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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates to a method and apparatus for measuring or estimating the velocity of a device in a
horizontal or vertical direction based on measurements of the acceleration experienced by the device. The invention
also relates to a method and apparatus for measuring or estimating the height or a change in the height of a device from
the estimated vertical velocity, or for estimating the horizontal position or displacement from the estimated horizontal
velocity.

BACKGROUND TO THE INVENTION

[0002] Falling is a significant problem in the care of the elderly that can lead to morbidity and mortality. From a physical
perspective, falls cause injuries, while from the mental perspective, falls cause fear-of falling, which in turn leads to social
isolation and depression.

[0003] Fall detection devices and systems are available that can provide an automated and reliable means for detecting
when a user has fallen. If a fall is detected, the device or system issues an alarm which summons help to the user. This
assures the user that adequate measures will be taken in the event that a fall occurs.

[0004] Commonly, fall detectors are based on an accelerometer (usually a 3D accelerometer that measures acceler-
ation in three dimensions) that is part of a device to be attached to the user’s body. The signals from the accelerometer
are processed to determine whether a fall has taken place.

[0005] The reliability of fall detection can be improved by making use of further sensors which can be used to detect
various different features that are characteristic of a fall. Important features include the impact of the user with the ground
during the fall, an orientation change as the user falls, and a reduction in the height of the sensor unit above the ground.
In EP 1642248, the use of an air pressure sensor is proposed to detect a change in the relative height measured by the
device.

[0006] Currently available air pressure sensors provide a resolution in the relative altitude of the order of 10 cm.
However, the nature of these pressure sensors means that their measurements are sensitive to gravity, and hence to
the orientation of the sensor unit. This can be addressed by compensating the pressure sensor measurements for the
orientation of the sensor unit, as described in WO 2009/101566. In addition, air pressure sensors clearly also respond
to barometric fluctuations in the environment, and therefore the fall detector needs to verify whether the height change
suggested by an increase in air pressure measurements is due (or can be due) to the motion of the sensor unit and the
user. A further problem with air pressure sensors is that they increase the complexity of the mechanical construction of
the device that houses the sensors. In particular, the device is required to have a fast-responding channel between the
air pressure sensor inside the device and the environmental air outside, with this channel also being shielded against
moisture, light, and other pollution.

[0007] Another approach to determining a measurement for the change in height is to use the accelerometer, as
described in WO 2011/064705. In this known device, acceleration acting on the device is detected in three dimensions
and the signal is filtered to remove acceleration due to gravity.

[0008] By integrating the vertical acceleration signal, a measure for vertical velocity can be obtained, and by integrating
the vertical velocity signal, a measure for position/height can be obtained. The integration typically requires knowledge
of the initial vertical velocity and initial position/height.

[0009] Since in fall detection one aim is to detect a change in height, i.e. a difference between two positions in time,
the integration can in fact be performed without knowledge of the value of the initial position, since it cancels in the
difference equation.

[0010] In addition, in fall detection, the initial vertical velocity is zero, provided the "initial" time moment is correctly
chosen. In common daily situations, this can be any point before the onset of the fall. It will be noted, however, that any
deviation from zero of the true, physical vertical velocity integrates over the chosen range to an errorin the position/height
estimation.

[0011] However, another problem in using double integration of an accelerometer signal concerns the proper separation
of the acceleration due to gravity from the component of acceleration due to the motion of the user. To achieve a precision
in height measurement of 10 cm over 1 second, the residual gravity component in the acceleration signal should stay
within 0.2 ms-2. Given that gravity is approximately 10 ms-2, gravity needs to be separated with an accuracy of a few
percent.

[0012] Since the orientation of the sensor unit is likely to be changing as the user falls, the direction of the vertical in
terms of the coordinate system of the sensor unit will be changing as well. Here, the same problem arises. An error in
the orientation estimation causes an error in the computation of the non-gravitational vertical component of acceleration.
For the same reason, an error in the orientation also implies an error in the calculation of the corresponding gravity
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component. These errors manifest themselves in the vertical velocity estimate and therefore also in the estimated height
(or change in height) of the device.

[0013] Furthermore, if the acceleration sensor is not properly calibrated, or has lost calibration over time, the sensed
gravity will also change with the orientation of the sensor unit.

[0014] Therefore, there is a need for an improved method and apparatus for measuring or estimating the velocity of
a device in a horizontal or vertical direction based on measurements of the acceleration experienced by the device that
overcomes the above problems.

SUMMARY OF THE INVENTION

[0015] According to a first aspect of the invention, there is provided a method of determining an estimate of the velocity
of adevice in a horizontal or vertical direction, the method comprising obtaining measurements of the acceleration acting
on the device in three dimensions; using a first filter and the obtained measurements to estimate acceleration due to
gravity; estimating the acceleration acting in a horizontal or vertical direction due to motion of the device using the
estimated acceleration due to gravity; integrating the estimate of the acceleration acting in said direction due to motion
of the device to give an estimate of the velocity in said direction; and using a second filter to remove offset from the
velocity to give a filtered velocity; wherein at least the second filter is a non-linear filter.

[0016] In one embodiment, the step of using a first filter and the obtained measurements to estimate acceleration due
to gravity comprises estimating the acceleration acting in a vertical direction on the device from the obtained measure-
ments; and applying the firstfilter to the estimate of the acceleration acting in a vertical direction to estimate the acceleration
due to gravity; wherein the step of estimating the acceleration comprises estimating the acceleration acting in a vertical
direction due to motion of the device; and wherein the step of estimating the acceleration acting in a vertical direction
due to motion of the device using the estimated acceleration due to gravity comprises subtracting the estimated accel-
eration due to gravity from the estimated acceleration acting in a vertical direction to give the estimate of the acceleration
acting in a vertical direction due to motion of the device.

[0017] In that embodiment, the step of estimating the acceleration acting in a vertical direction on the device from the
obtained measurements can comprise computing the norm of the obtained measurements.

[0018] In an alternative embodiment, the step of using a first filter and the obtained measurements to estimate accel-
eration due to gravity comprises applying the first filter to the obtained measurements to estimate the acceleration due
to gravity in three dimensions; and wherein the step of estimating the acceleration acting in a horizontal or vertical
direction due to motion of the device using the estimated acceleration due to gravity comprises using the estimated
acceleration due to gravity to estimate the acceleration acting in a horizontal or vertical direction from the obtained
measurements; and subtracting the estimated acceleration due to gravity from the estimated acceleration acting in said
direction to give the estimate of the acceleration acting in said direction due to motion of the device.

[0019] In one embodiment, the second filter is a non-linear filter and the first filter is a linear filter.

[0020] The non-linear filter can, for example, be selected from a median filter, a weighted median filter, a recursive
median filter, a subMedian filter, an adaptive median filter and a mode filter. The linear filter can, for example, be selected
from an estimator that outputs a constant value, a low-pass filter and a moving average filter.

[0021] In a preferred embodiment, both the first filter and the second filter are non-linear filters. The non-linear filters
can, for example, each be selected from a median filter, a weighted median filter, a recursive median filter, a subMedian
filter, an adaptive median filter and a mode filter.

[0022] According to a preferred embodiment of the invention, the operation of the first filter comprises downsampling
an input signal; and applying a non-linear filter to the downsampled signal.

[0023] Preferably, the step of downsampling comprises generating a plurality of downsampled signals, each having
a respective phase; and wherein the step of applying the non-linear filter comprises applying the non-linear filter to each
of the plurality of downsampled signals.

[0024] In one embodiment, the operation of the first filter further comprises combining the plurality of filtered signals
into a single signal; and upsampling the single signal to the original sampling rate.

[0025] In an alternative embodiment, the operation of the first filter further comprises upsampling each of the plurality
of filtered signals; and combining the plurality of upsampled filtered signals into a single signal.

[0026] In a preferred embodiment, the operation of the first filter further comprises prior to the step of downsampling,
applying a low-pass filter to the input signal to produce a low-pass filtered signal; wherein the step of downsampling
comprises downsampling the low-pass filtered signal to a rate based on the cut-off frequency of the low-pass filter.
[0027] According to a preferred embodiment of the invention, the operation of the second filter comprises computing
the median value in each of a plurality of subwindows centered at or near a sample of interest in an input signal; and
adapting the window size of a median filter used to generate an output value for the sample of interest based on the
computed median values; wherein the window size that is used to generate the output value is larger than that of the
subwindow centered on the sample of interest if the median value of the subwindow centered on the sample of interest
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is the maximum or minimum of the plurality of median values.

[0028] Inone embodiment, if the median value of the subwindow centered on the sample of interest is not the maximum
or minimum of the plurality of median values, the value determined for the sample preceding the sample of interest is
used as the output value.

[0029] According to an alternative embodiment of the invention, the operation of the second filter comprises computing
the median value in each of a plurality of subwindows centered at or near a sample of interest in an input signal; and
adapting the window size of a median filter used to generate an output value for the sample of interest based on the
computed median values, wherein the window size is adapted as follows:

- if the median value of the subwindow centered on the sample of interest is the maximum of the median values,
using a window size that is larger than that of the subwindow centre centered on the sample of interest to generate
an output value;

- ifthe median value of the subwindow centered on the sample of interest is the minimum of the median values, using
awindow size that is the same as that of the subwindow centered on the sample of interest to generate an output value;

- otherwise, using a window that corresponds to the subwindow centered on the sample of interest and the subwindow
that has the maximum of the median values to generate an output value.

[0030] This aspect of the invention also provides a method of estimating the position or height of a device, the method
comprising determining an estimate of the velocity of a device in a horizontal or vertical direction as described above;
and integrating the filtered velocity to give estimates of the position or height of the device.

[0031] Anotheraspectofthe invention provides a method of detecting a fall by a user of a device, the method comprising
estimating the height of the device as described in the preceding paragraph; and detecting a fall by examining changes
in the estimated height of the device over time.

[0032] A method of estimating the horizontal displacement or change in height of a device is also provided that
comprises determining an estimate of the velocity of a device in a horizontal or vertical direction as described above;
and summing the filtered velocity estimates in a time window over which the change in height is to be calculated.
[0033] Anotheraspectofthe invention provides a method of detecting a fall by a user of a device, the method comprising
estimating the change in height of the device as described in the preceding paragraph; and detecting a fall by examining
the estimated changes in the height of the device.

[0034] In some embodiments, after detecting a fall, the method further comprises examining changes in the height of
the device to detect an increase in the height of the device corresponding to the user getting up.

[0035] According to another aspect of the invention, there is provided a computer program product, comprising a
computer readable medium having computer program code embodied therein, the computer program code being con-
figured such that, upon execution by a computer or processor, the computer or processor performs the method as defined
in any of the above paragraphs.

[0036] According to a further aspect of the invention, there is provided an apparatus, comprising processing means
that is configured to receive measurements of the acceleration acting on a device in three-dimensions, use a first filter
and the measurements of the acceleration to estimate acceleration due to gravity; estimate the acceleration acting in a
horizontal or vertical direction due to motion of the device using the estimated acceleration due to gravity; integrate the
estimate of the acceleration acting in said direction due to motion of the device to give an estimate of velocity in said
direction; and use a second filter to remove offset from the velocity to give a filtered velocity; wherein at least the second
filter used by the processing means is a non-linear filter.

[0037] In one embodiment, the processing means is configured to use a first filter and the measurements of the
acceleration to estimate acceleration due to gravity by estimating the acceleration acting in a vertical direction on the
device from the measurements of the acceleration; and applying the first filter to the estimate of the acceleration acting
in a vertical direction to estimate the acceleration due to gravity; wherein the step of estimating the acceleration comprises
estimating the acceleration acting in a vertical direction due to motion of the device; and wherein the processing means
is configured to estimate the acceleration acting in a vertical direction due to motion of the device using the estimated
acceleration due to gravity by subtracting the estimated acceleration due to gravity from the estimated acceleration
actingin a vertical direction to give the estimate of the acceleration acting in a vertical direction due to motion of the device.
[0038] In this embodiment, the processing means may be configured to estimate the acceleration acting in a vertical
direction on the device from the received measurements by computing the norm of the received measurements.
[0039] In an alternative embodiment, the processing means is configured to use a first filter and the measurements
ofthe acceleration to estimate acceleration due to gravity by applying the firstfilter to the measurements of the acceleration
to estimate the acceleration due to gravity in three dimensions; and wherein the processing means is configured to
estimate the acceleration acting in a horizontal or vertical direction due to motion of the device using the estimated
acceleration due to gravity by: using the estimated acceleration due to gravity to estimate the acceleration acting in said
direction from the measurements of the acceleration; and subtracting the estimated acceleration due to gravity from the
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estimated acceleration acting in said direction to give the estimate of the acceleration acting in said direction due to
motion of the device.

[0040] In one embodiment, the second filter is a non-linear filter and the first filter is a linear filter. In an alternative
embodiment, the first filter is a non-linear filter and the second filter is a linear filter.

[0041] Preferably, the non-linear filter is selected from, for example, a median filter, a weighted median filter, a recursive
median filter, a subMedian filter, an adaptive median filter and a mode filter, and the linear filter is selected from, for
example, an estimator that outputs a constant value, a low-pass filter and a moving average filter.

[0042] In a preferred embodiment, both the first filter and the second filter are non-linear filters. The non-linear filters
can, for example, each be selected from a median filter, a weighted median filter, a recursive median filter, a subMedian
filter, an adaptive median filter and a mode filter.

[0043] According to a preferred embodiment of the invention, the first filter used by the processing means is configured
to downsample an input signal and apply a non-linear filter to the downsampled signal.

[0044] Preferably, the first filter is configured to downsample the input signal to generate a plurality of downsampled
signals, each having a respective phase; and wherein the first filter is configured to apply a non-linear filter to each of
the plurality of downsampled signals.

[0045] In one embodiment, the first filter is further configured to combine the plurality of filtered signals into a single
signal; and upsample the single signal to the original sampling rate.

[0046] In an alternative embodiment, the first filter is further configured to upsample each of the plurality of filtered
signals; and combine the plurality of upsampled filtered signals into a single signal.

[0047] In a preferred embodiment, the first filter is further configured to, prior to downsampling, apply a low-pass filter
to the input signal to produce a low-pass filtered signal; wherein the first filter is configured to downsample the low-pass
filtered signal to a rate based on the cut-off frequency of the low-pass filter.

[0048] According to a preferred embodiment of the invention, the second filter used by the processing means is
configured to compute the median value in each of a plurality of subwindows centered at or near a sample of interest
in an input signal; and adapt the window size of a median filter used to generate an output value for the sample of interest
based on the computed median values, wherein

- ifthe median value of the subwindow centered on the sample of interest is the maximum or minimum of the plurality
of median values, a window size is used to generate an output value that is larger than that of the subwindow
centered on the sample of interest.

[0049] In one embodiment, if the median value of the subwindow centered on the sample of interest is not the maximum
or minimum of the plurality of median values, the second filter is configured to use the value determined for the sample
preceding the sample of interest is used as the output value.

[0050] According to an alternative embodiment of the invention, the second filter used by the processing means is
configured to compute the median value in each of a plurality of subwindows centered at or near a sample of interest
in an input signal; and adapt the window size of a median filter used to generate an output value for the sample of interest
based on the computed median values, wherein the window size is adapted as follows:

- if the median value of the subwindow centered on the sample of interest is the maximum of the median values,
using a window size that is larger than that of the subwindow centre centered on the sample of interest to generate
an output value;

- ifthe median value of the subwindow centered on the sample of interest is the minimum of the median values, using
awindow size that is the same as that of the subwindow centered on the sample of interest to generate an output value;

- otherwise, using a window that corresponds to the subwindow centered on the sample of interest and the subwindow
that has the maximum of the median values to generate an output value.

[0051] In afurther embodiment, the processing means is further configured to estimate the horizontal position or height
of a device from the filtered velocity by integrating the filtered velocity to give the position or height of the device.
[0052] In another embodiment, the processing means is further configured to estimate the horizontal displacement or
change in height of the device by summing the filtered velocity estimates in a time window over which the displacement
or change in height is to be calculated.

[0053] In a preferred embodiment the apparatus is for use in detecting falls by a user of a device, and wherein the
processing means is further configured to detect a fall by examining changes in the estimated height of the device over
time.

[0054] In another preferred embodiment, the apparatus is for use in detecting falls by a user of a device, and wherein
the processing means is further configured to detect a fall by examining the estimated changes in the height of the device.
[0055] In a further embodiment the processing means is further configured to, after detecting a fall, examine changes



10

15

20

25

30

35

40

45

50

EP 2 745 120 B1

in the height of the device to detect an increase in the height of the device corresponding to the user getting up.
[0056] According to another aspect of the invention, there is provided a device that is configured to be worn by a user,
and the device comprises an accelerometer that measures the acceleration acting on the device in three-dimensions;
and an apparatus as described above.

[0057] According to yet another aspect of the invention, there is provided a system that comprises a device that is
configured to be worn by a user, the device comprising an accelerometer that measures the acceleration acting on the
device in three-dimensions; and a base unit that is configured to communicate with the device. The base unit comprises
an apparatus as described above for processing the measurements of acceleration received from the device.

[0058] According to another aspect of the invention, there is provided a filter for filtering a digital signal, the filter being
configured to downsample an input signal and apply a non-linear filter to the downsampled signal.

[0059] Preferably, thefilter is configured to downsample the input signal to generate a plurality of downsampled signals,
each having a respective phase; and wherein the filter is configured to apply a non-linear filter to each of the plurality of
downsampled signals.

[0060] In one embodiment, the filter is further configured to combine the plurality of filtered signals into a single signal;
and upsample the single signal to the original sampling rate.

[0061] In an alternative embodiment, the filter is further configured to upsample each of the plurality of filtered signals;
and combine the plurality of upsampled filtered signals into a single signal.

[0062] In a preferred embodiment, the filter is further configured to, prior to downsampling, apply a low-pass filter to
the input signal to produce a low-pass filtered signal; wherein the filter is configured to downsample the low-pass filtered
signal to a rate based on the cut-off frequency of the low-pass filter.

[0063] According to yet another aspect of the invention, there is provided a filter for filtering a digital signal, the filter
being configured to compute the median value in each of a plurality of subwindows centered at or near a sample of
interest in an input signal; and adapt the window size of a median filter used to generate an output value for the sample
of interest based on the computed median values, wherein the window size that is used to generate the output value is
larger than that of the subwindow centered on the sample of interest if the median value of the subwindow centered on
the sample of interest is the maximum or minimum of the plurality of median values.

[0064] Accordingto furtheraspects of theinvention, there are provided methods offiltering a digital signal corresponding
to the filters defined above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0065] Particular embodiments of the invention will now be described, by way of example only, with reference to the
following drawings, in which:

Figs. 1(a) and (b) are block diagrams of a device and system in accordance with embodiments of the invention
respectively;

Fig. 2 is a block diagram illustrating the processing of an accelerometer signal to determine a height change in
accordance with an embodiment of the invention;

Fig. 3 is a flow chart illustrating a method of processing an accelerometer signal to determine a height change in
accordance with an embodiment of the invention;

Figs. 4(a) to 4(f) is a series of graphs showing the signals at various stages of the processing according to an
embodiment of the invention; and

Fig. 5 is a set of graphs showing the change in height and height estimated from an exemplary set of acceleration
measurements;

Fig. 6 is a block diagram of a subMedian filter used in preferred embodiments of the invention;

Fig. 7 is a graph illustrating a basic principle of operation of the subMedian filter;

Fig. 8 is another graph illustrating the operation of the subMedian filter;

Fig. 9 is a flow chart illustrating an exemplary method of operating the subMedian filter;

Fig. 10is a graph illustrating the result of applying a subMedian filter to a signal comprising a set of sinusoidal signals
and Gaussian noise;

Fig. 11 is a graph illustrating the median filter subwindows used by an adaptive median filter used in preferred
embodiments of the invention; and

Fig. 12 is a block diagram of an exemplary adaptive median filter used in preferred embodiments of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0066] The invention will be described below in terms of its use in detecting falls by a user (in which the estimated
vertical velocity can optionally be used to give the height, or change in height, of a device worn by a user), it will be
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appreciated that the invention can be used in other applications, such as in monitoring the physical activity of users (for
example calculating the energy expended or power exerted during activity, or calculating the type of activity such as
walking, sitting, lying, and standing). In these applications, the horizontal or vertical velocity may be used directly and/or
also further integrated to determine the displacement or height of the device worn by the user. In the description of the
invention provided below, the estimation of vertical velocity and height is described in detail, but it will be appreciated
by those skilled in the art that the described techniques can be used to determine the horizontal component of acceleration
and therefore the horizontal velocity and horizontal position or displacement.

[0067] Furthermore, although in the fall detection application described below the height or changes in height of the
device/user are estimated from acceleration measurements in order to determine if a fall has taken place, the estimated
height of the device can also be used to determine whether the user is getting up after a fall (in which case a fall alarm
can potentially be revoked), or the length of time that the user has been lying on the floor.

[0068] Figure 1(a) illustrates an exemplary device 2 that implements a method of determining vertical velocity in
accordance with the invention for the purpose of fall detection. The device 2 is in the form of a sensor unit that is to be
worn by a user. The device 2 can be provided in the form of a pendant with a neck cord for placement around the user’s
neck, but alternatively the device 2 can be configured to be worn at or on a different part of the user’s body, such as the
wrist, waist, trunk, pelvis or sternum, and will comprise a suitable arrangement for attaching the device 2 to that part of
the body (for example a belt or a strap).

[0069] The device 2 is used to measure the accelerations experienced by the user and to process the measurements
to determine the vertical velocity and then the change in height of the device 2 (and hence the change in height of the
user). Although not described herein, it will be appreciated that a device 2 may perform additional processing on the
acceleration measurements to identify other characteristics of a fall, such as an impact or a period of immobility following
an impact. It will also be appreciated that the device 2 may contain further sensors, such as a gyroscope, magnetometer,
air pressure sensor and/or air flow sensor, whose signals can be processed to determine, or to assist in determining,
height, orientation or other characteristics associated with a fall.

[0070] The device 2 comprises an accelerometer 4 that measures acceleration along three orthogonal axes. The
signals output by the accelerometer 4 are provided to a processor 6 for analysis. As illustrated, the device 2 comprises
an audible alarm unit 8 that can be triggered by the processor 6 if a fall is detected. This alarm can summon help to the
user. However, it will be appreciated that the presence of an audible alarm unit in the device 2 is optional. A further
optional component is a help button that can be pressed by a user to summon help.

[0071] The device 2 further comprises transmitter or transceiver circuitry 9 and associated antenna 10 that can be
used for transmitting the results of the processing to a remote (base) unit or for placing an emergency call to a call centre
to summon help in the event that a fall is detected or in the event that a help button (if present) has been pressed.
[0072] The device 2 also optionally comprises a memory 11 that is used for storing measurements from the acceler-
ometer 4, and for storing the results of the processing by the processor 6.

[0073] In some embodiments, the accelerometer 4 is a micro-electromechanical system (MEMS) accelerometer.
[0074] The acceleration experienced by the accelerometer 4 can be sampled at a rate of 30 Hz, although it will be
appreciated that many other sampling frequencies can be used (for example 50 Hz).

[0075] In an alternative embodiment of the invention, as illustrated in Figure 1(b), the device 2 is part of a system 12
in which the processing of the accelerometer measurements can be performed in a base unit 13 that is separate to the
device 2 worn by the user. In that case, the accelerometer measurements can be transmitted from the device/sensor
unit 2 to the base unit 13 via the transceiver circuitry 9.

[0076] The base unit 13 comprises transceiver circuitry 14 and antenna 15 for receiving transmissions (such as the
accelerometer measurements) from the device 2 and a processor 16 for processing the measurements according to the
invention.

[0077] The base unit 13 also optionally comprises a memory 17 that is used for storing accelerometer measurements
received from the device 2, and for storing the results of the processing by the processor 16.

[0078] The transceiver circuitry 14 may be configured for wirelessly placing an emergency call to a call centre, and/or
may be configured for connection to a conventional PSTN line via port 18.

[0079] In a further alternative, the device 2 may perform some of the initial processing steps on the accelerometer
measurements before transmitting the results to the base unit 13 which, for example, completes the processing and
estimates the vertical velocity and change in height of the device 2.

[0080] It will be appreciated that only components of the device 2 (and system 12) that are required for explaining the
invention have been illustrated in Figures 1(a) and (b), and a device 2 (or system 12) according to the invention may
include further components and functionality to those described herein. For example, it will be appreciated that a device
2 (and base unit 13) will include some form of power source or supply and circuitry for controlling the operation of the
device 2 (and base unit 13).

[0081] The following description of the invention refers to the device 2 shown in Figure 1(a), but it will be readily
appreciated by those skilled in the art how the invention can be adapted for use in the system 12 shown in Figure 1(b).
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[0082] Briefly, the method of determining an estimate of the velocity of a device in a vertical direction according to the
illustrated embodiments of the invention comprises obtaining measurements of the acceleration acting in a vertical
direction on the device 2 using the accelerometer 4, using a first filter to remove acceleration due to gravity from the
obtained measurements to give an estimate of the acceleration acting in a vertical direction due to motion of the device
2, integrating the estimate of the acceleration acting in a vertical direction due to motion of the device to give an estimate
of vertical velocity and using a second filter to remove offset and optionally drift from the vertical velocity to give a filtered
vertical velocity. According to the invention, at least the second filter is a non-linear filter.

[0083] Figure 2 shows a block diagram of the processing required to estimate the vertical velocity and then the change
in heightaccording to an embodiment of the invention. It will be appreciated by those skilled in the art that these processing
blocks can be implemented within the processor 6 of the device 2 or as separate electronic components. A flow chart
illustrating a corresponding method of estimating the vertical velocity is shown in Figure 3 (steps 101-113), along with
the further step (step 115) of estimating the height from the vertical velocity. Figures 4(a)-(f) are graphs illustrating the
signals at various stages of the processing shown in Figure 2.

[0084] As an initial step (step 101), a series of measurements of the acceleration acting on the accelerometer 4 (and
therefore device 2) are collected. As indicated above, the accelerometer 4 measures acceleration in three dimensions
and outputs a respective signal for each of the measurement axes.

[0085] The accelerometer measurements are provided to a first processing block 22 that processes the measurements
to identify the component of acceleration acting in the vertical direction. This processing is represented in Figure 3 by
step 103, and can be performed in a number of different ways.

[0086] For an accurate estimation of the vertical acceleration to made, it is desirable to obtain an accurate estimation
of the orientation of the accelerometer 4 (and therefore device 2) so that a coordinate transformation (rotation) can be
applied to the accelerometer measurements.

[0087] This orientation estimation can be obtained when the device 2 comprises a further sensor, such as a gyroscope
and/or magnetometer, and the output from these sensors, possibly together with that from the accelerometer 4, is used
to determine the coordinate transformation (rotation) to be applied to the accelerometer measurements. After coordinate
transformation, the vertical component of acceleration can easily be identified.

[0088] Alternatively, acceleration due to gravity (which by definition acts in the vertical direction) can be estimated as
the low-pass component of the accelerometer measurements (making sure that the magnitude of the low-pass component
is constant), and the direction that this component acts can be used to determine the (vertical) orientation of the accel-
erometer 4. The acceleration in the direction of the low-pass filtered acceleration will correspond to the acceleration in
the vertical direction. As a yet further alternative, the output of a process that is similar to that performed by processing
block 24 when using a non-linear filter described below can be used to obtain an estimate of gravity and hence its
direction (itis similar in the sense that it now operates on each of the components of the three-dimensional accelerometer
signal).

[0089] A simpler way to estimate the vertical component of acceleration is to compute the norm of the 3D acceleration
measurements. The signals output for each of the three measurement axes include gravity, which points in the vertical
direction, and can be assumed to have a relatively large magnitude relative to accelerations due to motion. The accel-
erations due to motion and due to gravity combine as a vector sum. When computing the norm of this vector sum the
contribution of the horizontal components are relatively small, since they are orthogonal to the gravity component and
small in magnitude compared to this gravity component. Accelerations in the vertical direction will appear in the norm
with an unaltered magnitude, provided that, when they are in a downward direction, they do not exceed gravity (otherwise
the norm will turn the net negative component into a positive one, where an upward acceleration, such as by gravity
alone, is defined positive). So, the norm is a cost-effective estimator of the vertical acceleration (including gravity).
However, as suggested above, significant horizontal accelerations and large downward accelerations (i.e. exceeding
gravity) will introduce distortions in the estimated vertical acceleration.

[0090] If the device 2 is implemented as, for example, a pendant to be worn around a user’s neck, the device 2 will
typically be in one particular orientation, and knowledge of this orientation can be used to identify the vertical component
of acceleration from the accelerometer measurements. However, it will be appreciated that this approach is potentially
subject to large errors if the device 2 is not worn properly or if its orientation changes during normal use or during a fall.
[0091] Another approach is described in WO 2010/035191 which describes a technique for estimating the vertical
component of acceleration from a 3D accelerometer signal having an arbitrary orientation. According to that technique,
the vertical component of acceleration is estimated by (i) examining the signals from the accelerometer to identify the
axis of the accelerometer having the highest component of acceleration, (ii) determining the orientation of the acceler-
ometer by determining the angle between the acceleration acting on the accelerometer (this acceleration being assumed
to be generally due to gravity) and the axis with the highest component of acceleration and (iii) using the estimated
orientation of the accelerometer to determine the acceleration in the vertical direction from the measurements of accel-
eration.

[0092] The vertical component of acceleration output by the first processing block 22 is denoted acc, in Figure 2, and
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an exemplary vertical component signal is shown in Figure 4(a). This signal covers a period of time in which an increase
in height occurs (around time 1368 seconds); where the device has been lifted from a stationary position on a desk and
held in the hand, which induces some vibration. The vertical component of acceleration is provided to a second processing
block 24 and to an addition/subtraction block 26.

[0093] Processing block 24 estimates the acceleration due to gravity in the vertical component of acceleration (cor-
responding to step 105 in Figure 3) using a first filter.

[0094] In a simple embodiment, processing block 24 uses a constant value for gravity. This value may be 9.81 ms-2,
but it may be a different value, depending on the particular characteristics or calibration of the accelerometer 4. For
example, it is not uncommon for an accelerometer 4 to output values for acceleration that are out from the actual values
by 0.2 ms-2 or more, and this can be factored in to the constant value used. This can be seen in Figure 4(a) where the
constant value is greater than 10 ms-2. In this simple embodiment, processing block 24 can apply an estimator to the
vertical component of acceleration that outputs a constant value for gravity (e.g. 9.81 ms-2). As known, apart from the
constant output, the estimator can be understood to be a filter.

[0095] In an alternative embodiment, processing block 24 can apply a linear filter to the vertical component of accel-
eration to provide the estimate for gravity. The linear filter can be a low-pass filter with an appropriate cut-off frequency.
For example, the filter can be a moving average filter.

[0096] As known, a linear filter is characterized by its impulse response curve. A pulse at its input results in a signal
that is spread in time. Therefore, a sudden change in acceleration, which happens during a fall, can be seen as a pulse
superimposed on the continuously sensed gravity signal. Consequently, when estimating a gravitational component
using a linear filter, there will be an over and under estimation due to the impulse spread. The severity of the over or
under estimation depends on the bandwidth of the filter (or length of the impulse response). These over and under
estimations will be treated in the subsequent integration step as part of the vertical acceleration due to motion and hence
will lead to an erroneous velocity estimate, and thus position estimate too.

[0097] Furthermore, the component of gravity along each of the measurement axes of the accelerometer 4 changes
when the orientation of the accelerometer 4 changes. This change appears as a transient error in the estimated gravity.
The transient error is similar to the impulse response and has the same spread (more precisely, it is a step response).
This spread also results in an error in the velocity and position estimate after the integration steps. This type of error is
not present in the embodiment where the norm is used, assuming no calibration error, since the norm is insensitive of
orientation.

[0098] Where the vertical component of acceleration is estimated (as in the process described above), this orientation
change is taken into account, and the effect is reduced to the level of errors in the orientation estimated by block 22
(and in step 103). In the event that the measurements from the accelerometer 4 include an offset (e.g. the 0.2 ms-2
mentioned above), the change in orientation will cause a change in magnitude of the sensed gravity component due to
that offset. This is another effect that can cause transient errors, which again may appear as errors in the position
estimate if not properly filtered.

[0099] Therefore, in view of these problems, in preferred embodiments of the invention, processing block 24 applies
a non-linear filter to the vertical component of acceleration to provide an estimate for gravity. This is because a non-
linear filter is much more capable of "ignoring" the sudden change in acceleration that occurs during a fall, or of following
the transient that occurs upon a change in orientation.

[0100] In one preferred embodiment, the non-linear filter is a median filter. As known, a median filter processes each
sample in the input signal in turn, replacing each sample with the median of a number of neighboring samples. The
number of samples considered at each stage is determined by the window size of the filter. A typical half window size
can be 1.6 seconds (so the window encompasses 1.6 seconds worth of samples before the current sample and 1.6
seconds worth of samples after the current sample).

[0101] A median filter is known for suppressing pepper-and-salt noise in video images, i.e. suppressing (black-and-
white) signal spikes of short duration. The accelerations experienced during a fall can be considered as a spike in the
acceleration signal of (relatively) short duration, and therefore removing this spike using a median filter will therefore
produce a much better estimate of gravity, and does not suffer from the response spread problems associated with
linear filters.

[0102] In another particularly preferred embodiment, the non-linear filter is a recursive median filter. This type of filter
has the property that it tends to stick to its previous estimates (of gravity). In this way, a fluctuation in the acceleration
does not immediately appear as crosstalk in the estimate of the gravity component, while a change, e.g. a step due to
an orientation change and poor calibration of the accelerometer 4, is still followed.

[0103] As known, a recursive median filter is similar to a median filter, except that in computing the median for a
particular sample it uses the already-computed median values in the sample window, rather than the original sample
values in the signal.

[0104] The recursive median filter can be a forward or backward recursive median filter, which determines the direction
in which the vertical acceleration signal is filtered.
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[0105] The forward recursive median filter will try to keep the past values (i.e. keep them constant), while the backwards
recursive median will try to keep the future values. Depending on the nature of the signal, the output of each of these
types of recursive median filter can be different. For example, where the signal before a pulse has a lower value than
after the pulse, a forward recursive median filter will tend to use the lower value, while the backwards recursive median
filter will tend to use the higher value, and there will be a difference between the two outputs. Thus, it is possible to apply
both filters separately to the vertical acceleration signal and average the results to obtain the gravity component. Alter-
natively linear interpolation between the points where the two filter outputs diverge can be used. Those skilled in the art
will appreciate that it is possible to use other forms of combining the two results.

[0106] In an alternative embodiment, the non-linear filter is a weighted median filter, in which a respective weight is
applied to each sample in the filter window.

[0107] In yet another alternative embodiment, the non-linear filter is a mode filter. This filter takes the sample value
to which most of the sample values in the current window are closest.

[0108] In another embodiment, hybrid versions are used to filter the vertical acceleration. This filter estimates gravity
and a decision process is run to decide what value to use. This decision can be to use a combination of estimates by
different filters or to freeze the estimated gravity when the level of motion exceeds a threshold, for example.

[0109] In anther particularly preferred embodiment (although more complex than the use of a normal median filter or
recursive median filter), a modified median filter, referred to herein as a subMedian filter, is used to filter the vertical
acceleration. The subMedian filter is described in more detail below.

[0110] Figure 4(b) shows the estimate of the acceleration due to gravity output by processing block 24 when a linear
low-pass (moving average) filter is applied to the vertical acceleration signal (represented by line 50) and when a non-
linear median filter is applied to the vertical acceleration signal (represented by line 60).

[0111] Although not illustrated in Figure 2, it is possible to apply a further filter to the estimate of the gravitational
acceleration to smooth the signal.

[0112] Where the device 2 is also configured to process the accelerometer measurements to determine if the user is
getting up following a detected fall, it is possible to time-shift the estimated acceleration due to gravity by one or two
seconds. When the user is lying on the floor, the signal for the gravitational component is relatively smooth (i.e. constant).
Therefore, by time-shifting the gravitational estimate, a constant value can be used during the period where the user
might be getting up.

[0113] The estimate of the acceleration due to gravity output by processing block 24 is provided to the addition/sub-
traction block 26 where it is subtracted from the vertical component of acceleration output by the first processing block
22 to leave the acceleration in the vertical direction due to the motion of the device 2 (step 107). The estimated vertical
acceleration due to motion output by block 26 (after subtracting the gravity estimate obtained using the non-linear median
filter - labeled 61, and after subtracting the gravity estimate obtained using a moving average filter - labeled 51) is shown
in Figure 4(c).

[0114] It will be appreciated that the output of processing block 24 may be delayed with respect to the estimate of
vertical acceleration provided directly to the addition/subtraction block 26 due to the time required for the processing by
processing block 24. Therefore, the inputs to block 26 can be synchronized (for example by introducing a delay into the
vertical acceleration estimate, acc,).

[0115] It will also be appreciated that the non-linear median filter 24 that is applied to the vertical acceleration signal
and the subsequentaddition/subtraction block 26 can be replaced by a singlefilter, referred to herein as a’complementary’
median filter, which acts in the opposite way to the median filter, i.e. it passes the parts of the signal blocked by the
median filter and blocks the parts of the signal passed by the median filter. Thus, the 'complementary’ median filter
passes the pulses of short duration representing the vertical acceleration due to motion of the device 2 and removes
the gravitational acceleration in the vertical acceleration signal. Referring to Figure 3, this complementary filter would
correspond to a combination of steps 105 and 107.

[0116] The signal representing the vertical acceleration due to the motion of the device 2 is then integrated with respect
to time by processing block 28 to give an estimate of the velocity in the vertical direction (step 109). The initial velocity
value v(ty) input to the integration block 28 is unknown, but is typically assumed to be zero. In any case, the next filtering
stage (described further below) removes offset and drift in the vertical velocity signal, and therefore the initial velocity
component (if non-zero) will be substantially removed.

[0117] It has been found that the gravity-free acceleration signal (shown in Figure 4(c)), is not a perfect representation
of the accelerations due to the physical movement of the device 2. The signal is distorted, effectively causing an additional
velocity component in the output of the integration block 28. It has been assumed that the distortion is caused by the
orientation estimation process performed by processing block 22. The distortion is not constant, but relates to the
movement signal, and therefore cannot be filtered as part of the gravity estimation by processing block 24. However,
after the integration by block 28, the distortion primarily causes a monotonous component. This can be seen, for example,
in the line labeled 62 in Figure 4(d) where the integration has left an offset of about 0.25 ms™1 in the velocity. If a linear
filter is used at the gravity estimation stage, the errors in the estimated gravity due to the filter response spread cause
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significant velocity components (shown in the line labeled 52 in Figure 4(d)).

[0118] Therefore, in accordance with the invention, the signal representing the vertical velocity is provided to a fourth
processing block 30 which applies a filter to the vertical velocity signal to estimate the offset and any drift components
present in that signal (step 111). The result of this filtering is a signal representing the fluctuations of the monotonous
(i.e. offset and drift) component.

[0119] Traditional linear filters to obtain a DC (constant) or slowly changing (offset and drift) component include low-
pass filter and moving average filters (which also exhibits low pass behavior). However, these filters affect adjacent
samples through the time response corresponding to the filter. So, while an offset may be removed, a compensating
"ghost offset" will appear before and after the corrected stretch of samples. These "ghost offsets" can significantly obscure
the result of integrating the corrected stretch of samples to obtain a change in height.

[0120] Therefore, this problem is overcome by the processing block 30 preferably applying a non-linear filter to the
vertical velocity signal to remove the offset and drift present in the signal (step 111).

[0121] In a preferred embodiment, the processing block 30 applies a median filter to the vertical velocity signal. As
described above, the median filter effectively blocks pulses and oscillations in a signal while passing constant and edges
(i.e. the offset and drift). A typical half window size for this filter can be 0.8 seconds (so the window encompasses 0.8
seconds worth of samples before the current sample and 0.8 seconds worth of samples after the current sample). In
alternative preferred embodiments, the processing block 30 can apply a weighted median filter or a mode filter to the
vertical velocity signal.

[0122] In a particularly preferred embodiment, the processing block 30 applies a median filter referred to herein as an
"adaptive median’ filter. The adaptive median filter will be described in more detail below.

[0123] The signal representing the offset and drift in the vertical velocity signal that is obtained using a non-linear
median filter and that is output of the processing block 30 is shown as dotted line 63 in Figure 4(d). A signal representing
offset and drift in the vertical velocity signal that is obtained using a linear moving average filter and that includes a 'ghost
offset’ as described above, is shown as dotted line 53 in Figure 4(d).

[0124] This signal is input to an addition/subtraction block 32 along with the vertical velocity signal from integration
block 28, where it is subtracted from the vertical velocity signal to give an offset and drift free vertical velocity signal
(step 113). This signalis shown by line 64 in Figure 4(e). Thus, the non-linear filter(s) applied during the earlier processing
stages result in a more accurate estimate of the actual vertical velocity of the device 2. The equivalent vertical velocity
obtained through the application of a linear moving average filter to the estimate of vertical velocity is shown by line 54
in Figure 4(e), and it can be seen that part of the spread in the velocity has been removed, but a significant reversed
component remains near the peak.

[0125] As with addition/subtraction block 26, the inputs to addition/subtraction block 32 may need to be synchronized
to compensate for the delay introduced by processing block 30.

[0126] It will be appreciated that the non-linear median filter 30 that is applied to the vertical velocity signal and the
subsequent addition/subtraction block 32 can be replaced by single filter, referred to herein as a’complementary’ median
filter, which acts in the opposite way to the median filter, i.e. it passes the parts of the signal blocked by the median filter
and blocks the parts of the signal passed by the median filter. Thus, the ‘complementary’ median filter passes the pulses
of short duration representing the actual velocity of the device 2 and removes the offset and drift present in the vertical
velocity signal.

[0127] The offset and drift free vertical velocity signal is then integrated with respect to time by processing block 34
to give the height or change in height of the device 2 (step 115). The initial position value p(ty) input to the integration
block 34 will typically be unknown, but where the result of the integration is used to determine a change in the height,
knowledge of the initial position is unnecessary. If it is desired to calculate the actual height, some calibration or initiation
will be required in order to set p(ty).

[0128] As suggested above, the device 2 is processing the accelerometer measurements in order to determine when
there has been a change in height of the device 2 of a magnitude that corresponds to a fall by the user of the device 2.
In addition, it will be appreciated that a change in height observed in the obtained height estimates that is indicative of
a fall should be 'sustained’, indicating that the device 2 is at a different height after the event than before. In other words,
there should be a change in height from a first height before the fall to a second height (that is less than the first height)
after the fall. Line 65 in Figure 4(f) shows the position estimates obtained when non-linear filters are used during the
processing, and indicates that a 'sustained’ height change has occurred (although it will be noted that this figure indicates
an increase in height rather than a fall). Line 55 in Figure 4(f) shows the position estimates obtained when linear filters
are used during the processing, and indicates that the erroneous velocity components that resulted from the filter response
spreads compensate the rise completely, leaving effectively no (sustained) height change.

[0129] The output of integration block 34 provides the estimate of height. A change in height, as used to detect a fall
or a rise (standing-up), results from computing the difference between the estimated heights at two time instants, for
example at the current time instant and at a couple of (e.g. 2) seconds ago. There are multiple ways in which the change
in height can be used in the decision logic for detecting a fall. For example, it can be determined whether the computed

1"



10

15

20

25

30

35

40

45

50

55

EP 2 745 120 B1

change in height exceeds a (downwards) threshold. A more sophisticated example would be to use the size of the
change itself in a probability metric.

[0130] The change in height can be computed directly from the velocity estimates output by addition/subtraction block
32, bypassing integrator 34, by using a ‘'moving integrator’ or summer that integrates (sums) between the time instants
between which the height change is to be computed. The moving summer is similar to a moving average filter, except
that the division (averaging) by the moving average filter’'s window length is omitted. So, basically, the velocity samples
in the window are summed and returned as the output, where the window is the region between the two time instants.
The preferred approach (integrate first and compute differences or compute moving sum) is down to consideration of
computational load. The choice can be influenced by other factors, such as, for example, the number of window sizes
over which the height difference is to be computed. The implementation of the moving summer can be optimized using
similar techniques as known for MA filter implementations.

[0131] Figure 5 shows the results of the processing according to the invention that is performed using a subMedian
filter as the first filter 24 and a median filter as the second filter 30 on accelerometer measurements obtained during a
fall. Thus, the graphs show the altitude drop (i.e. the change in height) and height (relative to an initial height of approx-
imately zero) derived from the accelerometer measurements shown in the bottom graph. The height difference in the
top graph is computed as the difference between the current height estimate and the height estimate a predetermined
time period ago (in this example, the time period is 2 seconds). So, a drop in height results at the onset of the fall and
remains visible for 2 seconds in the graph until the 'predetermined time period ago’ passes the onset (i.e. 2 seconds
later in this example).

[0132] Thus, in Figure 5, there is a change in height indicative of a fall that occurs at around time t = 509 (see top
graph) and this change in height results in a sustained difference in the height of the device 2 (e.g. see the middle graph
- the height of the device 2 observed in a time window before the change in height is higher than the height of the device
2 observed in a time window after the change in height.

[0133] As described above with reference to Figures 2 and 3, the acceleration acting in a vertical direction is estimated
from the three-dimensional accelerometer measurements (for example by taking the norm of the accelerometer meas-
urements) and then the filter is applied to the one-dimensional vertical acceleration estimate in order to estimate the
acceleration due to gravity. However, in an alternative embodiment, the first filter can be applied to the signals from each
of the measurement axes of the accelerometer 4 in order to estimate the acceleration due to gravity in three dimensions,
prior to the estimation of the vertical component of acceleration. This three-dimensional gravity estimate can then be
used to estimate the vertical component of acceleration in the three-dimensional accelerometer measurements, where-
after the gravity estimate (or another gravity estimate obtained using a further filter - the same or a different type to the
first filter) is subtracted from the estimated vertical component to give the estimated vertical acceleration due to the
motion of the device. In addition, using this approach the horizontal accelerations (due to motion) can be estimated and
be processed in a similar manner to estimate horizontal velocity and displacement.

subMedian Filter

[0134] As described above, in a preferred embodiment of the invention, a filter, termed herein as a 'subMedian’ filter,
is applied to the estimate of the vertical acceleration output by processing block 22 in order to estimate the gravity
component in that signal. Alternatively, the subMedian filter can be used to estimate the three-dimensional acceleration
due to gravity in the three-dimensional signals received from the accelerometer 4.

[0135] Also as indicated above, the gravitational component in the acceleration signal is more or less constant (i.e.
DC), it changes direction in the accelerometer’s frame of reference when the accelerometer 4 and device 2 are rotated,
and the norm of the three-dimensional accelerometer measurements change when the accelerometer 4 is not perfectly
calibrated.

[0136] Therefore, the filter applied to the accelerometer measurements (or the estimate of vertical acceleration) is
required to output the DC component in the signal and to follow changes (for example due to rotations) instantaneously
(i.e. no spread should be introduced as a result of applying the filter).

[0137] A low-pass filter is able to return the DC component, but introduces spread and doesn’t quickly follow changes
when the orientation of the accelerometer 4 changes. A median filter, although generally providing an acceptable output,
can drift when the input signal is more complex (for example, a gentle but continuous movement of the accelerometer
4 up and down over a short height difference, followed by a large height change and a continuation of the short up and
down movement, may reveal a drift in the output representing the estimated gravity component).

[0138] Therefore, a subMedian filter has been designed that combines alow-pass filter and a non-linearfilter. Preferably
this filter is a median filter or a median-based variant. An exemplary subMedian filter 70 is shown in Figure 6.

[0139] Thus, a signal is input to a low-pass filter 72, and the low-pass filtered signal is input to a median filter 74. The
low-pass filter 72 can have a larger bandwidth than when used alone, which allows the removal of some of the high
frequency components in the input signal, but still allows quick movements to be followed.
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[0140] The median filter 74 can alternatively be a median variant, such as a recursive median filter or a weighted
median filter.

[0141] Since the input signal is low-pass filtered, according to the Nyquist-Shannon sampling theorem the low-pass
filtered signal can be downsampled to the Nyquist rate corresponding to the bandwidth of the low-pass filter without
aliasing effects. Downsampling to the Nyquist rate allows the operation of the median filter 74 to be more effective in
two ways. On the one hand it provides a computational gain, since fewer samples are in the filter's window. On the other
hand, it is realized that the filter should be more effective in removing the unwanted components (spikes). This will be
further explained below, referring to Figure 7.

[0142] Thus, the subMedian filter 70 further comprises a downsampling block 76 between the low-pass filter 72 and
median filter 74 that downsamples the low-pass filtered signal to the Nyquist rate (i.e. twice the cut-off frequency of the
low-pass filter 72). A parameter, termed the 'sub-sampling ratio’ or 'subRatio’ herein, determines the amount by which
the sample rate of the low-pass filtered signal is reduced. A typical value for the subRatio is 20. The cut-off frequency
for the low-pass filter 72 is typically set less than the bandwidth of the signal at the sub-sampled rate (the bandwidth
being half the sampling rate). The bandwidth of the signal at the sub-sampled rate can, for example, be multiplied by
0.8 to set the cut-off frequency for the low-pass filter 72; the value of 0.8 being chosen to prevent aliasing effects upon
downsampling. Thus, for a signal having a sampling rate of 50 Hz, the cut-off frequency for the low-pass filter 72 will
typically be 1 Hz, being 0.8 times half the sampling rate after downsampling (which is 1.25 Hz).

[0143] An upsampling block 78 is provided to upsample the output of the median filter 74 back to the sampling rate
of the signal input to the subMedian filter 70. As known in the art, the upsampling is followed by an interpolation filter,
not shown in the figure, which is typically a low-pass filter of the same bandwidth as that one used in block 72. The filters
should be scaled to keep signal strength at identical level. Upsampling can be performed in several ways, as is known
in the art. For example, one way is to insert additional samples of zero value. Another example is to use sample & hold,
i.e. to insert samples of the same value as the last available sample.

[0144] Applying the medianfilter 74 to a downsampled low-pass filtered signal makes the median filter 74 more effective
in removing a spike in the signal (i.e. the accelerations due to motion of an accelerometer 4).

[0145] Figure 7 is a graph illustrating the basic principle of operation of the subMedian filter 70. Line 80 in Figure 7 is
a sinc signal corresponding to the bandwidth of the low-pass filter 72. Line 81 is the same sinc signal but sampled at
the Nyquist rate, i.e. at the output of block 76. It can be seen that the subsampling is precisely at the zero crossings of
the sinc signal 81 and therefore a pulse results in the signal.

[0146] Dashed lines 82 and 83 show the median-filtered value of signals 80 and 81 respectively. Thus, it can be seen
that applying the median filter 74 to the subsampled low-pass filtered signal results in a better outcome (the true DC value).
[0147] However, it will be appreciated that when sub- or down-sampling the low-pass filtered signal, the choice of the
first sample is arbitrary. Figure 7 shows the ideal case where the subsampling is precisely at the zero crossings of the
sinc signal 80. However, Figure 8 illustrates the scenario where the sub-sampling results in samples halfway between
the zero-crossings of the sinc signal (which is the worst case). Line 84 corresponds to the subsampled signal and dashed
line 85 shows the median filtered signal.

[0148] Therefore the subMedian filter 70 can be adapted for this phase effect in the subsampled low-pass filtered
signal. In particular, the downsampling block 76 can be configured to subsample at all phases, with the median filter 74
being applied to each subsampled signal. The final output of the median filter 74 can be a combination of the outcomes
of the median filtering on each of the subsampled signals.

[0149] Figure 9 is a flow chart illustrating the operation of an exemplary subMedian filter 70. In step 131, the sub-
sampling ratio, subRatio, is set, which can typically be 20 when the accelerometer signal is sampled at 50 Hz.

[0150] In step 133, the cut-off frequency of the low-pass filter 72 is set at 0.8 of Fs/2/subRatio (where Fs/2 is the full
bandwidth of the signal, labeled 'acc’ at the input of low-pass filter 72).

[0151] In step 135, the low-pass filter 72 is applied to the input accelerometer signal, acc, to give acc_LPF.

[0152] Instep137,the low-passfiltered accelerometer signal,acc_LPF, is downsampled into polyphase signalacc_poly
according to the sub-sampling ratio. The number of ways acc_LPF can be subsampled is equal to the sub-sampling
ratio. Hence, for each phase p, ranging from 0 to subRatio -1, the samples acc_poly at index k result as

acc_poly[p.k] = acc_LPF[p + subRatio*k] (1)

[0153] In step 139, the median filter 74 is applied to the downsampled signal for each phase, p. This gives a set of
signals denoted acc_poly_filt[p,k]. In this example, the half window size of the median filter 74 is 1.6 seconds, although
it will be appreciated that other values can be used.

[0154] Alternatively, as indicated above, other forms of median filters can be used, such as recursive median filters,
or it is possible to iterate the (median) filter process (i.e. by repeating the median filtering several times on the outcome
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of the previous round).

[0155] Then, in step 141, each of the obtained filtered phase signals is combined into a single signal. The combination
of the signals can be effected by taking the mean or median of each sample k over the subRatio number of phases, but
other ways, e.g. based on other decision criteria, will be evident to those skilled in the art.

[0156] The combined signal can then be upsampled back to the original sampling rate (step 143).

[0157] In an alternative approach to steps 141 and 143, each of the filtered phase signals acc_poly_filt[p,k] obtained
in step 139 can be upsampled back to the original sampling rate to give acc_poly_filt_up[p,t] first (step 145) and then
the upsampled signals can be combined (step 147). This approach has the benefit that the signals acc_poly_filt_up[p,
t] can include the phase, and their combining accounts for the phase, i.e. for the integer t such that t = p + subRatio*k,
acc_poly_filt_up[p,t] is set to acc_poly_filt[p,k]. The remaining samples are found using an interpolation filter (the same
as the low-pass filter applied before the downsampling step; preferably, the remaining samples are set to the neighboring
assigned sample with "integer t", i.e. using a sample-and-hold scheme).

[0158] After step 143 or 149, a further median filter can be applied to the combined upsampled signal in order to
remove any ‘ringing’ effects introduced by the interpolation filter. This median filter can have the same window size in
seconds as the median filter applied in step 139.

[0159] It will be appreciated that not all steps are mandatory. The core of the subMedian filter is the application of the
non-linear filter at a downsampled rate. The anti-aliasing filter, as well as accounting for the different phases, are refine-
ments that can be applied depending on the application at hand.

[0160] Figure 10 is a graph illustrating the result of applying a subMedian filter to a signal 86 comprising a set of four
sinusoidal signals having different frequencies, phases and amplitudes and Gaussian noise. Furthermore, there is a
step in the signal at time t = 3000. Line 87 shows the result of applying a subMedian filter 70 as described above to
signal 86, and it can be seen that the output provides a good estimate of the DC component and adequately tracks the step.

Adaptive Median Filter

[0161] As described above, in a preferred embodiment of the invention, a filter, termed herein as an ’adaptive median’
filter, is applied to the estimate of the vertical velocity output by integration block 28 in order to estimate the offset and
drift in that signal.

[0162] The purpose of the filter is to extract the velocity component in the velocity estimate that corresponds to the
pulse form that deviates from a drifting DC (i.e. offset and drift) component. The offset may change and there may also
be some drift.

[0163] During such a change, it is desirable to keep the current value for the offset, since it has been found that
following the change in offset tends to follow the actual velocity signal and therefore leads to an underestimate in the
actual velocity.

[0164] Therefore, in the adaptive median filter, the window size used to determine the median for a particular sample
is adapted depending on the rank order of the median value in subwindows within the window. The rank order between
the median values indicates whether there is an increase or decrease in the offset, and the subsequent adaptation
(namely the choice of window size) aims to compensate for or prevent the underestimation in the value of the offset.
[0165] Figure 11 shows part of a signal comprising 16 samples and a median filter window 90 centered on the current
sample i with a half-window size of 7. In the adaptive median filter, the median filter window 90 is divided into three
subwindows 91a, 91b and 91c (with a half-window size of 2 in this example). One subwindow (91a in Figure 11) is
centered on the current sample i, another subwindow (91b in Figure 11) is centered on sample i-5 (i.e. the current sample
minus the full subwindow width), and the third subwindow (91c in Figure 11) is centered on sample i+5 (i.e. the current
sample plus the full subwindow width).

[0166] As indicated above, the median value is calculated for each of the three subwindows and the three median
values are ranked. The order of the ranking is used to determine the choice of window to use in producing the output of
the adaptive median filter.

[0167] According to one exemplary embodiment, the rule set used to determine the choice of window for calculating
the output is as follows:

- if the median value of the centre subwindow 91 a is the maximum of the three median values, the output of the
adaptive median filter is the median value in a subwindow having a half-window size that is larger than (e.g. twice)
that of subwindow 91a and that is centered on sample i;

- if the median value of the centre subwindow 91a is between the values for the other subwindows 91b and 91c, the
output of the adaptive median filter is the median value over a subwindow corresponding to the centre subwindow
91a and the subwindow 91b or 91c that generated the highest median value; and

- if the median value of the centre subwindow 91 a is the minimum of the three median values, the output of the
adaptive median filter is the median value obtained using the centre subwindow 91 a.
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[0168] Accordingto another, preferred, embodiment, the rule set used to determine the choice of window for calculating
the output is as follows:

- ifthe median value of the centre subwindow 91a is the maximum or minimum of the three median values, the output
of the adaptive median filter is the median value in a subwindow having a half-window size that is larger than that
of subwindow 91a and that is centered on sample i;

- otherwise, the output of the adaptive median filter is the value used for the previous sample (i.e. i-1).

[0169] In one implementation, where the median value of the centre subwindow 91a is the maximum or minimum of
the three median values, a half-window size that is twice that of subwindow 91a is used to generate the output value. It
will be appreciated, however, that other sized windows, larger than that of subwindow 91 a, may be used.

[0170] Alternative actions to the use of the value for the previous sample where the median value of the centre
subwindow 91 a is not the maximum or minimum of the three median values can include using the value from the current
centre subwindow 91a, or applying a recursive median filter to the current centre subwindow 91a or on the whole window.
[0171] In this way, the use of a larger window when the centre subwindow provides the maximum or minimum median
value reduces the effect that the median filter follows a rising/falling trend of short duration present in the velocity signal.
Using the previous value when the centre subwindow does not provide the maximum or minimum median value provides
the constancy discussed above.

[0172] Figure 12 is a block diagram of an exemplary adaptive median filter 92 used in embodiments of the invention.
[0173] The input signal is provided to three filters, labeled 93, 94 and 95, which apply a respective one of the three
subwindows 91a, 91b and 91c discussed above. In this embodiment, the filters are median filters, but it will be appreciated
that the filters can be variants of a normal median filter. The output of each of these median filters is provided to decision
logic 96 which implements one of the rule sets described above and determines the window size to be used to generate
the output of the adaptive median filter 92.

[0174] A control signal indicating the required window size is output by the decision logic 96 to a median filter 97.
Median filter 97 also receives the input signal (with a suitable delay to allow for the processing delay introduced by
median filters 93, 94 and 95 and the decision logic 96) and operates on the input signal using the required window size.
The output of median filter 97 is the output of the adaptive median filter.

[0175] It will be appreciated by those skilled in the art that the adaptive median filter 92 can be implemented using an
alternative arrangement of components to that shown in Figure 12. For example, as the rule set may provide that the
median value of the centre subwindow 91a can be used as the output, the decision logic 96 may simply output this value
rather than require median filter 97 recalculate it. Also, as is clear, reusing the previously computed output value doesn’t
require the full recomputation by the median filter 97.

[0176] In addition, it will be appreciated that it is possible for the window to be divided into more than three subwindows,
as required, and it is also possible for the subwindows to have different sizes.

[0177] There is therefore provided an improved method and apparatus for estimating the velocity of a device in a
horizontal or vertical direction based on measurements of the acceleration experienced by the device that overcomes
the problems with the known techniques.

[0178] While the invention has been illustrated and described in detail in the drawings and foregoing description, such
illustration and description are to be considered illustrative or exemplary and not restrictive; the invention is not limited
to the disclosed embodiments.

[0179] 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.
A single processor or other unit may fulfill the functions of several items recited in the 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 advantage. 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. Any reference signs in
the claims should not be construed as limiting the scope.

Claims

1. A method of determining an estimate of the velocity of a device in a horizontal or vertical direction, the method
comprising:

- obtaining measurements of the acceleration acting on the device in three dimensions;
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- using a first filter and the obtained measurements to estimate acceleration due to gravity;

- estimating the acceleration acting in a horizontal or vertical direction due to motion of the device using the
estimated acceleration due to gravity;

- integrating the estimate of the acceleration acting in said direction due to motion of the device to give an
estimate of the velocity in said direction; and

- using a second filter to remove offset from the velocity to give a filtered velocity;

wherein at least the second filter is a non-linear filter.

A method as claimed in claim 1, wherein the step of using a first filter and the obtained measurements to estimate
acceleration due to gravity comprises:

- estimating the acceleration acting in a vertical direction on the device from the obtained measurements; and
- applying the firstfilter to the estimate of the acceleration acting in a vertical direction to estimate the acceleration
due to gravity;

- wherein the step of estimating the acceleration comprises estimating the acceleration acting in a vertical
direction due to motion of the device;

and wherein the step of estimating the acceleration acting in a vertical direction due to motion of the device using
the estimated acceleration due to gravity comprises:

- subtracting the estimated acceleration due to gravity from the estimated acceleration acting in a vertical
direction to give the estimate of the acceleration acting in a vertical direction due to motion of the device.

A method as claimed in claim 1, wherein the step of using a first filter and the obtained measurements to estimate
acceleration due to gravity comprises:

- applying the first filter to the obtained measurements to estimate the acceleration due to gravity in three
dimensions;

and wherein the step of estimating the acceleration acting in a horizontal or vertical direction due to motion of the
device using the estimated acceleration due to gravity comprises:

- using the estimated acceleration due to gravity to estimate the acceleration acting in a horizontal or vertical
direction from the obtained measurements;

and wherein when the acceleration acting in vertical direction due to motion of the device is estimated, the step of
estimating the acceleration acting in a vertical direction due to motion of the device using the estimated acceleration

due to gravity further comprises:

- subtracting the estimated acceleration due to gravity from the estimated acceleration acting in the vertical
direction to give the estimate of the acceleration acting in the vertical direction due to motion of the device.

A method as claimed in any of claims 1, 2 or 3, wherein the operation of the first filter comprises:

- downsampling an input signal; and
- applying a non-linear filter to the downsampled signal.

A method as claimed in claim 4, wherein the step of downsampling comprises:
generating a plurality of downsampled signals, each having a respective phase; and
wherein the step of applying the non-linear filter comprises applying the non-linear filter to each of the plurality
of downsampled signals.

A method as claimed in claim 5, wherein the operation of the first filter further comprises:

- combining the plurality of filtered signals into a single signal; and
- upsampling the single signal to the original sampling rate.
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A method as claimed in claim 5, wherein the operation of the first filter further comprises:

- upsampling each of the plurality of filtered signals; and
- combining the plurality of upsampled filtered signals into a single signal.

A method as claimed in any of claims 4 to 7, wherein the operation of the first filter further comprises:

- prior to the step of downsampling, applying a low-pass filter to the input signal to produce a low-pass filtered
signal;

wherein the step of downsampling comprises downsampling the low-pass filtered signal to a rate based on the cut-
off frequency of the low-pass filter.

A method as claimed in any preceding claim, wherein the operation of the second filter comprises:

- computing the median value in each of a plurality of subwindows centered at or near a sample of interest in
an input signal; and

- adapting the window size of a median filter used to generate an output value for the sample of interest based
on the computed median values, wherein the window size that is used to generate the output value is larger
than that of the subwindow centered on the sample of interest if the median value of the subwindow centered
on the sample of interest is the maximum or minimum of the plurality of median values.

A method as claimed in any of claims 1 to 4, wherein the non-linear filter is selected from a median filter, a weighted
median filter, a recursive median filter and a mode filter.

A method as claimed in any preceding claim, further comprising the step of:

- estimating the position or height of the device by integrating the filtered velocity; or
- estimating the horizontal displacement or change in height of the device by summing the filtered velocity
estimates in a time window over which the displacement or change in height is to be calculated.

An apparatus, comprising:

- processing means that are configured to:

- receive measurements of the acceleration acting on a device in three-dimensions;

- use a first filter and the measurements of the acceleration to estimate acceleration due to gravity;

- estimate the acceleration acting in a horizontal or vertical direction due to motion of the device using the
estimated acceleration due to gravity;

- integrate the estimate of the acceleration acting in said direction due to motion of the device to give an estimate
of velocity in said direction; and

- use a second filter to remove offset from the velocity to give a filtered velocity;

wherein at least the second filter used by the processing means is a non-linear filter.
A device that is configured to be worn by a user, the device comprising:

- an accelerometer that measures the acceleration acting on the device in three-dimensions; and
- an apparatus as claimed in claim 12.

A system, comprising:
- a device that is configured to be worn by a user, the device comprising an accelerometer that measures the
acceleration acting on the device in three-dimensions; and
- a base unit that is configured to communicate with the device, and that comprises an apparatus as claimed

in claim 12.

A computer program product, comprising a computer readable medium having computer program code embodied
therein, the computer program code being configured such that, upon execution by a computer or processor, the
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computer or processor performs the method as claimed in any of claims 1 to 11.

Patentanspriiche

Verfahren zur Ermittlung einer Schatzung der Geschwindigkeit einer VVorrichtung in einer horizontalen oder vertikalen
Richtung, wobei das Verfahren die folgenden Schritte umfasst, wonach:

- Messungen der auf die Vorrichtung in drei Dimensionen einwirkenden Beschleunigung erhalten werden;

- ein erstes Filter und die erhaltenen Messungen zur Schatzung der Schwerkraftbeschleunigung verwendet
werden;

- die infolge Bewegung der Vorrichtung in einer horizontalen oder vertikalen Richtung einwirkende Beschleu-
nigung unter Verwendung der geschatzten Schwerkraftbeschleunigung geschatzt wird;

- die Schatzung der infolge Bewegung der Vorrichtung in besagter Richtung einwirkenden Beschleunigung
integriert wird, um eine Schatzung der Geschwindigkeit in besagter Richtung vorzusehen; und

- ein zweites Filter verwendet wird, um einen Versatz von der Geschwindigkeit zu beheben und eine gefilterte
Geschwindigkeit vorzusehen;

wobei zumindest das zweite Filter ein nicht-lineares Filter ist.

2. Verfahren nach Anspruch 1, wobei der Schritt des Verwendens eines ersten Filters und der erhaltenen Messungen

zur Schatzung der Schwerkraftbeschleunigung die folgenden Schritte umfasst, wonach:

- die in einer vertikalen Richtung auf die Vorrichtung einwirkende Beschleunigung anhand der erhaltenen Mes-
sungen geschatzt wird; und

- das erste Filter auf die Schatzung der in einer vertikalen Richtung einwirkenden Beschleunigung angewandt
wird, um die Schwerkraftbeschleunigung zu schéatzen;

- wobei der Schritt des Schéatzens der Beschleunigung das Schétzen der infolge Bewegung der Vorrichtung in
einer vertikalen Richtung einwirkenden Beschleunigung umfasst;

und wobei der Schritt des Schatzens der infolge Bewegung der Vorrichtung in einer vertikalen Richtung einwirkenden
Beschleunigung unter Verwendung der geschatzten Schwerkraftbeschleunigung umfasst:

- Subtrahieren der geschéatzten Schwerkraftbeschleunigung von der in einer vertikalen Richtung einwirkenden
geschatzten Beschleunigung, um die Schatzung der infolge Bewegung der Vorrichtung in einer vertikalen Rich-
tung einwirkenden Beschleunigung vorzusehen.

Verfahren nach Anspruch 1, wobei der Schritt des Verwendens eines ersten Filters und der erhaltenen Messungen
zur Schatzung der Schwerkraftbeschleunigung umfasst:

- Anwenden des ersten Filters auf die erhaltenen Messungen, um die Schwerkraftbeschleunigung in drei Di-
mensionen zu schatzen;

und wobei der Schritt des Schéatzens der infolge Bewegung der Vorrichtung in einer horizontalen oder vertikalen
Richtung einwirkenden Beschleunigung unter Verwendung der geschéatzten Schwerkraftbeschleunigung umfasst:

- Verwendung der geschatzten Schwerkraftbeschleunigung, um die in einer horizontalen oder vertikalen Rich-
tung einwirkende Beschleunigung anhand der erhaltenen Messungen zu schétzen;

und wobei, wenn die infolge Bewegung der Vorrichtung in vertikaler Richtung einwirkende Beschleunigung geschatzt
wird, der Schritt des Schatzens der infolge Bewegung der Vorrichtung in einer vertikalen Richtung einwirkenden
Beschleunigung unter Verwendung der geschatzten Schwerkraftbeschleunigung weiterhin umfasst:
- Subtrahieren der geschatzten Schwerkraftbeschleunigung von der in der vertikalen Richtung einwirkenden
geschatzten Beschleunigung, um die Schatzung derinfolge Bewegung der Vorrichtungin der vertikalen Richtung

einwirkenden Beschleunigung vorzusehen.

Verfahren nach einem der Anspriiche 1, 2 oder 3, wobei der Betrieb des ersten Filters umfasst:
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- Downsampling (Heruntertaktung) eines Eingangssignals; und
- Anwenden eines nicht-linearen Filters auf das ,downsampled’ Signal.

Verfahren nach Anspruch 4, wobei der Schritt des Downsampling umfasst:

- Erzeugen von mehreren ,downsampled’ Signalen, wobei jedes eine jeweilige Phase aufweist; und

wobei der Schritt des Anwendens des nicht-linearen Filters das Anwenden des nicht-linearen Filters auf jedes der
mehreren 'downsampled’ Signale umfasst.

Verfahren nach Anspruch 5, wobei der Betrieb des ersten Filters weiterhin umfasst:

- Vereinigen der mehreren gefilterten Signale zu einem einzelnen Signal; sowie
- Upsampling (Abtastratenerhéhung) des einzelnen Signals auf die urspriingliche Abtastrate.

Verfahren nach Anspruch 5, wobei der Betrieb des ersten Filters weiterhin umfasst:

- Upsampling von jedem der mehreren gefilterten Signale; sowie
- Vereinigen der mehreren ,upsampled’, gefilterten Signale zu einem einzelnen Signal.

Verfahren nach einem der Anspriiche 4 bis 7, wobei der Betrieb des ersten Filters weiterhin umfasst:

- vor dem Downsampling-Schritt: Anwenden eines Tiefpassfilters auf das Eingangssignal, um ein tiefpassge-
filtertes Signal zu erzeugen;

wobei der Downsampling-Schritt das Downsampling des tiefpassgefilterten Signals auf eine auf der Eckfrequenz
des Tiefpassfilters basierenden Rate umfasst.

Verfahren nach einem der vorangegangenen Anspriiche, wobei der Betrieb des zweiten Filters umfasst:

- Berechnen des Medianwertes in jedem von mehreren Subfenstern, die auf einen oder nahe eines Abtastwertes
von Interesse in einem Eingangssignal zentriert sind; sowie

- Anpassen der FenstergréRe eines Medianfilters, der zur Erzeugung eines Ausgangswertes fiir den Abtastwert
von Interesse aufgrund der berechneten Medianwerte eingesetzt wird, wobei die Fenstergrof3e, die zur Erzeu-
gung des Ausgangswertes verwendet wird, gréer als diese des auf den Abtastwert von Interesse zentrierten
Subfensters ist, wenn der Medianwert des auf den Abtastwert von Interesse zentrierten Subfensters das Ma-
ximum oder Minimum der mehreren Medianwerte ist.

Verfahren nach einemder Anspriiche 1 bis 4, wobei das nicht-lineare Filter aus einem Medianfilter, einem gewichteten
Medianfilter, einem rekursiven Medianfilter und einem Modusfilter ausgewahlt wird.

11. Verfahren nach einem der vorangegangenen Anspriiche, das weiterhin die folgenden Schritte umfasst, wonach:

- die Position oder Hohe der Vorrichtung durch Integrieren der gefilterten Geschwindigkeit geschatzt wird; oder
- die horizontale Verschiebung oder H6henanderung durch Summieren der gefilterten Geschwindigkeitsschat-
zungen in einem Zeitfenster geschatzt wird, Gber das die Verschiebung oder Hdhenanderung zu berechnen ist.

12. Gerat, umfassend:

- Verarbeitungsmittel, die so konfiguriert sind, dass sie:

- Messungen der auf die Vorrichtung in drei Dimensionen einwirkenden Beschleunigung empfangen;

- ein erstes Filter und die Messungen der Beschleunigung zur Schatzung der Schwerkraftbeschleunigung ver-
wenden;

- die infolge Bewegung der Vorrichtung in einer horizontalen oder vertikalen Richtung einwirkende Beschleu-
nigung unter Verwendung der geschatzten Schwerkraftbeschleunigung schatzen;

- die Schatzung der infolge Bewegung der Vorrichtung in besagter Richtung einwirkenden Beschleunigung
integrieren, um eine Schatzung der Geschwindigkeit in besagter Richtung vorzusehen; und

- ein zweites Filter verwenden, um einen Versatz von der Geschwindigkeit zu beheben und eine gefilterte
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Geschwindigkeit vorzusehen;

wobei zumindest das von den Verarbeitungsmitteln verwendete zweite Filter ein nicht-lineares Filter ist.

5 13. Vorrichtung, die so ausgefihrt ist, dass sie von einem Benutzer getragen wird, wobei die Vorrichtung umfasst:
- einen Beschleunigungsmesser, der die auf die Vorrichtung in drei Dimensionen einwirkende Beschleunigung
misst; sowie
- ein Gerat nach Anspruch 12.

10

14. System, umfassend:

- eine Vorrichtung, die so ausgefiihrt ist, dass sie von einem Benutzer getragen wird, wobei die Vorrichtung

einen Beschleunigungsmesser umfasst, der die auf die Vorrichtung in drei Dimensionen einwirkende Beschleu-
15 nigung misst; sowie

- eine Basiseinheit, die so konfiguriertist, dass sie mit der Vorrichtung kommuniziert und ein Gerat nach Anspruch

12 umfasst.

15. Computerprogrammprodukt, umfassend ein computerlesbares Medium mit darin eingebettetem Computerpro-
20 grammcode, wobei der Computerprogrammcode so konfiguriert ist, dass bei Ausfihrung durch einen Computer
oder Prozessor der Computer oder Prozessor das Verfahren nach einem der Anspriiche 1 bis 11 durchflhrt.

Revendications
25
1. Procédé de détermination d’'une estimation de la vitesse d’un dispositif dans une direction horizontale ou verticale,
le procédé comprenant :

- l'obtention de mesures de I'accélération agissant sur le dispositif dans trois dimensions ;

30 - l'utilisation d’un premier filtre et des mesures obtenues pour estimer une accélération due a la gravité ;
- I'estimation de I'accélération agissant dans une direction horizontale ou verticale due a un mouvement du
dispositif en utilisant I'accélération estimée due a la gravité ;
- l'intégration de I'estimation de I'accélération agissant dans ladite direction due a un mouvement du dispositif
pour donner une estimation de la vitesse dans ladite direction ; et

35 - I'utilisation d’un second filtre pour éliminer un décalage, a partir de la vitesse, pour donner une vitesse filtrée ;

dans lequel au moins le second filtre est un filtre non linéaire.

2. Procédé selon la revendication 1, dans lequel I'étape de I'utilisation de premier filire et des mesures obtenues pour
40 estimer une accélération due a la gravité comprend :

- l'estimation de I'accélération agissant dans une direction verticale sur le dispositif a partir des mesures

obtenues ; et

- I'application du premier filtre sur I'estimation de I'accélération agissant dans une direction verticale pour estimer
45 'accélération due a la gravité ;

dans lequel I'étape de I'estimation de I'accélération comprend I'estimation de I'accélération agissant dans une

direction verticale due a un mouvement du dispositif ;

et dans lequel I'étape de I'estimation de I'accélération agissant dans une direction verticale due a un mouvement
50 du dispositif en utilisant I'accélération estimée due a la gravité comprend :

- la soustraction de I'accélération estimée due a la gravité a partir de I'accélération estimée agissant dans une
direction verticale pour donner I'estimation de I'accélération agissant dans une direction verticale due a un
mouvement du dispositif.
55
3. Procédé selon la revendication 1, dans lequel I'étape de I'utilisation d’'un premier filtre et des mesures obtenues
pour estimer I'accélération due a la gravité comprend :
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- I'application du premier filtre sur les mesures obtenues pour estimer 'accélération due a la gravité dans trois
dimensions ;

et dans lequel I'étape de I'estimation de I'accélération agissant dans une direction horizontale ou verticale due a un
mouvement du dispositif en utilisant I'accélération estimée due a la gravité comprend :

- l'utilisation de I'accélération estimée due a la gravité pour estimer 'accélération agissant dans une direction
horizontale ou verticale a partir des mesures obtenues ;

et dans lequel, lorsque I'accélération agissant dans la direction verticale due a un mouvement du dispositif est
estimée, I'étape de I'estimation de I'accélération agissant dans une direction verticale due a un mouvement du
dispositif en utilisant I'accélération estimée due a la gravité comprend en outre :

- la soustraction de I'accélération estimée due a la gravité, a partir de I'accélération estimée agissant dans la
direction verticale, pour donner I'estimation de I'accélération agissant dans la direction verticale due a un mou-

vement du dispositif

Procédé selon I'une quelconque des revendications 1, 2 ou 3, dans lequel le fonctionnement du premier filtre
comprend :

- 'échantillonnage descendant d’'un signal d’entrée ; et
- l'application d’un filtre non linéaire sur le signal ayant subi un échantillonnage descendant.

Procédé selon la revendication 4, dans lequel I'étape de I'échantillonnage descendant comprend :

- la génération d’une pluralité de signaux ayant subi un échantillonnage descendant, chacun possédant une
phase respective ; et

dans lequel I'étape de I'application du filtre non linéaire comprend I'application du filtre non linéaire sur chacun parmi
la pluralité de signaux ayant subi un échantillonnage descendant.

Procédé selon la revendication 5, dans lequel le fonctionnement du premier filtre comprend en outre :

- la combinaison de la pluralité de signaux filtrés en un seul signal ; et
- 'échantillonnage ascendant du seul signal jusqu’au taux d’échantillonnage d’origine.

Procédé selon la revendication 5, dans lequel le fonctionnement du premier filtre comprend en outre :

- 'échantillonnage ascendant de chacun parmi la pluralité de signaux filtrés ; et
- la combinaison de la pluralité de signaux filtrés ayant subi un échantillonnage ascendant en un seul signal.

Procédé selon 'une quelconque des revendications 4 a 7, dans lequel le fonctionnement du premier filire comprend
en outre :

- avant I'étape de I'échantillonnage descendant, I'application d’un filtre passe-bas sur le signal d’entrée pour
produire un signal ayant subi un filtrage passe-bas ;

dans lequel I'étape de I'échantillonnage descendant comprend I'échantillonnage descendant du signal ayant subi
un filtrage passe-bas jusqu’a un taux en fonction de la fréquence de coupure du filtre passe-bas.

Procédé selon une quelconque revendication précédente, dans lequel le fonctionnement du second filtre comprend :

- le calcul de la valeur médiane dans chacune parmi une pluralité de sous-fenétres centrées a un ou prés d’un
échantillon d’intérét dans un signal d’entrée ; et

- 'adaptation de la taille de fenétre d’un filtre médian utilisé pour générer une valeur de sortie pour I'’échantillon
d’intérét en fonction des valeurs médianes calculées, dans lequel la taille de fenétre qui est utilisée pour générer
la valeur de sortie est supérieure a celle de la sous-fenétre centrée sur I'échantillon d’intérét si la valeur médiane
de la sous-fenétre centrée sur I'échantillon d’intérét est le maximum ou minimum de la pluralité de valeurs
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médiane.

10. Procédé selon 'une quelconque des revendications 1 a 4, dans lequel le filtre non linéaire est sélectionné parmi un
filtre médian, un filtre médian pondéré, un filtre médian récursif et un filtre modal.

11. Procédé selon une quelconque revendication précédente, comprenant en outre I'étape de :

- 'estimation de la position ou hauteur du dispositif en intégrant la vitesse filtrée ; ou

- 'estimation du déplacement horizontal ou du changement de hauteur du dispositif en résumant les estimations
de vitesse filtrées dans une fenétre temporelle sur laquelle le déplacement ou changement de hauteur doit étre
calculé.

12. Appareil, comprenant :

- des moyens de traitement qui sont configurés pour :

- recevoir des mesures de I'accélération agissant sur un dispositif dans trois dimensions ;

- utiliser un premier filtre et les mesures de 'accélération pour estimer une accélération due a la gravité,

- estimer 'accélération agissant dans une direction horizontale ou verticale due a un mouvement du dispositif
en utilisant I'accélération estimée due a la gravité ;

- intégrer I'estimation de I'accélération agissant dans ladite direction due a un mouvement du dispositif pour
donner une estimation de vitesse dans ladite direction ; et

- utiliser un second filtre pour éliminer un décalage, a partir de la vitesse, pour donner une vitesse filtrée ;

dans lequel au moins le second filtre utilisé par le moyen de traitement est un filtre non linéaire.
13. Dispositif qui est configuré pour étre porté par un utilisateur, le dispositif comprenant :

- un accélérometre qui mesure I'accélération agissant sur le dispositif dans trois dimensions ; et
- un appareil selon la revendication 12.

14. Systéme, comprenant :

- un dispositif qui est configuré pour étre porté par un utilisateur, le dispositif comprenant un accéléromeétre qui
mesure 'accélération agissant sur le dispositif dans trois dimensions ; et

- une unité de base qui est configurée pour communiquer avec le dispositif, et qui comprend un appareil selon
la revendication 12.

15. Produit programme d’ordinateur, comprenant un support lisible par ordinateur comportant un code de programme
d’ordinateur incorporé dans celui-ci, le code de programme d’ordinateur étant configuré de sorte que, lors de I'exé-
cution par un ordinateur ou processeur, I'ordinateur ou processeur réalise le procédé selon I'une quelconque des
revendications 1 a 11.
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