus,
using an air filter according to one of the above aspects may require little or no technical
adaptions of the rail vehicle (i.e. the air filter may be inserted into the existing air treatment

system with little or no adjustments to said systems).
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Also suggested is the use of an air filter according to any of the above aspects in an air
treatment system of a rail vehicle, in particular in an air conditioning system or HVAC

system of a rail vehicle.

Further, a method for producing an air filter is disclosed, in a particular an air filter
according to any of the above aspects, the method comprising:
- providing a filter structure;
- exposing the filter structure to an antiviral material having particles comprising
silver, in particular a composition containing silver, and the antiviral material

comprising liposomes.

The production process may include the air filter passing under a number or spray nozzles
e.g. on a conveyor belt set to a specific speed. As the filter passes under the nozzles the
additive is preferably atomized through the nozzles and projected into the filter. The
velocity of the additive may force it to penetrate into the air filter. The relationship
between the speed of the conveyor and the flow rate of the additive may be used to
control the scope or extent of impregnation (e.g. an impregnation percentage or ratio).
Once impregnated the filters are preferably placed into an oven to speed up the curing

process. As an example, 80°C for 20 minutes has provided the good results.

Also disclosed is a method for operating a rail vehicle. According to said method, a
passenger (i.e. occupant) number and/or a virus concentration is estimated or inferred on
based on measurements by at least one sensor of the rail vehicle. It is then determined
based on the passenger number, whether a predetermined critical condition is fulfilled and
if that is the case, at least one predetermined countermeasure is prompted. Said
countermeasure is preferably directed at preventing a further increase in the passenger
number.

In more general terms, a method of operating a rail vehicle is disclosed, comprising:

- determining whether a predetermined critical condition is fulfilled based on a
sensor measurement of at least one sensor of the rail vehicle, the sensor
measurement being representative of a passenger number and/or a virus
concentration, and, if the condition is fulfilled:

- prompting at least one predetermined countermeasure for preventing a further

increase of the passenger number.
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According to a preferred aspect, the predetermined critical condition may be fulfilled if the
passenger number, the sensor measurement or a parameter determined based on any of
the above exceeds a predetermined acceptable threshold. Generally, the predetermined
critical condition may be a condition that is fulfilled when the passenger number or
passenger concentration within the rail vehicle is unacceptably high. In this case, an
increased risk of viral infections between the passengers occurs since a recommended

distance between two individuals is difficult to maintain.

Any method disclosed herein may be carried out automatically and/or in a computer
implemented manner. No manual input may be required and all steps may be carried out
e.g. by a control unit of the rail vehicle or, as discussed below, of a train station or end
device. On the other hand, a vehicle driver or personnel at the train station may be asked

for confirmation, e.g. before a respective countermeasure is initiated.

In one example, the countermeasure may be implemented in the rail vehicle. For
example, visual (e.g. by text) or audible notifications may be issued reminding passengers
to keep a minimum distance from one another. Also, passengers may be motivated to
leave the rail vehicle at an upcoming station. Further, visual or audible notifications may
be issued that are directed at preventing further passengers at an upcoming rail station

from entering the rail vehicle, e.g. by flashing lights installed at the vehicle’s doors.

Additionally or alternatively, the countermeasure may be implemented outside of the rail
vehicle. In this case, the rail vehicle may comprise a communication unit. The
communication unit may be configured to communicate with at least one communication
unit outside of the vehicle. It may alert said external communication unit in case the above
critical condition is met and/or it may prompt said external communication unit to initiate

the countermeasure.

The external communication unit may be part of the computer network and/or a computer
server system (e.g. a centralized computer system of a train operator). It may be
configured to, directly or indirectly, communicate with a control unit responsible for
implementing the countermeasure or directly implement the countermeasure itself. Again,

this may be done largely or fully automatically, so that a countermeasure can be remotely
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triggered by the rail vehicle. Still, human verification may be requested before the

countermeasure is actually implemented.

The sensor may be a weight sensor, designed to determine the weight of the rail vehicle
and in particular its current passenger load. For example, it may be a brutto weight sensor
comprised by a suspension and in particular an air spring system. The passenger load
may be a direct function of the passenger number. Alternatively, seat sensors us may be
used to count occupied seats and thereby infer on a passenger number. Also, face
recognition techniques (e.g. based on indoor camera systems) and/or entrance door

counting systems may be used.

Preferably, however, the sensor is a carbon dioxide (CO2) sensor. This way, passengers
may also be captured regardless of whether they are standing or sitting. Also, this
measurement may be more reliable and is simpler to implement compared to using weight
sensors. Often, air treatment systems and in particular HVAC systems already comprise
CO2 sensors to e.g. regulate an amount of fresh air that is channeled into a passenger
compartment. Thus, using CO2 sensors to infer on the passenger number may require
little or no adjustments on a hardware level. Further, it has been determined that CO2
levels reliably represent passenger numbers. For example, they may adjust to changing

passenger numbers within a matter of minutes.

Based on e.g. measurements or calculations, a link between a measured CO2
concentration and a passenger number may be determined upfront. Thus, a CO2 level
(e.g. in units of parts per million) measured during operation may be associated with a

certain passenger number e.g. by a stored table or mathematical function.

In one example, the countermeasure is implemented in a rail station, in particular an
upcoming rail station that is approached by the rail vehicle. For doing so, the rail vehicle
may directly or indirectly alert a control unit associated with and/or installed at said rail
station. This latter control unit may then activate the countermeasure by sending control

signals to units and/or actuators responsible for carrying out the countermeasure.

According to one example, the countermeasure comprises closing and/or locking of
platform screen doors or other access restricting devices (e.g. gates or barriers) which

restrict the access to the train station from a platform of the rail station. In a generally
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known manner, the platform may comprise a closed wall with screen doors, wherein a
train can only be accessed via said screen doors. The train may stop so that its doors are

positioned directly behind said screen doors.

There may be two platforms on different sides of the train both comprising such screen
doors. One platform may be provided for passengers wanting to enter the train and the
other (preferably opposite) platform may be provided for passengers exiting the train. In
this case, the screen doors may only open at the latter platform. They may remain closed

at the platform with passengers wanting to enter the train.

Additionally or alternatively, the countermeasure may comprise an automatic issuing of
visual/optical and/or audible notifications (in particular warnings) within the train station.
Again, said warnings may be directed at preventing passengers from entering the train, so

as to not further increase the passenger number.

Further, countermeasures may be implemented on an end device (e.g. a computer unit,
such as a PC), in particular a mobile end device (e.g. a smartphone), said end device
being accessible by (e.g. associated with, operated and/or owned by) a customer (e.g. a
potential passenger, interested in using a train). Again, the countermeasure may e.g. be a
visual (e.g. via text and/or icons) or audible notification, indicating that an upcoming train

should e.g. not be accessed due to a high passenger load.

Alternatively, a rail vehicle having a respectively high passenger load may be rendered
inactive within a booking system or a trip planning software that is run on and/or

accessible with the end device.

Further disclosed is a rail vehicle comprising at least one sensor and at least one control
unit, wherein the control unit is configured to:

- determine whether a predetermined critical condition is fulfilled based on a sensor
measurement of the sensor, the sensor measurement being representative of a
passenger number and/or virus concentration,
and, if the condition is fulfilled:

- prompt at least one predetermined countermeasure for preventing a further

increase of the passenger number.
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The disclosure also concerns a method of operating an air treatment system of a rail
vehicle, the air treatment system treating air volumes supplied to a passenger
compartment of the rail vehicle, the method comprising: operating the air treatment
system in an anti-infection mode. In said mode, the air treatment system may provide an

effect to reduce the risk of a viral infection of occupants of the rail vehicle.

In said anti-infection mode, other goals and/or regulating parameters usually used for
controlling an air treatment system may not be applied and/or may be prioritised to lesser
degree. For example, maintaining a temperature or humidity level may no longer be the
main goal or set value for operating the air treatment system. Rather, the antiviral effect
may be prioritised and e.g. tolerances with regard to a temperatures or humidity levels

that are to be maintained may be increased.

In this context, the anti-infection mode may comprise a temperature increase of (and in
particular within) the air treatment system at least up to a predetermined temperature level
and exposing air volumes treated by (e.g. flowing through) the system to said temperature
level. The temperature level may be a maximum temperature level that the air treatment
system can apply and/or may at least amount to 70% of said maximum temperature level.
Preferably, the temperature level amounts to at least 40° C, at least 100° C or at least
200° C.

For providing the temperature increase, at least one heatable unit of the air treatment
system may be set to a respectively increased temperature. Air volumes treated by the air
treatment system may be channeled along and/or through said heatable unit, thereby
being exposed to the increased temperature. This way, airborne viruses will be subjected
to temperatures which can cause their inactivation. Nonetheless, the air treatment system
may not be operated (e.g. (feedback) controlled to set a specific temperature e.g. in a
passenger compartment). Rather, the focus may be to heat up the system internally to

achieve the desired inactivation effect.
To the contrary, the typical function of a conventional HVAC system is filtering fresh air

and/or return air before passing it to the saloon or passenger compartment of a rail

vehicle. Any active cleaning of the interior and/or interior air is not considered.

10
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The present disclosure instead suggests using an existing air treatment system and in
particular HVAC system to perform a new air cleaning function. For doing so, apart from
the temperature increase, an interior air flow may be set to a high level (e.g. at least 75%
of a possible maximum level), thereby boosting the air volume flow of interior air within the
cabin. The interior air flow may generally concern air that is feed and/or blown by the air

treatment system into the rail vehicle, e.g. (re)circulated air.

Additionally, the temperature increase may be provided e.g. in or by a central HVAC unit
of the air treatment system and/or with help of optional local or distributed fan heaters that
are comprised by the air treatment system. This results in purifying the interior air and/or
the interior (e.g. when coming into contact with the heated air which may help to inactivate

viruses) from viruses.

Note that in this context, a share of fresh air taken in by the air treatment system from the
exterior may be less than a share of recirculated air (e.g. less than half or less than a
quarter). Preferably, no fresh air is taken it at all. This enables a particularly fast
temperature increase that can be maintained at high levels for a desired period of time.
Thus, in a preferred example, an interior air flow largely or fully consists of recirculated air
which, due to the temperature increase, helps to purify the rail vehicle’s interior of viruses

and preferably of bacteria as well.

Preferably, the temperature increase is automatically activated. It may also be manually
activated with, however, the possibility of an automatic activation preferably still being
present. Thus, it can be ensured that the antiviral effect is provided independently of

actions (and in particular missing actions) of e.g. a train conductor.

The automatic activation may e.g. take place when at least one of the following conditions
is fulfilled (alone or in any combination), wherein each of the conditions may be
automatically checked and/or verified by a control unit of the rail vehicle and in particular

of its air treatment system:

- The rail vehicle is at standstill and/or free of any persons (e.g. passengers, train
staff, maintenance crew). This may be determined based on an operating state of
a traction system (in particular an inactive state thereof) and/or via speed sensors

of the rail vehicle. The presence of passengers, on the other hand, may be inferred

11



WO 2022/037807 PCT/EP2021/052786

on via any of the sensor measurements for determining passenger numbers
discussed above (e.g. a CO2 sensor). In case these measurements are below a

defined threshold, an absence of passengers may be determined.

- A control unit of the rail vehicle determines the rail vehicle being at least
temporarily out-of-service and/or being in a parked state. For doing so, operating
parameters of the rail vehicle may be checked and in particular of its traction
system. Similarly, the presence of a train conductor and/or possible inputs of the
train conductor may be checked. Also, timetable information may be used which
may indicate whether or not the vehicle should be in or out-of-service. Additionally
or alternatively, a location of the rail vehicle may be determined. If it is at standstill
on a track section typically dedicated for parking, cleaning or maintenance, an out-
of-service-state may be determined.

- Atimetable indicating the rail vehicle being out of service may likewise be used or
verified as a condition. Similar to above, a control unit may use the timetable to

determine whether the rail vehicle is currently out of service.

- A measurement by at least one sensor (e.g. any of the disclosed sensors for
estimating passenger numbers), indicating a passenger number below of a
predetermined threshold. The threshold may be one passenger, i.e. may be fallen
below of when the passenger number is zero. Considering such a low threshold is
advantageously implemented with help of seat sensors, door sensors or based on

face recognition via interior cameras.

According to a preferred embodiment, the anti-infection mode comprises reducing a share
of air that is recirculated by the air treatment system within a passenger compartment of
the vehicle. The recirculated air may also be referred to as return air. It may be a share of
an air volume or air flow channeled through (e.g. sucked in by and/or expelled from) the
air treatment system. It may be sucked in from within the passenger compartment, but
may be returned to said passenger compartment (and thus recirculated) instead of being
channeled into the exterior.

It is generally known to operate air treatment systems so that a respective recirculation

takes place. Yet, according to this embodiment, the recirculation is specifically adapted so

12
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as to provide an antiviral effect and, more specifically, to reduce a concentration of viruses
in the air within the rail vehicle and in particular its passenger compartment.
This is done by reducing an amount of recirculated air, thereby avoiding that airborne

viruses are recirculated multiple times within the passenger compartment.

Instead, as a further separate measure, the share of air that is expelled into the exterior
may be increased and/or the share of air that is sucked in from the exterior (i.e. the share

of fresh air) may be increased.

More precisely, at least one of the following may additionally be provided:

- Increasing a volume of fresh air being taken in (i.e. sucked in and/or channeled in)
from the surroundings or exterior. In this case, a previous ratio of fresh air and
recirculated air is preferably not maintained, i.e. the recirculated air is not
correspondingly increased but preferably maintained at a similar or lower level
than before. This way, the fresh air can replace a lack of recirculated air, so as to
avoid pressure drops. At the same time the risk of an increased virus

concentration within the passenger compartment’s air is limited.

- Reducing a volume of recirculated air, while not maintaining a previous ratio of
fresh air and recirculated air. In this case, the volume of recirculated air is actively
reduced while the volume of fresh air may be maintained or, as above, may

deliberately be increased.

The disclosure also relates to a rail vehicle comprising an air treatment system that is
operable according to a method of any of the above aspects relating to an anti-infection

mode.

In the following, embodiments of the invention will be discussed with reference to the
attached schematic figures. Similar features and in particular features providing similar
functions may be provided with the same reference signs throughout the figures.
Embodiments discussed in connection with the figures may be combined in any suitable

form.

Figure 1 depicts an air filter according to an embodiment of this disclosure.

13
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Figure 2 depicts a rail vehicle implementing methods according to various

embodiments of this disclosure.

Figure 1 depicts an air filter 10 according to an example of this disclosure. The air filter 10
is configured as a panel filter having a flat, planar and, as a mere example, rectangular

shape.

The filter 10 comprises a filter structure 11 or, differently put, is made up of and/or
structurally defined by said filter structure 11. In the shown example, the filter structure 11

is a hardened polyether foam providing in a network of schematically indicated pores.

The air filter 10 is installed in an air treatment system of e.g. a building or a vehicle and
preferably in the rail vehicle 15 of figure 2. When installed, the air filter 10 is positioned in
such a manner that an airflow passes through the filter 10 as indicated by a respective
arrow F. Accordingly, the air passes through the porous filter structure 11 from one side of
the filter 10 to the other. Dust contained in the air may thus be caught by the filter

structure 11, thereby being filtered out of the airflow.

The filter 10 also comprises an anti-viral material 13. Specifically, the filter structure 11 is
impregnated with an anti-viral material 13 comprising particles containing silver and

further comprising liposomes, e.g. in form of fatty vesicules.

When the air passes through the filter 10 as indicated in figure 1, the above discussed
antiviral effects may occur. Viruses contained in said airflow may interact with and in

particular be inactivated by the anti-viral material 13.

Figure 2 depicts a rail vehicle 15. The rail vehicle 15 is a multi-car commuter train. It may
generally comprise any number of cars, i.e. may be a train of arbitrary length and
capacity. Alternatively, the rail vehicle 15 may be a single car, single locomotive or single

motor car.
The rail vehicle 15 comprises an air treatment system 12 in form of a roof-mounted

HVAC-system. The air treatment system 12 is generally configured to regulate a supply

air flow with different shares of fresh air (from the exterior) and return air, also referred to

14
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as recirculated air (e.g. returned to and/or stemming from the interior of a passenger
compartment 14 of the rail vehicle 15). Accordingly, it may also recirculate air within the

passenger compartment 14, while e.g. guiding it through a filter 10 as indicated in figure 1.

In the shown example, the rail vehicle 15 and, as a preferred option, its air treatment
system 12 comprises at least one CO2 sensor 16. The CO2 sensor 16 is configured to
measure a CO2 level (and specifically a concentration) within the passenger compartment
14. It is connected to a control unit 18 of the rail vehicle 15 by a dashed communication
line. The control unit 18 may comprise or be connected to a non-specifically illustrated

communication unit (e.g. a mobile or radio communication unit).

In case the control unit 18 determines that the CO2 measurements of the sensor 16
exceed a predefined threshold indicating an unacceptably high passenger number, a
critical condition is met. A signal is then sent to an external communication unit 20. This
can be done directly or by indirectly sending the signal to a centralised communication

system (e.g. of the train operator) which then alerts the communication unit 20.

The communication unit 20 may be provided at an upcoming rail station 22. When
receiving the signal, any of the above countermeasures can be initiated at the rail

station 22 to prevent a further increase of passengers in the rail vehicle 15.

By sending the signal to the external communication unit 20 (either directly or indirectly),
the rail vehicle’s 15 control unit 18 prompts the implementation or activation of a

countermeasure e.g. at the rail station 22.

The rail vehicle 15 may, additionally or alternatively, be operated in an anti-infection mode
as follows: When at standstill, in particular for at least a defined minimum time, the control
unit 18 may determine that the rail vehicle 15 is at least temporarily out of service. Any of
the above alternative approaches for determining such a state may equally be
implemented. When this determination has been made, the air treatment system 12 may
be operated so that at least one heatable unit therein is set to a maximum temperature.
Then, air within the passenger compartment 14 is channeled through the air treatment
system 12 and exposed to the heatable unit and its increased temperature. This way,

airborne viruses can be inactivated. Preferably, the share of recirculated air in this case
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outweighs the share of fresh air from the exterior. In one example, no fresh air is taken in

from the exterior at all.

Still further, the rail vehicle 15 may, additionally or alternatively, be operated in an anti-
infection as follows, in particular when being in service: The air treatment system 12 is run
so as to reduce a level of recirculated return air (indicated by an arrow C). This way, air
volumes potentially containing airborne viruses are less likely to be recirculated multiple

times within the rail vehicle 15.

Instead, the share of air expelled back into the surroundings (as indicated by an arrow E)
may be increased. Additionally or alternatively, the share of fresh that is sucked in from
the surroundings may be increased (as indicated by arrow F). The latter may replace the
reduced share of recirculated air C and/or the increased share of expelled air E. this way,
a desired pressure level can be maintained within the passenger compartment 14. Thus,
the ratio of recirculated air C and fresh air F may not be maintained, but the share of fresh

air F may deliberately be increased.

Note that adjusting shares and volumes of the various air flows C, F, E can be achieved

according to known principles and e.g. by operating suitably placed fans accordingly.
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Patent Claims

1. Air filter (10) for an air treatment system (12),
the air filter (10) having a filter structure (11) comprising an antiviral material (13),
the antiviral material (13) having particles comprising silver and in particular comprising a

composition containing silver, and the antiviral material (13) also comprising liposomes.

2. Air filter (10) according to claim 1,
characterised by the filter structure (11) being impregnated with the antiviral material (13).

3. Air filter (10) according to any of the above claims,
characterised by the filter structure (11) comprising a porous material and/or a cellular

material.

4. Air filter (10) according to any of the above claims,
characterised by the filter structure (11) comprising a fire-retardent material, in particular

a fire-retardent impregnation.

5. Air treatment system (12), in particular air conditioning system or HVAC system, of a

rail vehicle (15), comprising an air filter (10) according to any of the above claims.

6. Use of an air filter (10) according to claims 1 to 4 in an air treatment system (12) of a
rail vehicle (15), in particular in an air conditioning system or HVAC system of a rail
vehicle (15).

7. Method for producing an air filter (10), comprising:
- providing a filter structure (11);
- exposing the filter structure (11) to an antiviral material (13) having particles
comprising silver, in particular a composition containing silver, and the antiviral

material (13) comprising liposomes.
8. Method of operating a rail vehicle (15), comprising:

- whether a predetermined critical condition is fulfilled based on a sensor

measurement of at least one sensor (16) of the rail vehicle (15), the sensor
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measurement being representative of a passenger number and/or a virus
concentration, and, if the condition is fulfilled:
- prompting at least one predetermined countermeasure for preventing a further

increase of the passenger number.

9. Method according to claim 8,

characterised by the countermeasure being implemented outside of the rail vehicle (15).

10. Method according to claim 9:
characterised by the countermeasure being implemented in a rail station (22), in particular

an upcoming rail station (22) approached by the rail vehicle (15).

11. Method according to claim 10,
characterised by the countermeasure being one of:
- aclosing and/or locking of platform screen doors or other access restricting
devices, that restrict the access to the rail vehicle (15) from a platform of the rail
station (22);
- an automatic issuing of visible, optical and/or audible warnings within the train
station (22).

12. Method according to claim 8,
characterised by the countermeasure being implemented on an end device, in particular a

mobile end device, accessible by a rail system customer.

13. Rail vehicle (15),
comprising at least one sensor (16) and at least one control unit (18), wherein the control
unit (18) is configured to:
- determine whether a predetermined critical condition is fulfilled based on a sensor
measurement of the sensor (16), the sensor measurement being representative of
a passenger number and/or virus concentration,
and, if the condition is fulfilled:
- prompt at least one predetermined countermeasure for preventing a further

increase of the passenger number.
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14. Method of operating an air treatment system of a rail vehicle (15), the air treatment
system (12) treating air volumes supplied to a passenger compartment (14) of the rail
vehicle (15),
the method comprising:
- operating the air treatment system (12) in an anti-infection mode in which the air
treatment system (12) provides an effect to reduce the risk of a viral infection of

occupants of the rail vehicle (15).

15. Method according to claim 14,
characterised by the anti-infection mode comprising a temperature increase of the air
treatment system at least up to a predetermined temperature level and exposing air

volumes treated by the system to said temperature level.

16. Method according to claim 15,
characterised by the temperature level being at least 40° C, at least 100° C or at least

200° C.

17. Method according to claim 15 or 16,
wherein the temperature increase is automatically and/or regularly activated.

18. Method according to claim 17,
wherein the automatic activation takes place when at least one of the following conditions
is fulfilled:

- the rail vehicle (15) is at standstill and free of any persons;

- acontrol system (18) of the rail vehicle (15) detecting an inactive and/or a parked
state of the rail vehicle (15) and/or that the rail vehicle (15) is at least temporarily
out-of-service;

- atimetable indication the rail vehicle (15) being out of service;

- ameasurement by at least one sensor (16), in particular a carbon dioxide sensor,

indicating a passenger number below a predetermined threshold.

19. Method according to claim 14,

characterised by the anti-infection mode comprising reducing a share of air (C) that is
recirculated by the air treatment system (12) within a passenger compartment (14) of the
vehicle (15).
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20. Method according to claim 19,
characterised by further including at least one of:
- increasing a volume of fresh air (F) being taken in from the surroundings, while not
maintaining a previous ratio of fresh air and recirculated air;
- reducing a volume of recirculated air (C), while not maintaining a previous ratio of

fresh air (F) and recirculated air (C).

21. Rail vehicle (15) comprising an air treatment system (12) that is operable according to

a method of any of claims 14 - 20.
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