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air quality system, comprising steps of: obtaining outside pollution data, indicative of pollution
level outside the vehicle's cabin; obtaining vehicle parameters data, indicative of vehicle opera-
tion; estimating weight of the filter using the obtained data, matching the estimated weight with
a predefined clogging level; outputting the filter clogging level.
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A COMPUTER IMPLEMENTED METHOD AND A SYSTEM FOR ESTIMATION OF
FILTER CLOGGING

FIELD OF THE INVENTION

The invention relates to a computer implemented method and a system for
controlling vehicle cabin air quality. In particular, the invention relates to estimation of

filter clogging in the vehicle cabin air quality system.

BACKGROUND OF THE INVENTION

Air pollution is a serious concern for people because of its harmful effects to health —
both in physical and psychological sense. Passengers travelling in vehicles are
especially at risk, as the vehicles are part of traffic existing in urbanized areas, which
tend to have higher concentration of air pollution and higher levels of pollutant gases

and particles.

One way of remedying this disadvantageous situation is development of cabin air
quality systems in order to prevent or limit exposure of vehicle passengers to polluted
air. In particular, such systems comprise a filter for the air which is introduced into the
cabin. Such filters should be replaced relatively often, because the normal operation
leads to their gradual clogging. This deteriorates their operation to the disadvantage
of the passengers. Manufacturers suggest replacing the filters either periodically, e.g.
once or twice a year, or according to distance travelled by the vehicle, e.g. each
13000km. Such guidance is however not optimal, as the filter can become clogged
prior to the scheduled maintenance, for instance in highly polluted areas. Similarly, it
can happen that during maintenance it is discovered that the filter is in satisfactory
condition and could be utilized for a longer period, for instance if the vehicle travels

predominantly in areas of very low pollution.
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Pollution levels are monitored by government agencies and private entities. The
measurements are often provided in form of so called pollution maps. For example, a
layer of visually represented information is added to a classic map, so that pollution
concentration within a specific area or region can be determined and evaluated. Such
maps usually have low time-resolution, which means that the information is updated
relatively rarely, for example once an hour or once a day. Pollution map data is
obtained for example by measuring pollution with a number of measuring stations or

pollution measurement devices of a fixed position.

Further, vehicles can be equipped with pollution sensors and be adapted to provide
pollution level values based on real-time and/or aggregated measurements, be it
inside the vehicle cabin or outside of the vehicle, in its immediate vicinity.

It would be advantageous to provide a method and a system which would allow for
estimating the clogging of filters, so that a timely servicing can be performed when it

is really needed.

SUMMARY OF THE INVENTION

The object of the invention is, among others, a computer-implemented method for
estimation of filter clogging in a vehicle air quality system, comprising steps of:
obtaining outside pollution data, indicative of pollution level outside the vehicle’s
cabin; obtaining vehicle parameters data, indicative of vehicle operation; estimating
weight of the filter using the obtained data; matching the estimated weight with a

predefined clogging level; outputting the filter clogging level.

Preferably, the method comprises a step of calibrating the system, in which the

estimated filters weight is compared with a measured filters weight.

Preferably, the outside pollution data comprise values measured by vehicles pollution

sensors.

Preferably, the outside pollution data comprise values obtained from pollution map

data.
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Preferably, the method comprises a step of obtaining cabin pollution data, indicative
of pollution level inside the vehicle’s cabin.

Preferably, the vehicle parameters data comprises vehicle air quality system

parameters.

Preferably, the vehicle air quality system parameters are selected from a group
comprising: air mass flow through HVAC, recirculation rate of air mass flow, filter

parameters, concentration/separation of the cabin.

Preferably, the filter parameters comprise filter separation efficiency and/or active

area of the filter.

The object of the invention is also a system for estimation of filter clogging in a
vehicle air quality system, comprising: communication means configured to obtain
outside pollution data, indicative of pollution levels within a defined area in which a
vehicle is located, and navigation data, representative of geographical position of the
vehicle; control means configured to obtain vehicle parameters data, indicative of
vehicle operation, estimate weight of the filter using the obtained data and to match
the estimated weight with a predefined clogging level; output means configured to

execute the determined action.

Preferably, the system further comprises pollution sensing means adapted to be
mounted on a vehicle, comprising a pollution sensor, configured to provide sensor

measurement pollution data.

Preferably, the control means are adapted to compare estimated filter weight with a

measured filters weight.

Preferably, the communication means are adapted to provide internet connection for

the system, in particular to cloud computing services.

Preferably, the communication means are adapted to communicate with other

systems according to the invention and exchange data.
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The object of the invention is also a computer readable storage medium storing a
program of instructions executable by a machine to perform a method as described

above.

BRIEF DESCRITPTION OF DRAWINGS

Examples of the invention will be apparent from and described in detail with

reference to the accompanying drawings, in which:

Fig. 1 shows a method according to the invention;
Fig. 2 shows a system according to the invention;

Fig. 3 shows an example of output means for the system.

DETAILED DESCRIPTION OF EMBODIMENTS
Fig. 1 shows a flowchart presenting the method according to the invention.

Firstly, the method comprises obtaining 110 outside pollution data, indicative of
pollution level outside the vehicle’s cabin. The outside pollution data can be obtained
from a data provider, and be indicative of pollution levels within a defined area in
which a vehicle is located. The perimeter of the area is defined based on existing
conditions, and the requirements of the system. The outside pollution data can be a
pollution map data, which is indicative of air pollution levels within the specified area.
Such pollution map data can comprise information on particulate matter levels,
carbon monoxide, sulfur oxides, nitrogen oxides, ozone, spread over a defined
geographical area. It can also relate to AQI (Air Quality Index) value calculated for
the specified area. The outside pollution data may also comprise values measured by

vehicles pollution sensors.

Optionally, the method can comprise a step of obtaining cabin pollution data,
indicative of pollution level inside the vehicle’s cabin.
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In the next step, the method comprises obtaining 120 vehicle parameters data,
indicative of vehicle operation. In particular, the vehicle parameters data may
comprise vehicle air quality system parameters. The vehicle air quality system
parameters may be selected from a group comprising: air mass flow through HVAC,
recirculation rate of air mass flow, filter parameters, separation of the cabin. By
separation of the cabin it is meant the ratio between pollutants entering the cabin and
pollutants leaving the cabin back into the recycling air flow. The filter parameters may
comprise filter separation efficiency and/or active area of the filter. In other words, the
filter separation efficiency and the active area of the filter may be combined into a

single parameter.

In the next step, the method comprises estimating 130 weight of the filter using the
obtained data. The estimation function can associate the clogging of the filter with the
weight of the filter. Thus, the estimated weight of the filter will be indicative of its
clogging level. The estimation function can take into account the outside pollution

data and the vehicle parameters data. In general, the formula can be presented as:
Clogging = f(AQlout ; AQIin ; Mair; Y%rect ; Wruter; Srurer; Cabin filtration)

where: AQlout is pollution level outside, either measured by sensor or obtained from
pollution data provider; AQlin is pollution level inside the cabin, measured by sensor;
Mair is air mass flow through HVAC; %reci is recirculation rate of air mass flow; ufilter
is filter separation efficiency; Sfilter is active area of filter; Cabin filtration is

concentration/ separation of the cabin.

It is to be noted that although AQlout and AQIlin relate to AQI values, they may as
well relate to PM1, PM2.5, PM10, NOx, CO, CO2, SO2, Ozone, VOC (Volatile

Organic Compounds), allergens and others.

Initially, if the amount of collected data is not sufficient, the method can use a

simplified formula:
Clogging = f(km ; time ; AQlout)

where km is kilometers travelled since last filter replacement or first installation, time
is for example number of days since last filter replacement or first installation, and
AQIlout is pollution level outside, either measured by sensor or obtained from

pollution data provider, or both.
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The coefficients necessary to estimate filter weight based on obtained data (for
example the abovementioned parameters) can be evaluated and updated during a
step of calibrating 145 the system, in which the estimated filters weight is compared

with a measured filters weight.

In general:

i

ij

where Xi and Xj are above described parameters, while ai and Bij are identified by
filter weighing. By taking into account filter parameters, vehicle parameters and
pollution data we can model clogging of the filter by functions with parameters which
can be identified by filter weighing at each car review. By multiplying data, the
clogging function will be more and more accurate for each combination of filter and

vehicle type.

In the next step, the method comprises matching 140 the estimated weight with a
predefined clogging level. The clogging levels can be stored in the system and be

associated with a determined weight, for example with particular weight ranges.

In the next step, the method comprises outputting 150 the filter clogging level. The
outputting 150 can be carried out directly into the vehicle air quality system so that it
can adapt its operation parameters. Further or alternatively, the clogging level can be
outputted to visual indication components of the vehicle, so that the vehicle user can

be informed about the need to replace the filter.

Fig. 2 presents a schematic representation of a system according to invention. The
system comprises communication means 410, control means 430 and output means

440. Additionally, the system can comprise pollution sensing means 420.

The communication means 410 are adapted to receive and send wireless signals,
such as navigation signals, for example GPS signals or the like. In particular, the
communication means 410 are adapted to obtain outside pollution data, indicative of
pollution levels within a defined area in which a vehicle is located, and navigation

data, representative of geographical position of the vehicle. The communication
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means 410 can be adapted to provide internet connection to the system, in particular
to cloud computing services. All received data is supplied to and from control means
430. The communication means 410 may be also adapted to communicate with other
vehicles comprising system according to the invention, for example via internet or by

other means, so that data can be exchanged.

The pollution sensing means 420 comprise pollution sensors which measure air
pollution levels outside the vehicle, in its immediate vicinity. Further, the pollution
sensing means 420 can comprise pollution sensors adapted to measure pollution
level inside vehicles cabin.

The control means 430 are adapted to receive data from pollution sensing means
420 as well as from the communication means 410. Additionally, the control means
430 are adapted to obtain vehicle parameters data, indicative of vehicle operation.
For example, the control means 430 are adapted to obtain the vehicle parameters
data relating to vehicle air quality system components. The vehicle air quality system
parameters may be selected from a group comprising: air mass flow through HVAC,
recirculation rate of air mass flow, filter parameters, separation of the cabin. The filter
parameters may comprise filter separation efficiency and/or active area of the filter.

The control means 430 are also adapted to estimate weight of the filter using the
obtained data and to match the estimated weight with a predefined clogging level.
The control means 440 can comprise memory for storing the obtained data, as well
as the estimate function data and predefined clogging levels associated with
estimated weight. The memory can also store calibration parameters and

instructions.

The output means 440 can be carried out in form of a direct link to the vehicle air
quality system, enabling incorporation of the clogging level into its operation. Further,
the output means 440 can in form of visual input/output device. Filter clogging may
be directly linked with filter efficiency, and outputted as such. The user or the system
may thus be prompted with a warning on low filter efficiency and suggestion for
replacement. The suggestion to the user may be linked with an option for ordering
the replacement directly from replacements parts provider.
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Fig. 3 shows an example of output means for the system. In particular, it presents a
visual input/output device in form of mobile phone 441. The information on filter, such
as its reference name and efficiency level are presented to the user. Additionally,
because the efficiency (i.e. clogging) is at dangerous level, an option to order the

replacement filter is presented.

Another outputted information can be a count of days until the filter becomes too
clogged. This count can change dynamically depending on the outside pollution and

on the clogging estimation.

The invention allows to avoid the necessity of measuring the air pressure drop with
differential pressure sensors to determine clogging level of the filter. The overall cost

of the vehicle with the vehicle air quality system can thus be reduced.

It is envisaged that the communication means are also adapted to obtain
supplemental data from other vehicles with the system according to the invention.
This might be the case especially for vehicles with identical or similar configuration,
identical or similar age, and/or operating in the same or similar area, subject to the
same or similar pollution levels. To make the system more robust, the data collection
may be done on the same family of vehicle equipped with the same filter type.
Thanks to multiplication of data for same filter for the same car model in the same
area, which allows to obtain similar pollution exposures, it becomes possible to
improve the adjustment between filter weight estimation and the measured filter
weight. The aijand Bij are not only adjusted thanks to the few weight measurements
done on the filter at each car review for a single car, but they can be adjusted based
on collective weighing of the fleet. The collective measurements become the data

base of formula with aijand Bi;for each filter of each car model.

It is understood that embodiments of the present invention can be carried out in form
of hardware, software or a combination of both. Any such software can be stored in
the form of a volatile or non-volatile storage, for example a storage like a ROM,
whether erasable or rewritable or not, or in the form of memory such as, for example
RAM, memory chips, device or integrated circuits or an optically or magnetically
readable medium such as, for example, a CD, DVD, magnetic disk or magnetic tape.
It is understood that the storage devices and storage media are embodiments of
machine-readable storage that are suitable for storing program or programs that,
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when executed, implement embodiments of the present invention. Accordingly,
embodiments provide a program comprising code for implementing a system or
method as described and a machine readable storage storing such a program.
Further, embodiments of the present invention may be conveyed electronically via
any medium such as a communication signal carried over a wired or wireless

connection and embodiments suitably encompass the same.

Other variations to the disclosed embodiments can be understood and effected by
those skilled in the art in practicing the claimed invention, from a study of drawings,
the disclosure, and the appended claims. The mere fact that certain measures are
recited in mutually different dependent claims does not indicate that a combination of
these measures cannot be used to the advantage.
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Claims

1. A computer-implemented method for estimation of filter clogging in a vehicle

air quality system, comprising steps of:

- obtaining 110 outside pollution data, indicative of pollution level outside the
vehicle’s cabin;

- obtaining 120 vehicle parameters data, indicative of vehicle operation;
- estimating 130 weight of the filter using the obtained data;
- matching 140 the estimated weight with a predefined clogging level;

- outputting 150 the filter clogging level.

2. A method according to claim 1, wherein it comprises a step of calibrating 145
the system, in which the estimated filters weight is compared with a measured filters
weight.

3. A method according to any preceding claim, wherein the outside pollution data

comprise values measured by vehicles pollution sensors.

4. A method according to any preceding claim, wherein the outside pollution data
comprise values obtained from pollution map data.

5. A method according to any preceding claim, wherein it comprises a step of

obtaining cabin pollution data, indicative of pollution level inside the vehicle’s cabin.
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6. A method according to any preceding claim, wherein the vehicle parameters
data comprises vehicle air quality system parameters.

7. A method according to claim 6, wherein the vehicle air quality system
parameters are selected from a group comprising: air mass flow through HVAC,

recirculation rate of air mass flow, filter parameters, separation of the cabin.

8. A method according to claim 7, wherein the filter parameters comprise filter

separation efficiency and/or active area of the filter.

9. A system for estimation of filter clogging in a vehicle air quality system,

comprising:

- communication means 410 configured to obtain outside pollution data, indicative of
pollution levels within a defined area in which a vehicle is located, and navigation

data, representative of geographical position of the vehicle;

- control means 430 configured to obtain vehicle parameters data, indicative of
vehicle operation, estimate weight of the filter using the obtained data and to match

the estimated weight with a predefined clogging level;

- output means 440 configured to execute the determined action.

10. A system according to claim 9, further comprising pollution sensing means 420
adapted to be mounted on a vehicle, comprising a pollution sensor, configured to

provide sensor measurement pollution data.

11. A system according to any preceding claim, wherein the control means 430

are adapted to compare estimated filter weight with a measured filters weight.
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12. A system according to any of claims 9 to 11, wherein the communication
means 410 are adapted to provide internet connection for the system, in particular to

cloud computing services.

13. A system according to any of claims 9 to 12, wherein the communication
means 410 are adapted to communicate with other systems according to the

invention and exchange data.

14. A computer readable storage medium storing a program of instructions

executable by a machine to perform a method according to any of claims 1-8.
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