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Description
FIELD OF THE INVENTION
[0001] The present invention relates to the field of vacuum cleaners.
BACKGROUND OF THE INVENTION

[0002] Inthe field of vacuum cleaners, a significant amount of research is being performed to improve energy efficiency.
This is particularly important with the increasing use and availability of battery-powered vacuum cleaners (cordless
vacuum cleaners), because the runtime, weight and cost of such cleaners heavily depend upon the battery capacity.
[0003] To ensure sufficient run times with cordless vacuum cleaners, the suction power and hence air flow rate
generated by such cordless vacuum cleaners are usually lower than those of conventional corded vacuum cleaners.
To compensate for this decrease in suction power, most cordless vacuum cleaners include a nozzle containing a rotating
brush. This increases and optimizes the cleaning performance of a cordless vacuum cleaner to make improved use of the
limited amount of energy available in the battery.

[0004] In order to meet desired dust pick-up (DPU) requirements, generally more air flow rate or suction power is
required on soft floor categories/types compared to hard floors categories/types. To help the consumer to automatically
optimize between run time and cleaning performance on different floor categories/types, adaptive vacuum cleaning
modes have been introduced in which the suction power and/or rotational speed of the brush is automatically adjusted
based on the floor category/type.

[0005] Itwould therefore be desirable to provide a technique that can improve the accuracy of identifying a category/type
of flooring on which the nozzle of a vacuum cleaner is positioned.

SUMMARY OF THE INVENTION

[0006] The invention is defined by the claims.

[0007] Accordingto examples in accordance with an aspect of the invention, there is provided a computer-implemented
method for determining a threshold value for use in distinguishing on which of a plurality of categories of flooring a nozzle of
a vacuum cleaner is positioned, wherein the plurality of categories of flooring includes a first category of flooring and a
second, harder category of flooring; and the vacuum cleaner is operable in a soft-floor mode for use when the nozzle is on
the first category of flooring and a hard-floor mode for use when the nozzle is on the second category of flooring.
[0008] The computer-implemented method comprises iteratively performing a sensor data obtaining process and a
threshold value defining process.

[0009] The sensor data obtaining process comprises: obtaining one or more new sensor values, each sensor value
being a sample of a torque load dependent parameter that is responsive to a torque load of a motor of the vacuum cleaner
for rotating a brush located in the nozzle of the vacuum cleaner; and adding the one or more sensor values to a sensor
dataset comprising a plurality of sensor values.

[0010] The threshold value defining process comprises processing all sensor values in the sensor dataset to determine
a statistical estimator of the sensor dataset; and only when no less than a predetermined percentage of the sensor values
in the sensor dataset were sampled when the vacuum cleaner was operating in the hard-floor mode, updating the
threshold value using the determined statistical estimator, wherein the predetermined percentage is no less than 50%.
[0011] It will be apparent that the sensor dataset comprises a plurality or sequence of values representing the torque
provided by a motor of the vacuum cleaner over a particular period or window of time. The purpose of the proposed method
is to use the sensor dataset to define or update a threshold against which a comparison value (derived from sensor data)
can be compared. More particularly, the proposed approach updates the threshold only when the sensor dataset contains
a majority of sensor values sampled during a hard-floor mode. Thus, the threshold is a hard-floor self-learning threshold.
This advantageously allows the threshold to adapt to the specific conditions or environment in which the vacuum cleaneris
used, e.g., to account for brush-floor interactions with different types of hard floor. The self-learning threshold also
advantageously adapts the threshold to the natural changes in torque load that result from changes in the nature of the
vacuum cleaner over time, e.g., degradation of any motors over time, buildup of debris, dust or dirt in the brush or vacuum
cleaner and so on.

[0012] One advantage of the proposed approach is that the torque load of a brush nozzle motor (being the motor of the
vacuum cleaner for rotating a brush located in the nozzle of the vacuum cleaner) is significantly more stable when the
nozzle is on a hard floor. Thus, by updating the threshold using data obtained only when operating in a hard-floor mode, the
threshold for discriminating between hard floors and soft floors is more robust, stable, and less sensitive to noise,
vacuuming styles and/or vacuuming motion(s) (e.g., forward and rearward movement of the nozzle). More reliable and
accurate detection and determination of the floor category is therefore facilitated.
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[0013] The predetermined percentage is 100%. This approach advantageously avoids or reduces a likelihood that data
obtained whilst the nozzle is on a soft floor will be used to update or modify the hard-floor self-learning threshold.
[0014] The sensordata obtaining process further comprises removing one or more oldest sensor values from the sensor
dataset. This provides a moving window of sensor data that is used to update the threshold value, thereby ensuring that the
threshold value reflects the most recent conditions in which the vacuum cleaner is operating.

[0015] The numberofthe new sensorvalues added tothe sensordatasetand the oldest sensor values removed from the
sensor dataset is preferably the same.

[0016] The step of updating the threshold value may comprise: obtaining a previous threshold value, being a mostrecent
update to the threshold value; and performing a weighted sum of the previous threshold value and the determined
statistical estimator. This causes a gradual change or update to the threshold value over time. This avoids a sudden
change of the threshold value that might be inaccurate (e.g., caused by noise or an undetected to a soft floor), providing
more reliable and consistent discrimination between floor categories.

[0017] Insome examples, the step of performing a weighted sum comprises: multiplying the previous threshold value by
afirst predetermined weight to produce a first weighted value; multiplying the determined statistical estimator by a second
predetermined weight to produce a second weighted value; and summing the first and second weighted values to
determine the threshold value, wherein the sum of the first predetermined weight and the second predetermined weight is
1.

[0018] Processing all sensor values in the sensor dataset may comprise averaging all sensor values in the sensor
dataset to determine a mean average sensor value of the sensor dataset as the statistical estimator.

[0019] Processing all sensor values in the sensor dataset may comprise determining a trimmed mean of the sensor
values in the sensor dataset to determine a trimmed mean sensor value of the sensor dataset as the statistical estimator.
[0020] The threshold value defining process may comprise: identifying a second statistical estimator of all sensor values
in the sensor dataset; and responsive to a difference between the second statistical estimator and the threshold value
breaching the predetermined value, preventing the updating of the threshold value until one or more predetermined
conditions are met.

[0021] This approach provides a technique for detecting or predicting when the nozzle has been lifted from a ground
surface. In particular, the second statistical estimator may be compared to the threshold value to predict whether or not the
nozzle has been lifted from a ground surface. In the event that such a lift is detected, the updating of the threshold value is
paused. This approach helps to prevent or reduced a likelihood that a floor type recognition algorithm will fail in the case of a
large interaction with the brush and the floor on hard floor types.

[0022] The second statistical estimator may be a percentile value, being a predetermined percentile of all sensor values
in the sensor data set. The predetermined percentile may be an Xth percentile of all sensor values in the sensor data,
wherein the value for X is between 10 and 40.

[0023] Insome examples, the one or more predetermined conditions comprises one or more of: a predetermined period
of time elapsing; a predetermined number of new sensor values being obtained; the difference between the second
statistical estimator and the threshold value being less than the predetermined value; and/or an override indicator being
received.

[0024] Thereisalso proposed a computer-implemented method for distinguishing on which of a plurality of categories of
flooring a nozzle of a vacuum cleaner is positioned, the plurality of categories of flooring including a first category of flooring
and a second, harder category of flooring.

[0025] The computer-implemented method comprising determining a threshold value using a previously described
method; and iteratively performing a floor category determination process.

[0026] The floor category determination process comprises: obtaining the sensor dataset produced by the sensor data
obtaining process; determining a comparison value by processing the sensor dataset; defining a threshold breach value
using the threshold value produced by the threshold value defining process; determining that the nozzle of the vacuum
cleaner is positioned on the first category of flooring responsive to the comparison value breaching the threshold breach
value; and determining that the nozzle of the vacuum cleaner is positioned on the second category of flooring responsive to
the comparison value failing to breach the threshold breach value.

[0027] The statistical estimator may be a mean or trimmed mean of all sensor values in the sensor dataset; and the
second statistical estimator may be a second predetermined percentile of all sensor values in the sensor dataset.
[0028] There is also proposed a computer program product comprising computer program code means which, when
executed on a computing device having a processing system, cause the processing system to perform all of the steps of
any herein disclosed method.

[0029] There is also proposed a processing system for determining a threshold value for use in distinguishing on which
of a plurality of categories of flooring a nozzle of a vacuum cleaner is positioned, wherein the plurality of categories of
flooringincludes afirst category of flooring and a second, harder category of flooring; and the vacuum cleaneris operable in
a soft-floor mode for use when the nozzle is on the first category of flooring and a hard-floor mode for use when the nozzle is
on the second category of flooring.
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[0030] The processing systemis configured toiteratively perform a sensor data obtaining process and a threshold value
defining process.

[0031] The sensor data obtaining process comprises: obtaining one or more new sensor values, each sensor value
being a sample of a torque load dependent parameter that is responsive to a torque load of a motor of the vacuum cleaner
for rotating a brush located in the nozzle of the vacuum cleaner; and adding the one or more sensor values to a sensor
dataset comprising a plurality of sensor values.

[0032] The threshold value defining process comprises processing all sensor values in the sensor dataset to determine
a statistical estimator of the sensor dataset; and only when no less than a predetermined percentage of the sensor values
in the sensor dataset were sampled when the vacuum cleaner was operating in the hard-floor mode, updating the
threshold value using the determined statistical estimator, wherein the predetermined percentage is no less than 50%.
[0033] These and other aspects of the invention will be apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] For abetter understanding of the invention, and to show more clearly how it may be carried into effect, reference
will now be made, by way of example only, to the accompanying drawings, in which:

Figure 1 illustrates a system in which embodiments may be implemented;
Figure 2 illustrates a relationship between flooring hardness and motor current;
Figure 3 is a flowchart illustrating a proposed method;

Figure 4 is a flowchart illustrating another proposed approach;

Figure 5 is a flowchart illustrating a variant to a proposed approach;

Figure 6 is a flowchart illustrating a variant to the proposed approach; and
Figure 7 illustrates a control scheme for a nozzle brush motor.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0035] The invention will be described with reference to the Figures.

[0036] It should be understood that the detailed description and specific examples, while indicating exemplary
embodiments of the apparatus, systems and methods, are intended for purposes of illustration only and are not intended
to limit the scope of the invention. These and other features, aspects, and advantages of the apparatus, systems and
methods of the present invention will become better understood from the following description, appended claims, and
accompanying drawings. It should be understood that the Figures are merely schematic and are not drawn to scale. It
should also be understood that the same reference numerals are used throughout the Figures to indicate the same or
similar parts.

[0037] The invention provides a mechanism for defining a threshold for use in discriminating between on which of a
plurality of different categories of flooring a nozzle of a vacuum cleaner is positioned. A threshold value is (iteratively)
updated using sensor data obtained only when the vacuum cleaner operates in a hard-floor mode, such that the threshold
value is a hard-floor self-learning threshold.

[0038] Figure 1 illustrates a system 100, comprising a (cordless) vacuum cleaner 110 and a processing system 120.
[0039] The vacuum cleaner 110 comprises a nozzle 111 having a brush 112. A motor (not visible) of the vacuum cleaner
is configured to rotate the brush 112 ("nozzle brush") located in the nozzle 111 of the vacuum cleaner 110. This motor may
be labelled a nozzle brush motor for conciseness. The nozzle brush motor may be located in the nozzle 111 or elsewhere in
the vacuum cleaner (e.g., connected to the brush 112 via one or more linkages).

[0040] The vacuum cleaner is operable in two or more operational modes, including a soft-floor mode and a hard-floor
mode. The soft-floor mode is designed for use when the nozzle is on a first category of flooring. The hard-floor mode is
designed for use when the nozzle is on a second category of flooring, which is harder than the first category of flooring.
[0041] Inthe context of the present disclosure and the field of vacuum cleaning generally, a hardness of a flooring refers
to an amount of fabric or piles of a floor or to a measure of brush-floor interaction. In particular, harder floors will have less
interaction with a nozzle brush 112 (during vacuuming of the floor) than softer floors. A hard floor will have no fabric or piles,
e.g., have a smooth surface. A soft floor will comprise fabric or piles. Generally, the greater the amount of fabric or piles, the
softer the floor.

[0042] Thus,inthe contextofthis specification, a"soft" flooris a category of flooring that experiences a higher brush-floor
interaction than a hard floor.

[0043] Thevacuum cleaneris configured suchthatone or more operational properties of the vacuum cleaner differ when
operating in the soft-floor mode compared to when operating in the hard-floor mode. This is due to the different demands
for cleaning on floors having different levels of hardness. More generally, the value(s) of one or more operational properties
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of the vacuum cleaner will change dependent upon the operational mode of the vacuum cleaner.

[0044] By way of example only, the rotation speed of the nozzle brush motor (and therefore the brush 112) may differ
dependent upon the operational mode of the vacuum cleaner. For instance, the rotation speed may be greater when the
vacuum cleaner is operating in the soft-floor mode than when operating in the hard-floor mode. A rotation speed (e.g.,
RPM) of the nozzle brush is therefore one example of an operational property.

[0045] As another example, the suction power of the vacuum cleaner may differ dependent upon the operational mode
of the vacuum cleaner. For instance, the suction power may be greater when the vacuum cleaner is operating in the soft-
floor mode than when operating in the hard-floor mode. Itis well known to the person skilled in the art that the suction power
of a vacuum cleaner is dependent upon at least a speed of a vacuum motor for driving suction. Thus, in some examples, a
speed of a vacuum motor is greater when the vacuum cleaner is operating in the soft-floor mode than when operating in the
hard-floor mode. The suction power of the vacuum cleaner is therefore one example of an operational property.
[0046] Other suitable examples of operational properties will be readily apparent to the skilled person in the art, and may
depend upon the configuration or design of the vacuum cleaner.

[0047] Itwillbeapparentthatitisimportantto be able to distinguish between on which of a plurality of different categories
of flooring the nozzle is positioned, to determine or establish in which operational mode the vacuum cleaner should
operate. In particular, it would be desirable to identify whether or not the nozzle is positioned on first category of flooring (a
"soft floor") or a second category of flooring (a "hard floor"), which is harder than the first category of flooring.

[0048] One approach for distinguishing between categories of flooring is to compare a comparison value to a threshold.
The comparison value is derived from sensor data responsive to a torque load of the nozzle brush motor. The comparison
value may, for instance, be a single instantaneous value of the torque load or a statistical estimator of the torque load.
[0049] In general, a statistical estimator is derived by processing data comprising a plurality of values to derive the
statistical estimator of a predetermined statistical property. Examples of statistical estimators include: a mean, a trimmed
mean; a range; a trimmed range; a variance; a trimmed variance; a standard deviation; a timmed standard deviation; ora
percentile value (representing a particular percentile of the plurality of values). Other example statistical properties will be
readily apparent to the skilled person, and include any measure of a location parameter or a scale parameter (e.g., a
measure of dispersion).

[0050] Figure 2 illustrates a set of box plots 200 of motor current data for a nozzle brush motor with a fixed rotational
speed setting for several different types of flooring. Thus, each box plot represents the range, spread and/or average of the
motor torque load for different types of flooring. A motor current of a nozzle brush motor is sensitive/responsive (e.g.,
proportional) to a torque load of the motor.

[0051] Floor #0 is a hard floor, while the other floors are carpets (i.e., softer floors than the hard floor) with different
thicknesses/type of pile. As shown in Figure 2, the average torque load increases with reduced hardness of the floors. The
precise variation between the different soft floors may depend upon a number of factors such as how the pile is woven (i.e.,
closed loop or open).

[0052] Figure 2thereby demonstrates how itis possible to make use of a torque load dependent parameter (also known
as a torque load sensitive parameter) to distinguish or discriminate between different categories of flooring, having
different levels of hardness.

[0053] The presentdisclosure proposes an approach for determining a threshold value for use in distinguishing in which
of a plurality of categories of flooring the nozzle 111 is positioned.

[0054] More particularly, itis herein proposed to set a threshold value using a first statistical estimator, examples of which
have been previously described, of sensor data for which at least half of the sensor values (of the sensor data) were
obtained only whilst the vacuum cleaner is operating in the hard-floor mode. Thus, the threshold value is defined using
hard-floor mode sensor data.

[0055] Figure 3isaflowchartthatillustrates a computer-implemented method 300 for determining the threshold value. It
will be clear that the method 300 may be employed by the processing system previously described and/or illustrated.
[0056] The computer-implemented method 300 comprises iteratively performing a sensor data obtaining process 310
and a threshold value defining process 320. The sensor data obtaining processing 310 more formally defines the sensor
data procedure briefly outlined above.

[0057] The sensor data obtaining process 310 comprises a step 311 of obtaining one or more new sensor values. Each
sensor value is a sample of atorque load dependent parameter that is responsive to a torque load of a motor of the vacuum
cleaner for rotating a brush located in the nozzle of the vacuum cleaner.

[0058] One example of a torque load dependent parameter is a current drawn by the nozzle brush motor to rotate the
brush. This current is proportional to the torque load. The current drawn by the motor can be sampled by, for instance,
measuring the voltage drop over a shuntresistor located in same circuit as the motor or by using a current sensor IC. Other
example approaches will be apparent to the skilled person.

[0059] As another example, in the case of a nozzle brush motor that is controlled at a constant torque (i.e., draws a
constant current), another example of a torque load dependent parameter is the rotational speed of the nozzle brush motor.
Thus, in these circumstances, the rotational speed of the nozzle brush motor is a torque load dependent parameter.
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[0060] Othertorqueloaddependentparameters willbe apparentto the skilled person, such as a total power drawn by the
nozzle brush motor and/or data produced by a torque transducer/sensor.

[0061] The sensor data obtaining process 310 also comprises a step 312 of adding the one or more sensor values to a
sensor dataset comprising a plurality of sensor values. Thus, the sensor dataset will comprise a comprise a plurality of
sensor values and be iteratively updated with one or more new sensor values obtained in step 311.

[0062] In some examples, the sensor data obtaining process 310 further comprises removing 313 one or more oldest
sensor values from the sensor dataset. Preferably, the number of the new sensor values added to the sensor dataset and
the oldest sensor values removed from the sensor dataset is the same.

[0063] In this way, the sensor dataset may effectively represent a moving window of sensor values for a torque load
dependent parameter, which is iteratively updated with new sample(s) of the torque load dependent parameter.
[0064] The threshold value defining process 320 comprises a step 321 of processing all sensor values in the sensor
dataset to determine afirst statistical estimator of the sensor dataset. Examples of suitable statistical estimators have been
previously described, any of which may be employed as the first statistical estimator, but specific working examples will be
provided later in this disclosure.

[0065] The threshold defining process also comprises a step 322 of updating the threshold value using the determined
first statistical estimator.

[0066] Inoneapproach, step 322 is performed by setting the threshold value to be equal to the determined first statistical
estimator.

[0067] Inanotherapproach, step 322 is performed by performing a (e.g., weighted) sum or average of the first statistical
estimator and the previous value (i.e., the non-updated value) of the threshold value. Thus, step 322 may comprise
obtaining a previous threshold value, being a most recent update to the threshold value; and performing a weighted sum of
the previous threshold value and the determined statistical estimator.

[0068] As one example, a new threshold value t, can be determined using the following equation:

ty =ty + B'Sl (1)

where si is the first statistical estimator, t, 4 is the previous threshold value, o is a first predetermined weight and f is a
second predetermined weight. In a preferred example, f = 1 - a, and « is a value between 0 to 1. The predetermined
weight(s) thereby define or control how quickly the threshold value adapts to changes in the sensor data. An alternative
label for a predetermined weight is a weighting value.

[0069] Preferably, the value of a is between 0.5and 1, e.g.,0.7 and 1, e.g., 0.9 and 1. This ensures that the updating to
the threshold value is slow and gradual, to reduce a risk of sudden and inaccurate changes to the threshold value.
[0070] In this way, step 322 may be performed by multiplying the previous threshold value by a first predetermined
weightto produce afirstweighted value; multiplying the determined statistical estimator by a second predetermined weight
to produce a second weighted value; and summing the first and second weighted values to determine the threshold value.
The sum of the first predetermined weight and the second predetermined weight is 1.

[0071] Atleast step 322 is performed only when no less than a predetermined percentage of the sensor values in the
sensor dataset were sampled when the vacuum cleaner was operating in the hard-floor mode. The predetermined
percentage is noless than 50%, e.g., noless than 75%, e.g., 100%. In this way, the threshold value is only updated using a
first statistical estimator of sensor values of which a majority were obtained only when the vacuum cleaner was operating in
the hard-floor mode. The threshold value can thereby be considered to be a hard-floor threshold value.

[0072] In some variations, the entire threshold value defining process is only performed when no less than a
predetermined percentage of the sensor values in the sensor dataset were sampled when the vacuum cleaner was
operating in the hard-floor mode.

[0073] In some variations, both processes 310 and 320 are only performed when no less than a predetermined
percentage of the sensor values in the sensor dataset were sampled when the vacuum cleaner was operating in the hard-
floor mode.

[0074] Figure 4 illustrates a computer-implemented method 400 for distinguishing on which of the plurality of categories
of flooring the nozzle of the vacuum cleaner is positioned. As previously mentioned, the plurality of categories of flooring
includes the first category of flooring and the second, harder category of flooring.

[0075] The method 400 comprises performing method 300 previously described, which includes a sensor data obtaining
process 310 and a threshold defining process 320.

[0076] The method 400 further comprises (iteratively) performing a floor category determination process 410.
[0077] The floor category determination process 410 comprises a step 411 of obtaining the sensor dataset produced by
the sensor data obtaining process 310; and a step 412 of determining a comparison value Vc of the sensor dataset. The
comparison value is the comparison value for comparing to a threshold in order to distinguish or discriminate between
different types of flooring, as previously described.
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[0078] Byway of preferred example, the comparison value may be a statistical estimator of the sensor dataset, suchas a
predetermined percentile of the sensor dataset.

[0079] The floor category determination process 410 also comprises a step 413 of defining a threshold breach value t,
using the threshold value t, produced by the threshold value defining process 320. The threshold breach value defines the
threshold to which the comparison value is to be compared in order to distinguish or discriminate between different types of
flooring.

[0080] Insomeembodiments, the threshold breach value may be defined to have the same value as the threshold value
produced by the threshold value defining process 320. Thus, in some examples, t, = t,.

[0081] Inother examples, the threshold breach value may be a modified version of the threshold value produced by the
threshold value defining process 320. Thus, one or more modifications may be made to the threshold value to produce the
threshold breach value.

[0082] Forinstance, the threshold value may be modified by summing the threshold value with a first biasing value X
(e.g., a so-called X-factor). This can be mathematically represented by the following equation:

t, = t, + Xp )

[0083] As another example, the threshold value may be modified by multiplying the threshold value by a second biasing
value M. This can be mathematically represented by the following equation:

t, = M.t, 3)

[0084] Of course, a combination of these techniques could be performed, e.g., multiplying the threshold value t, by the
second biasing value M before adding the first biasing value - or adding the first biasing value to the threshold value and the
multiplying the sum by the second biasing value.

[0085] The floor category determination process 410 comprises a step 414 of determining that the nozzle of the vacuum
cleaner is positioned on the first category of flooring responsive to the comparison value breaching the threshold breach
value; and a step 415 of determining that the nozzle of the vacuum cleaner is positioned on the second category of flooring
responsive to the comparison value failing to breach the threshold breach value.

[0086] In particular, the floor category determination process 410 may comprise a determining step 416 of determining
whetherthe comparison value breaches the threshold breach value, e.g., whetherthe comparison value is greater than the
threshold breach value. Responsive to a positive determination in step 416, the process 410 performs step 414.
Responsive to a negative determination step 416, the process 410 performs step 415.

[0087] It will be appreciated that if the vacuum cleaner is operating in the hard-floor mode and the comparison value
breaches the threshold breach value, the vacuum cleaner may end the hard-floor mode, e.g., in step 417 and enter or
otherwise operate in the soft-floor mode - e.g., and stop updating the threshold value. Otherwise, the method continues
418 to operate in the hard-floor mode.

[0088] There are awide variety of potential approaches for performing the threshold value defining process 320 and the
floor category determination process 410 which make use of different (statistical) measures (e.g., statistical estimator(s)
and/or value(s)) of the sensor data to: set the threshold value; define the threshold breach value and determine a
comparison value to compare to the threshold breach value. The skilled person will appreciate that the processes 320 and
410 may be modified based on the precise implementation adopted.

[0089] For improved contextual understanding, a number of working examples will be hereafter described.

[0090] In one working example, the comparison value is a percentile value of the sensor dataset (e.g., defined in step
312). A percentile value is a value that represents a predetermined percentile of the sensor values in the sensor dataset.
The predetermined percentile may, for instance, be a Zth percentile, where Z is less than 50, e.g., between 10 and 50, e.g.,
between 20 and 30, e.g., 25.

[0091] In afirst variation of this working example, the first statistical estimator may be a mean or a trimmed mean of the
sensor data. Thus, the first statistical estimator may be a mean average sensor value or a trimmed mean sensor value.
Approaches for determining a mean or trimmed mean of plurality of values are well known in the art.

[0092] Inasecond variation of this working example, the first statistical estimator may be a percentile value of the sensor
dataset (e.g., defined in step 313). The predetermined percentile may, forinstance, be a Yth percentile, where Yisless than
50, e.g., between 10 and 50, e.g., between 20 and 30, e.g., 25.

[0093] The threshold value may be set, in step 322, using the first statistical estimator. For example, the threshold value
may be defined to be equal to the first statistical estimator and/or a (weighted) sum or average of the first statistical
estimator and a previous threshold value.

[0094] In this way, for the first variation of this working example, the threshold value may effectively be a moving
(trimmed) average of the sensor value of the torque load dependent parameter. Similarly, for the second variation of this
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working example, the threshold value may effectively be a moving average of the Yth percentile of iteratively obtained
sensor data.

[0095] The threshold breach value may be calculated by adding a biasing value to the threshold value. However, in an
alternative example, the threshold breach value is simply set to be equal to the threshold value.

[0096] Accordingly, the determining step 416 may comprise determining whether a percentile value of the sensor
dataset (the comparison value) is greater than the threshold breach value, which represents a moving average of
previously values of the sensor dataset. Responsive to the comparison value exceeding the threshold breach value, it can
be assumed that the nozzle of the vacuum is (no longer) positioned on the second category of flooring. Accordingly, if the
vacuum cleaner is operating in the hard-floor mode and the comparison value breaches the threshold breach value, the
vacuum cleaner may enter or otherwise operate in the soft-floor mode - e.g., and stop updating the threshold value.
[0097] As another working example, the comparison value is a first trimmed range of the sensor dataset (e.g., defined in
step 312).

[0098] In this working example, the first statistical estimator may be a second trimmed mean of the sensor data.
Approaches for determining a trimmed range are well known in the art. In preferred examples, the second trimmed range is
arange of a greater number of sensor values than the first trimmed range. For instance, the second trimmed range may be
the interdecile range and the first trimmed range may be the interquartile range.

[0099] The threshold value may be set, in step 322, using the first statistical estimator. For example, the threshold value
may be defined to be equal to the first statistical estimator and/or a (weighted) sum or average of the first statistical
estimator and a previous threshold value.

[0100] The threshold breach value may be calculated by multiplying the threshold value by a biasing value, e.g.,
following equation (3). However, in an alternative example, the threshold breach value is simply set to be equal to the
threshold value.

[0101] Accordingly, the determining step 416 may comprise determining whether a second trimmed range of the sensor
dataset (the comparison value)is greater than the threshold breach value. Responsive to the comparison value exceeding
the threshold breach value, it can be assumed that the nozzle of the vacuum is (no longer) positioned on the second
category of flooring. This approach recognizes that the dispersion of sensor data responsive to a torque load dependent
parameter will increase if the nozzle is moved onto softer flooring.

[0102] Other suitable examples for performing the threshold value defining process 320 and the floor category
determination process 410 using different combinations of first statistical parameters, comparison values and/or threshold
(breach) value calculation processes will be apparent to the appropriately skilled person.

[0103] Figure 5 illustrates a variant to the method 500 previously disclosed.

[0104] The method 500 differs in that the updating to the threshold value is delayed in a delay step 521. The delay step is
configured at least to allow the method 400 to take place, e.g., to determine whether the nozzle is position on the first or
second category of flooring.

[0105] In particular, step 521 may be configured to delay any updating to the threshold value at least until it is confirmed
that the nozzle is still on the second category of flooring. If it is determined, as a result of step 416, that the nozzle is
positioned on the first category of flooring, then the hard-floor mode may end and the threshold value defining process 320
may terminate without updating the threshold value using the first statistical estimator. This reduces the risk that the
threshold value will be (inaccurately) updated using a statistical estimator derived from a sensor dataset that contains one
or more sample values obtained whilst the nozzle was on the first category of flooring.

[0106] To further reduce this risk, the length of the delay may be increased. This can be achieved, for instance by
buffering the first statistical estimator for multiple iterations of processes 310 and 410.

[0107] Inoneexample, steps 321 and 521 are performed by determining the first statistical estimator and adding the first
statistical estimator to a buffer. Step 321 is iteratively repeated (e.g., for each update to the sensor dataset in process 310)
to iteratively add an instance of the first statistical estimator to the buffer. When the buffer is full, the Nth (i.e., oldest) first
statistical estimator is used to perform step 322. Step 322 is then iteratively repeated, each time the buffer updates, using
the oldest statistical estimator in the buffer. In this way, a delay is introduced between a sensor dataset being updated and
the threshold value being updated. This delay facilitates a check to ensure that the statistical estimator (used to update the
threshold value) is derived from a sensor dataset that is unlikely to contain one or more sample values obtained whilst the
nozzle was on the first category of flooring (e.g., though performance of the process 410).

[0108] The buffermay,in someinstances, be no less than the length of the sensor dataset, e.g., equal to the length of the
sensor dataset.

[0109] In some examples, the same type of statistical estimator is used as the first statistical estimator and the
comparison value Vc. In some such examples, the earliest value in the buffer (produced by steps 321 and 521) may be
used as the comparison value Vc. Thus, step 412 may comprise identifying the earliest value in the buffer, i.e., the most
recently inserted value.

[0110] Figure 6illustrates an advantageous variant to the method 300 previously described. Thus, Figure 6 illustrates an
alternative method 600 for determining the threshold value for distinguishing on which of the plurality of categories of
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flooring the nozzle of a vacuum cleaner is positioned. The method 600 may be readily integrated with the method 400 or
500 previously disclosed.

[0111] In this variant, the updating of the threshold value is paused or postponed if there is a significant deviation or
change in the torque load of the motor, e.g., caused by the nozzle of the vacuum cleaner being lifted (e.g., from the floor). It
is recognized that the lifting of the nozzle will cause a significant drop in the torque load of the nozzle brush motor. If the
updating to the threshold value were not paused, then a drop in the torque load would incorrectly update the threshold
value, such that the threshold value would not correctly represent a hard-floor threshold value.

[0112] Accordingly, the threshold value defining process 320 may comprise a step 621 of identifying a second statistical
estimator of all sensor values in the sensor dataset.

[0113] The threshold value defining process 320 may also comprise a sub-process 622 of, responsive to a difference
between the second statistical estimator and the threshold value breaching (e.g., exceeding) a predetermined value,
preventing the updating of the threshold value until one or more predetermined conditions are met. Step 622 may, for
instance, comprise hanging the performing of the process 320 until the condition(s) are met.

[0114] In particular, process 320 may comprise a step 623 of determining whether a difference between the second
statistical estimator and the threshold value is more than the predetermined value. Responsive to a positive determination
in step 623, the sub-process 622 is performed (until one or more predetermined conditions are met). Otherwise, the
process 320 may continue.

[0115] As aworking example, step 623 may comprise determining whether a sum of the second statistical estimator s,
and the predetermined value X, is smaller than the threshold value t,,.

[0116] The second statistical estimator is a percentile value, being a predetermined percentile of all sensor values in the
sensor data set. Preferably, the second statistical estimator is an Xth percentile of all sensor values in the sensor data,
wherein the value for X is between 10 and 40, e.g., X = 25.

[0117] Step623 preferably takes place before step 322, i.e., to make use of a non-updated version of the threshold value,
to avoid updating the threshold value with incorrect data. In some examples, step 623 also takes place before performing
step 321, to thereby avoid potentially unnecessary performance of step 321, achieving a more efficient method.
[0118] Sub-process 622 may comprise hanging or pausing the threshold value defining process 320 until the one or
more predetermined conditions are met. In particular, sub-process 622 may comprise hanging or pausing the threshold
value defining process 320 until at least one of a plurality of sets of one or more predetermined conditions are met.
[0119] A wide variety of potential predetermined conditions are considered. As a non-exhaustive list of examples, the
one or more predetermined conditions may comprise a predetermined period of time elapsing; a predetermined number of
new sensor values being obtained; the difference between the second statistical estimator and the threshold value being
less than the predetermined value; and/or an override indicator being received.

[0120] Preferably, the sub-process 622 is configured to stop pausing or hanging threshold value defining process at
least when the difference between the second statistical estimator and the threshold value is no longer less than the
predetermined value. This effectively resumes or restarts the threshold value defining process 320 when itis identified that
the nozzle has been positioned back on the floor.

[0121] In one variant of this approach, a difference between the second statistical estimator and the threshold value is
more than the predetermined value, a blockage time counter will be started. The blockage time counter will continue to run
whilst the difference between the second statistical estimator and the threshold value is more than the predetermined
value. When the blockage time counter reaches a blockage time counter threshold, then the threshold value defining
process (particularly the performance of steps 321 and 322) will be resumed. In this variant, the threshold value is modified
using a weighted sum and/or average (e.g., using one or more predetermined weighting values). Preferably, if the
threshold value defining process is resumed due to the blockage time counter reaching the blockage time counter
threshold, then each predetermined weighting value may be modified, e.g., to more heavily favor or weight the previous
threshold value. This effectively slows down the updating to the threshold value. When the difference between the second
statistical estimator and the threshold value is no longer less than the predetermined value, the blockage time counter will
be reset. In such an approach, if modified, the modification to each predetermined weighting value may be reverted.
[0122] The technique for pausing updating a threshold (particularly a self-learning threshold) can be applied to other
techniques for performing automated updating of a threshold that are not described in the present disclosure.

[0123] Accordingly, there is also herein proposed a computer-implemented method for controlling the operation of a
threshold value update procedure, wherein the threshold value update procedure is configured to iteratively update a
threshold value for use in determining whether a nozzle of a vacuum cleaner is on a first category of flooring or a second,
harder category of flooring.

[0124] The computer-implemented method comprises: obtaining a sensor dataset comprising a plurality of sensor
values, each sensor value being responsive to a torque load of a motor of the vacuum cleaner for rotating a brush located in
the nozzle of the vacuum cleaner; identifying a second statistical estimator of all sensor values in the sensor dataset; and
responsive to a difference between the second statistical estimator and the threshold value breaching the predetermined
value, preventing the updating of the threshold value until one or more predetermined conditions are met.
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[0125] Above-described methods are used to update a threshold value using sensor data obtained during a hard-floor
mode. It will be appreciated that the proposed method for updating the threshold value does not need to be performed for
the entire time that the vacuum cleaner is operating in the hard-floor mode.

[0126] For instance, upon powering up, the vacuum cleaner may initially operate in a hard-floor mode. However,
performance of the proposed method may be delayed (after power-up) at least until sufficient sensor data has been
obtained and a determination made that the vacuum cleaner is positioned on a hard floor.

[0127] As another example, the vacuum cleaner may switch to a hard-floor mode responsive to a detected transition
between floor categories (using an elsewhere described approach). However, performance of the proposed method may
be delayed (after switching to the hard-floor mode) at least until sufficient sensor data has been obtained and a
determination made that the vacuum cleaner is positioned on the second category of flooring.

[0128] Thus, in some examples, the method for determining a threshold value is only performed during a hard-floor
mode of operation and only afteritis determined, upon entering the hard-floor mode, that the nozzle of the vacuum cleaner
is positioned on the second category of flooring.

[0129] Figure 7 illustrates a schematic overview of a (closed-loop) motor control system 700 for a brushed DC motor for
rotating a brush in a nozzle of a vacuum cleaner, i.e., a nozzle brush motor, according to an embodiment of the invention.
[0130] The motor control system determines a measure for the rotational speed of the brush by periodically stopping
power supply to the motor for a short time (e.g., less than a millisecond), and measuring the back-emf voltage during this
time. The back-emfvoltage is then used as a measure for the rotational speed of the brush. The motor control system uses
the feedback information about the rotational speed to operate a closed-loop system that ensures the rotational speed of
the motor corresponds to the RPM setpoint.

[0131] The motor control system may be operable in atleast two modes, including the hard-floor mode and the soft-floor
mode. This mirrors the hard-floor mode and the soft-floor mode of the vacuum clear. Thus, when the vacuum cleaner
operates in the hard-floor mode, the motor control system operates in the hard-floor mode. Similarly, when the vacuum
cleaner operates in the soft-floor mode, the motor control system operates in the soft-floor mode.

[0132] The RPM setpoint for the motor may be dependent upon the mode of operation. For instance, the RPM setpoint
may be set to be lower for the hard-floor mode than for the soft floor mode.

[0133] The motor control system may be configured to switch its mode of operation responsive to a determined category
of flooring. For instance, if a change of flooring category is detected whilst operating in the hard-floor mode, the motor
control system may switch to the soft-floor mode. Similarly, if a change of flooring category whilst operating in the soft-floor
mode, the motor control system may switch to the hard-floor mode.

[0134] The processing system 120 is configured to detect a category of the flooring on which the nozzle is positioned.,
e.g., using sensor data responsive to a torque load of the motor, such as sensed electrical current values.

[0135] As previously explained, detection of a category of flooring makes use of sensor data responsive to a torque load
of the motor. In some examples, the sensor data comprises samples or measures of the motor current (which changes
responsive to the torque load of the motor). The motor current may be measured by measuring the voltage drop across a
shunt resistor or by using a current sensor IC.

[0136] Forexample, the motor control system of a vacuum cleaner may be configured to start a vacuuming sessionin a
hard-floor mode, i.e., when turned on. Thus, the (nozzle brush) motor may initially have alow RPM. Once sufficient sensor
data has been obtained, a determination as to the category of flooring can be made, e.g., comparing to a pre-existing
threshold value (e.g., stored in memory from a factory default or a previous vacuuming session). Ifitis determined that the
nozzle of the vacuum cleaner is on the first category of flooring, then the motor control system may instead operate in the
soft-floor mode (e.g., setting the RPM accordingly). Otherwise, previously described techniques for defining the threshold
value may be performed.

[0137] When the RPM setpoint is changed from a lower setting to a higher setting (or vice versa), the brush rotational
speed error increases, and the motor control system adjusts the output (PWM duty cycle) to minimize the error.
[0138] The above-described example proposes a technique for modifying a rotation speed of a brush (by changing the
RPM setpoint) responsive to a determined category of flooring. One or more other properties of the vacuum cleaner may
additionally and/or alternatively be set responsive to the determined category of flooring.

[0139] In particular, the operation mode of one or more other control systems may also and/or otherwise be responsive
to a detected category of flooring on which the nozzle is positioned.

[0140] As an example, a second motor control system may control the suction power of the vacuum cleaner, e.g., by
adjusting a speed of a motor that drives suction of the vacuum cleaner. In some examples, the second motor control system
is similarly operable in a hard-floor and soft-floor mode, and may switch modes in a similar manner to that previously
described. The second control motor system may be configured to increase the suction power when operating in the soft-
floor mode compared to the hard-floor mode.

[0141] Previously described examples propose techniques that propose to control an operating mode of the vacuum
cleaner responsive to a detected category of flooring. However, this approach is not essential. In some variations, a
detected category of flooring forms only part of the required conditions and/or criteria for defining or switching the operating
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mode of the vacuum cleaner.

[0142] Bywayofexample, toreduce arisk of false switching, a switch from a soft-floor mode to a hard-floor mode (for any
control system) may require at least: determination that the nozzle is (now) positioned on a hard floor (e.g., using a herein
described approach) and detection of a transition between different categories of floor (using an elsewhere described
approach). In particular, any other approach (described within this document or elsewhere) for determining a transition
between categories of flooring upon which a nozzle of a vacuum could be employed.

[0143] Similarly, as another example, to reduce a risk of false switching, a switch from a hard-floor mode to a soft-floor
mode (for any control system) may require: determination that the nozzle is (now) positioned on a soft floor (using a herein
described approach) and detection of a transition between different categories of floor (using an elsewhere described
approach). In particular, any other approach (described within this document or elsewhere) for determining a transition
between categories of flooring upon which a nozzle of a vacuum could be employed.

[0144] One example approach for identifying a transition of a nozzle of a vacuum cleaner from being positioned on
different categories of flooring is hereafter described for the sake of completeness. The approach may take the form of a
computerimplemented method configured to obtaining first sensor data, captured during a first period of time, wherein the
first sensor datais responsive to a torque load of a nozzle brush motor of the vacuum cleaner for rotating a brush located in
the nozzle of the vacuum cleaner; processing the first sensor data to generate afirst transition trimmed estimator providing
a predefined scale parameter of the first sensor data; obtaining second sensor data, captured during a second period of
time, wherein the second sensor data is responsive to the torque load of the nozzle brush motor, and wherein the second
period oftime is later than the first period of time and partially overlaps the first period of time; processing the second sensor
data to generate a second transition trimmed estimator providing the predefined scale parameter of the second sensor
data; determining a difference between the first transition trimmed estimator and the second transition trimmed estimator;
and responsive to the determined difference breaching a first predetermined threshold, determining that the nozzle has
transitioned from being positioned on the first category of flooring to the second category of flooring.

[0145] Inthe context of the present disclosure, each transition trimmed estimator is a statistical measure of dispersion
that does not take account of outliers within the corresponding (instance of) sensor data. Thus, the transition trimmed
estimator is a measure of dispersion within a central portion of the sensor data. The term transition trimmed estimator is
well established in the field of statistical analysis. A scale parameter provides a statistical measure of dispersion, e.g.,
range, standard deviation or variance.

[0146] It will be apparent that the sensor data comprises a plurality or sequence of values representing the torque
provided by a motor of the vacuum cleaner over a particular period or window of time. The purpose of the proposed method
is to determine or predict whether a floor-category transition has occurred.

[0147] The presentdisclosure recognizes that the dispersion of values within sensor data will change when the sensor
data is for a period of time that includes a transition compared to sensor data for a period of time that does not include a
transition. By monitoring the difference between statistical measures of dispersion (for different time periods), the
occurrence of a transition can be detected. The proposed approach provides a noise-robust mechanism for detecting
floor category transitions.

[0148] In some examples, the first transition trimmed estimator is a trimmed range of the first sensor data; and the
second transition trimmed estimator is the trimmed range of the second sensor data.

[0149] Optionally, the first transition trimmed estimator is an interquartile range of the first sensor data; and the second
transition trimmed estimator is the interquartile range of the second sensor data. An alternative label for the interquartile
range is the 25% trimmed range. An alternative form of a trimmed range is an interdecile range (i.e., a40% trimmed range).
Other suitable types of trimmed ranges would be apparent to the skilled person (e.g., the 30% trimmed range or the 35%
trimmed range).

[0150] In some examples, no less than 50% of the second period of time overlaps the first period of time.

[0151] Optionally, the first and second periods of time have the same length.

[0152] The skilled person would be readily capable of developing a processing system for carrying out any herein
described method. Thus, each step of a flow chart may represent a different action performed by a processing system, and
may be performed by a respective module of the processing system.

[0153] As discussed above, the system makes use of a processing system to perform the data processing. The
processing system can be implemented in numerous ways, with software and/or hardware, to perform the various
functions required. The processing system typically employs one or more microprocessors that may be programmed using
software (e.g., microcode) to perform the required functions. The processing system may be implemented as a
combination of dedicated hardware to perform some functions and one or more programmed microprocessors and
associated circuitry to perform other functions.

[0154] Examples of circuitry that may be employed in various embodiments of the present disclosure include, but are not
limited to, conventional microprocessors, application specific integrated circuits (ASICs), and field-programmable gate
arrays (FPGAs). Thus, the processing system may be embodied as a digital and/or analog processing system.

[0155] In various implementations, the processing system may be associated with one or more storage media such as
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volatile and non-volatile computer memory such as RAM, PROM, EPROM, and EEPROM. The storage media may be
encoded with one or more programs that, when executed on one or more processing systems and/or controllers, perform
the required functions. Various storage media may be fixed within a processing system or controller may be transportable,
such that the one or more programs stored thereon can be loaded into a processing system.

[0156] 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 the drawings, the disclosure, and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps, and the indefinite article "a" or "an" does not exclude a plurality.
[0157] Functions implemented by a processing system may be implemented by a single processing system or by
multiple separate processing units which may together be considered to constitute a "processing system". Such
processing units may in some cases be remote from each other and communicate with each other in a wired or wireless
manner.

[0158] 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 advantage.

[0159] A computer program may be stored/distributed on a suitable medium, such as an optical storage medium or a
solid-state medium supplied together with or as part of other hardware, but may also be distributed in other forms, such as
via the Internet or other wired or wireless telecommunication systems.

[0160] If the term "adapted to" is used in the claims or description, it is noted the term "adapted to" is intended to be
equivalent to the term "configured to". If the term "arrangement” is used in the claims or description, it is noted the term
"arrangement" is intended to be equivalent to the term "system", and vice versa.

[0161] Any reference signs in the claims should not be construed as limiting the scope.

Claims

1. A computer-implemented method for determining a threshold value for use in distinguishing on which of a plurality of
categories of flooring a nozzle of a vacuum cleaner is positioned, wherein:

the plurality of categories of flooring includes a first category of flooring and a second, harder category of flooring;
the vacuum cleaneris operable in a soft-floor mode for use when the nozzle is on the first category of flooringand a
hard-floor mode for use when the nozzle is on the second category of flooring; and

the computer-implemented method comprises iteratively performing a sensor data obtaining process and a
threshold value defining process,

wherein the sensor data obtaining process comprises:

obtaining one or more new sensor values, each sensor value being a sample of a torque load dependent
parameter that is responsive to a torque load of a motor of the vacuum cleaner for rotating a brush located in
the nozzle of the vacuum cleaner; and

adding the one or more sensor values to a sensor dataset comprising a plurality of sensor values;

wherein the threshold value defining process comprises:
processing all sensor values in the sensor dataset to determine a statistical estimator of the sensor dataset;
and
only when no less than a predetermined percentage of the sensor values in the sensor dataset were sampled
when the vacuum cleaner was operating in the hard-floor mode, updating the threshold value using the
determined statistical estimator, wherein the predetermined percentage is no less than 50%.

2. The computer-implemented method of claim 1, wherein the predetermined percentage is 100%.

3. The computer-implemented method of claim 1 or 2, wherein the sensor data obtaining process further comprises
removing one or more oldest sensor values from the sensor dataset.

4. The computer-implemented method of claim 3, wherein the number of the new sensor values added to the sensor
dataset and the oldest sensor values removed from the sensor dataset is the same.

5. The computer-implemented method of any of claims 1 to 4, wherein the step of updating the threshold value
comprises:
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obtaining a previous threshold value, being a most recent update to the threshold value; and
performing a weighted sum of the previous threshold value and the determined statistical estimator.

The computer-implemented method of claim 5, wherein the step of performing a weighted sum comprises:

multiplying the previous threshold value by a first predetermined weight to produce a first weighted value;
multiplying the determined statistical estimator by a second predetermined weight to produce a second weighted
value;

summing the first and second weighted values to determine the threshold value,

wherein the sum of the first predetermined weight and the second predetermined weight is 1.

The computer-implemented method of any of claims 1 to 6, wherein processing all sensor values in the sensor dataset
comprises averaging all sensor values in the sensor dataset to determine a mean average sensor value of the sensor
dataset as the statistical estimator.

The computer-implemented method of any of claims 1 to 6, wherein processing all sensor values in the sensor dataset
comprises determining a trimmed mean of the sensor values in the sensor dataset to determine a trimmed mean
sensor value of the sensor dataset as the statistical estimator.

The computer-implemented method of any of claims 1 to 8, wherein the threshold value defining process comprises:

identifying a second statistical estimator of all sensor values in the sensor dataset; and

responsive to a difference between the second statistical estimator and the threshold value breaching the
predetermined value, preventing the updating of the threshold value until one or more predetermined conditions
are met.

The computer-implemented method of claim 9, wherein the second statistical estimator is a percentile value, being a
predetermined percentile of all sensor values in the sensor data set.

The computer-implemented method of claim 10, wherein the predetermined percentile is an Xth percentile of all
sensor values in the sensor data, wherein the value for X is between 10 and 40.

The computer-implemented method of any of claims 9 to 11, wherein the one or more predetermined conditions
comprises one or more of:

a predetermined period of time elapsing;

a predetermined number of new sensor values being obtained;

the difference between the second statistical estimator and the threshold value being less than the predetermined
value; and/or

an override indicator being received.

A computer-implemented method for distinguishing on which of a plurality of categories of flooring a nozzle of a
vacuum cleaner is positioned, the plurality of categories of flooring including a first category of flooring and a second,
harder category of flooring,

the computer-implemented method comprising determining a threshold value using the method of any of claims 1
to 12; and
iteratively performing a floor category determination process comprising:

obtaining the sensor dataset produced by the sensor data obtaining process;

determining a comparison value by processing the sensor dataset;

defining a threshold breach value using the threshold value produced by the threshold value defining
process;

determining that the nozzle of the vacuum cleaner is positioned on the first category of flooring responsive to
the comparison value breaching the threshold breach value; and

determining that the nozzle of the vacuum cleaner is positioned on the second category of flooring responsive
to the comparison value failing to breach the threshold breach value.
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14. A computer program product comprising computer program code means which, when executed on a computing
device having a processing system, cause the processing system to perform all of the steps of the method according to
any of claims 1 to 13.

15. A processing system for determining a threshold value for use in distinguishing on which of a plurality of categories of
flooring a nozzle of a vacuum cleaner is positioned, wherein:

the plurality of categories of flooring includes a first category of flooring and a second, harder category of flooring;
the vacuum cleaner is operable in a soft-floor mode for use when the nozzle is on the first category of flooring and a
hard-floor mode for use when the nozzle is on the second category of flooring; and

the processing system is configured to iteratively perform a sensor data obtaining process and a threshold value
defining process,

wherein the sensor data obtaining process comprises:

obtaining one or more new sensor values, each sensor value being a sample of a torque load dependent
parameter that is responsive to a torque load of a motor of the vacuum cleaner for rotating a brush located in
the nozzle of the vacuum cleaner; and

adding the one or more sensor values to a sensor dataset comprising a plurality of sensor values; and

wherein the threshold value defining process comprises:

processing all sensor values in the sensor dataset to determine a statistical estimator of the sensor dataset;
and

onlywhen no less than a predetermined percentage of the sensor values in the sensor dataset were sampled
when the vacuum cleaner was operating in the hard-floor mode, updating the threshold value using the
determined statistical estimator, wherein the predetermined percentage is no less than 50%.
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