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Description
Field of the invention

[0001] The invention relates to measuring devices for
use in physical measuring, and more specifically to a
method and a device for measuring the progress of a
moving person. The invention aims at providing a solu-
tion, better and simpler than prior ones, for measuring
the progress of a moving person, which solution is appli-
cable for use in a multitude of measuring solutions for
different types of locomotion.

Background of the invention

[0002] In performing navigation based on inertia sen-
sors, e.g. acceleration or angular velocity sensors, (iner-
tia navigation), if the sensor signal is being integrated, it
is important that the integration time is not extended too
much, thus excessively increasing the error in position
or direction caused by measuring errors of the sensor.
In order to prevent that, the aim often is to divide the
motion into periodically repetitive cycles of sufficient
brevity. The method is called step-by-step navigation. In
athletics coaching and competitions and in fitness exer-
cise and other outdoor activities, such step-by-step nav-
igation is important, wherein e.g. the speed of locomo-
tion, the distance covered, the direction, the step rate
(cadence), and the step time, as well as the step length
are being measured. The way of locomotion could be e.
g. running, walking, pole walking, competitive walking,
cross-country skiing, downhill sports, roller skiing, roller-
skating, skating or the like, where a cyclic motion is
present.

[0003] Inertia navigation can work independently, or it
can be used in combination with satellite navigation, in
order to improve the accuracy of satellite navigation, par-
ticularly in areas of poor coverage of the satellite signal,
for diagnostic purposes in satellite positioning error situ-
ations, or in order to reduce the power consumption of
satellite navigation by means of increasing the intervals
between instances of reception of the satellite signal.
[0004] In prior art, several solutions exist aiming at
measuring the distance covered by using an acceleration
sensor. Ininertia navigation, forexample, an acceleration
sensor is most often used for measuring the distance
covered. By means of the acceleration sensor, the con-
tact time for the foot, i.e. the time during which the foot
touches the ground, can be measured. For instance, the
US Patent Publication US 4,578,769 discloses such a
solution according to prior art. The method described in
said Patent Publication provides good results for high
running speeds, but it is not robust for slow running, nor
for walking, where the event of the foot leaving the ground
is hard to detect.

[0005] The acceleration sensor can be a simple switch
or the like, which simply counts the number of steps and
estimates the distance based on the number of steps,
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and the speed based on the cadence. These devices are
called pedometers.

[0006] As a solution in a slightly more advanced sys-
tem according to prior art, the actual motion of the walker
can be measured at the foot by means of an acceleration
sensor. Such solutions according to prior art are dis-
closed in e.g. the US Patent Application US
2002/0040601, the US Patent Publication US 5,955,667
and in the Canadian Patent Publication CA 2,218,242.
[0007] In the aforementioned patent publications,
measuring signals from a multitude of acceleration sen-
sors and angular motion sensors are combined, and sig-
nificantly improved precision is achieved compared to
the one for pedometers or contact time measurements.
In these solutions according to prior art, the drawbacks,
however, are the required number of sensors, a linear
acceleration sensor as well as an angular motion sensor,
for compensating the error caused by the earth’s gravi-
tational force, through the inclination and its variation, as
well as the complexity of the algorithm, which manifest
themselves in the size of the system, its costs, and power
consumption.

[0008] In order to simplify the measuring system de-
scribed above, a solution according to prior art has been
disclosed, for using an acceleration sensorin such away,
that knowledge of the period of time the foot stays immo-
bile, as it is on the ground, is being utilized and thus, the
aim has been to improve the precision through automatic
resetting. A solution according to prior art with such a
technique is disclosed in e.g. US Patent Publication US
6,356,856. The method described in said Patent Publi-
cation suffers, however, from inaccuracy, when the incli-
nation changes during the motion. Computing is complex
in this case as well, and it requires power and program
storage capacity.

[0009] One solution according to prior art, for detecting
motion and for measuring the duration of movementis a
disclosed method based on an acceleration sensor. Such
a prior art solution is disclosed, for example, in the US
Patent Publication US 6,298,314.

[0010] One further solution according to prior art, for a
general device for measuring the movement of an athlete
is disclosed, for example, in US Patent Publication US
7,092,846 and in the International Patent Application
Publication WO 00/20874.

[0011] Document US2007/073514 A1 discloses a
walking analyzer with an acceleration sensor that detects
an up-down acceleration, a front-rear acceleration, and
a right-left acceleration of a person. Changes of each
acceleration is calculated in time, and used to determine
walking ability of the subject.

[0012] Inliterature, several solutions according to prior
art, for step-by-step navigation have been disclosed. In
all these known solutions, combining simplicity, and
thereby low cost, small size, low power consumption and
accuracy, is a problem. The major error sources for the
presented solutions are the coupling of gravitation to the
measuring signal as the angle changes, unambiguous
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detection of the contact between foot and ground, and
foot slipping at ground contact, whereby the acceleration
signal and the speed signal are distorted.

Summary of the invention

[0013] The invention is defined by the scope of the at-
tached claims.

[0014] The object ofthe invention is an improved meth-
od and device for measuring the progress of a moving
person. By means of the method and device according
to this invention, a precision is achieved equaling that of
the best methods presented above, but with an imple-
mentation solution of significantly reduced complexity,
using one acceleration sensor without any inclination
compensation. The sensor solution according to the in-
vention is applicable for use in a multitude of solutions
for measuring different types of locomotion.

[0015] According to a first aspect of the invention, a
method is provided for speed of a moving person. The
method comprises measuring values of vertical acceler-
ation of the body of the moving person during step cycles
of the moving person by means of an acceleration sensor.
The measured values of vertical acceleration are proc-
essed in an analysis unit based on a processor, the
processing including filtering the measured values of ver-
tical acceleration; defining for the step cycles a step cy-
cle-specific characteristic maximum acceleration value
anax from the filtered values of vertical acceleration dur-
ing a positive half-cycle; defining for the step cycles a
step cycle-specific characteristic minimum acceleration
value a,,;, from the filtered values of vertical acceleration
during a negative half-cycle; and calculating speed of the
moving person based on the step cycle-specific charac-
teristic maximum acceleration value a,,,, or on the step
cycle-specific characteristic minimum acceleration value
@min-

[0016] In an aspect, the method further includes digit-
ally filtering the measured values of vertical acceleration,
and the processing includes steps of defining for the step
cycles a step cycle-specific characteristic maximum ac-
celeration value a,,, as a mean value of the digitally
filtered values of vertical acceleration of the body meas-
ured during the positive half-cycle; and defining for the
step cycles a step cycle-specific characteristic minimum
acceleration value a,;, as a mean value of the digitally
filtered values of vertical acceleration of the body meas-
ured during the negative half-cycle.

[0017] In an aspect, the method further includes ana-
logically filtering the measured values of vertical accel-
eration; defining for the step cycles the step cycle-specific
characteristic maximum acceleration aj,,, as amaximum
of the analogically filtered values of vertical acceleration
of the body; and defining for the step cycles the step
cycle-specific characteristic minimum accelerations a;,
as aminimum of the analogically filtered values of vertical
acceleration of the body.

[0018] In an aspect, the method further includes filter-
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ing the measured values of vertical acceleration with dig-
ital weighting; defining for the step cycles the step cycle-
specific characteristic maximum acceleration a4, as a
maximum of the filtered values of vertical acceleration of
the body; and defining for the step cycles the step cycle-
specific characteristic minimum accelerations a,;, as a
minimum of the filtered values of vertical acceleration of
the body; wherein the function used in the digital weight-
ing is:

a (n)=(-k)*a (n—1)+am*k

2

out out

where n indicates the nth sample value and k is a weight-
ing factor.

[0019] In an aspect, the method further includes filter-
ing the measured values of vertical acceleration with dig-
ital weighting, wherein the function used in the digital
weighted filtering is:

aouz(n): (l_k)*aoul(n_l)-l_ain *k

2

where n indicates the nth sample and k is the weighting
factor.

[0020] In an aspect, the method further includes cal-
culating the speed v based on the characteristic maxi-
mum acceleration values a,,,,, of the vertical acceleration
as follows:

max

Dmax 4

T - ref

step

where g is the acceleration caused by gravitation, f,.sis
a reference frequency and the characteristic maximum
acceleration a,,,, is the step cycle-specific characteristic
maximum acceleration value filtered at a selected bound-
ary frequency f.

[0021] In an aspect, the method further includes cal-
culating the speed v based on the step cycle-specific
characteristic minimum acceleration value a.;, of the
vertical acceleration as follows:

min

y=k- |a

[0022] In an aspect, the method further includes deriv-
ing for the step cycles an acceleration graph from the
measured values of vertical acceleration of the body; and

calculating a time T, used up for one step cycle as a
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time interval between equivalent points on two acceler-
ation graphs, wherein the equivalent point is a maximum
value in the acceleration graph, a minimum value in the
acceleration graph, or a point where the value in the ac-
celeration graph exceeds or falls below a certain value.
[0023] In an aspect, the method further includes cal-

culating a step length s, using the formula:

s =v*T

step step

[0024] In an aspect, the method further includes cal-
culating a step rate f,, using the formula:

Jaep =UT,

step

[0025] In an aspect, the method further includes de-
tecting a number n of equivalent points on the accelera-
tion graph; calculating a step count n on the basis of the
detected number n of equivalent points.

[0026] In an aspect, the method further includes cal-
culating a distance s covered by the moving person as
the sum of the lengths of the steps:

n
§= Z S step (D)
i=l .

[0027] In an aspect, the method further includes dis-
tinguishing ways of progress, like walking, running, and
skiing, based on the characteristic maximum and mini-
mum acceleration values a,, and a,;, and/or the step
rate.

[0028] In an aspect, the method further includes mak-
ing an individual calibration for each way of progress.
[0029] In an aspect, the method further includes using
the method in step-by-step navigation.

[0030] Also adevice for measuring speed of a moving
person is disclosed. The device comprises an accelera-
tion sensor for measuring values of vertical acceleration
of the body during step cycles of the moving person;
means for filtering the measured values of vertical accel-
eration; means for defining for the step cycles a step cy-
cle-specific characteristic maximum acceleration a,,,
from the filtered values of vertical acceleration within a
positive half-cycle; and means for defining for the step
cycles a characteristic minimum acceleration a,;, from
the filtered values of vertical acceleration within a nega-
tive half-cycle;

In an aspect, the device includes means for calculating
speed of the moving person based on the step cycle-
specific characteristic maximum acceleration value a5
or on the step cycle-specific characteristic minimum ac-
celeration value a;,.

[0031] In an aspect, the device is further adapted to
digitally filter the measured values of vertical accelera-
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tion; define for the step cycles a step cycle-specific char-
acteristic maximum acceleration value a,,,, as a mean
value of the digitally filtered values of vertical acceleration
of the body measured during the positive half-cycle; and
define for the step cycles a step cycle-specific charac-
teristic minimum acceleration value a,;;,, as a mean value
of the digitally filtered values of vertical acceleration of
the body measured during the negative half-cycle.
[0032] In an aspect, the device is further adapted to
analogically filter the measured values of vertical accel-
eration; define for step cycles the step cycle-specific
characteristic maximumacceleration a,,,,, as a maximum
of the analogically filtered values of vertical acceleration;
and define for step cycles the step cycle-specific char-
acteristic minimum accelerations a,;, as a minimum of
the analogically filtered values of vertical acceleration.
[0033] In an aspect, the device is adapted to filter the
measured values of vertical acceleration with digital
weighting; define for the step cycles the step cycle-spe-
cific characteristic maximum acceleration a,,,,, as a max-
imum of the filtered values of vertical acceleration of the
body; and define for step cycles the step cycle-specific
characteristic minimum accelerations a,,,;, as a minimum
of the filtered values of vertical acceleration of the body,
use in the digital weighted filtering a function:

a (n)=(01-k)*a (n—1)+am*k

2

out out

where n indicates the nth sample and k is a weighting
factor.

[0034] In an aspect, the device is adapted to filter the
measured values of vertical acceleration with digital
weighting, and use in the digital weighted filtering a func-
tion:

(n)=(-k)*a,,(n-1)+a, =k

2

a

out

where n indicates the nth sample and k is a weighting
factor.

[0035] Inan aspect, the device is adapted to calculate
the speed v based on the characteristic maximum accel-
eration values a,,,, of the vertical acceleration as follows:

P
8
yak| =5 -
T ref

step

where g is the acceleration caused by gravitation, f,is
areference frequency and ay,,, is the step-cycle specific
characteristic maximum acceleration filtered at a select-
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ed boundary frequency fj.
[0036] In an aspect, the device is adapted to calculate
the speed v based on the characteristic minimum accel-

eration values a,,;, of the vertical acceleration as follows:

[0037] Inan aspect, the device is adapted to derive for
the step cycles an acceleration graph from the measured
values of vertical acceleration of the body; and calculate
atime T, used up for one step cycle as a time interval
between equivalent points on two acceleration graphs,
wherein the equivalent point is a maximum value in the
acceleration graph, a minimum value in the acceleration
graph, or a point where the value in the acceleration
graph exceeds or falls below a certain value.

[0038] In an aspect, the device is adapted to calculate
a step length s, using a formula:
s, =v*T

step step

[0039] In an aspect, the device is adapted to calculate
a step rate fg,, using a formula:

fstep ZI/T

step

[0040] In an aspect, the device is adapted to detect a
number n of equivalent points on the acceleration graph;
and calculate a step count n on the basis of the detected
number n of equivalent points.

[0041] Inan aspect, the device is adapted to the device
is adapted to calculate a distance s covered by the mov-
ing person as the sum of the step lengths:

n
§= Z S siep (i)
i=1 .

[0042] In an aspect, the device is adapted to distin-
guish between ways of progress, like walking, running,
and skiing, based on the characteristic maximum and
minimum acceleration values a,,, and a,;, and/or the
step rate.

[0043] In an aspect, the device is adapted to make an
individual calibration for each way of progress, like run-
ning, walking, pole walking, or cross-country skiing.
[0044] In an aspect, the device is adapted for use in
step-by-step navigation.

[0045] Inan aspect, the device is adapted to cooperate
with an altimeter, satellite navigation devices, and/or a
magnetometer.

[0046] In an aspect, the device is adapted to receive
and/or utilize map database data and/or terrain inclina-
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tion data.

[0047] In an aspect, the device is adapted to adapted
to be positioned at the middle of the body of a moving
person.

[0048] In an aspect, the device is included in a piece
of clothing, a piece of headwear, the neck, a pocket, or
the belt of the moving person.

[0049] Also a system for measuring progress of a mov-
ing personis disclosed. The system comprises the device
for measuring speed of a moving person and a display
unit adapted to co-operate with the device.

[0050] In an aspect, said device for measuring speed
of the moving person and said display unit for the moving
person are integrated into one device.

Brief description of the drawings

[0051] Below, the invention and its preferred embodi-
ments are described in detail with exemplary reference
to the enclosed figures, of which:

Fig. 1 shows a diagram of a measuring apparatus
according to the invention,

Fig. 2 shows a view of a measuring unit according
to the invention, and

Fig. 3 shows a view of an alternative measuring unit
according to the invention.

Detailed description of the invention

[0052] Fig. 1 shows a diagram of a measuring appa-
ratus according to the invention. The apparatus can con-
sist of a measuring unit 1, a storage unit 2 and a display
unit 3. These communicate with each other using wire-
less or wired connections. Some of the units, or all of
them, can be integrated in the same casing or unit. The
measuring unit is attached close to the human body, e.
g. close to the middle. The measuring unit is typically
positioned at some garment of the moving person, like
e.g. a piece of clothing, a piece of headwear, the neck,
a pocket, or close to the middle, i.e. close to the body’s
center of gravity, e.g. at the belt. The display unit is typ-
ically located in a clearly visible position. It can be inte-
grated, for example, in a measuring and storage unit, or
itcan be separate. It can also be part of awatch, a satellite
navigator, a mobile terminal, a radio receiver, a player,
or the like. Any calibration data for the measuring device
are stored in one unit or in several units.

[0053] Fig. 2 shows a view of a measuring unit accord-
ing to the invention. The measuring unit 1 can comprise
an acceleration sensor 4 of 1 to 3 axes, a unit 5 for anal-
ysis and diagnostics of the acceleration data, a volatile
and a nonvolatile memory 6, a communication unit 7, and
a power supply 8, e.g. a battery, an accumulator, a har-
vester or some similar device. The analysis unit can, for
example, be based on amicroprocessor or a DSP (Digital
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Signal Processor). The memory stores, for instance, user
data, calibration data, measurement data and other log
data. The communication unit comprises, for example, a
transfer protocol generator, a required interface, or a ra-
dio transmitter, a receiver and an antenna.

[0054] The measuring unit can be positioned fastened
close to the human body, like, for example, close to the
middle, i.e. close to the body’s center of gravity. The
measuring unit is, typically, positioned at the clothing of
the moving person, like, for instance, a piece of clothing,
a piece of headwear, the neck, a pocket, or the belt.
[0055] Fig. 3 shows a view of an alternative measuring
unit according to the invention. If, in addition to the speed
andthe distance covered, one wants to know the traveled
route, a magnetometer 11 of 2 or 3 axes can be added
to the alternative measuring unit for the compass direc-
tion to be determined for each step, or once in a while.
[0056] In the solution according to the invention, the
acceleration of the cyclic motion of progress is being
measured in one or more directions. From the vertical
acceleration values measured during each step cycle, a
characteristic maximum acceleration a5, occurring dur-
ing the positive half cycle or the acceleration stage and,
respectively, a characteristic minimum acceleration a,;,
occurring during the negative half cycle or the braking
stage are being determined.

[0057] As values of the characteristic maximum accel-
eration ap,,,, and the characteristic minimum acceleration
anmin accelerations are defined, that clearly differ from ze-
ro, whereby the influence of the zero point error in the
acceleration sensor or of the coupling of gravitation,
caused by inclination, on the metering signal is minimal,
since they are clearly lower thanthe values a,,;, and a;,,-
[0058] In the solution according to the invention, the
characteristic maximum acceleration a,,, and the char-
acteristic minimum acceleration a,;, can be defined, for
example, directly as the maximum and/or the minimum
of the vertical acceleration value from the raw data meas-
ured by the acceleration sensor. Alternatively, in the so-
lution according to the invention, the values a,,, and
amin can be defined by filtering the acceleration sensor
signal a;,analogically by, forexample, mechanical damp-
ing of the signal a,.

[0059] Further, alternatively, in a solution according to
the invention, the values a4 and a,;, can be defined
by filtering the acceleration sensor signal a;, digitally, by
means of, for example, an RC filter. In this case, in the
digital filtering, the function used in the first stage filtering
could be, for instance:

A :ain/‘\/|1+(f/f0)2|r

where f = frequency and fy = the boundary frequency for
-3dB and the values a,,,, and a,;, can be defined based
on this filtered signal as, for example, the maximum
and/or the minimum of the filtered acceleration value.
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[0060] Further, alternatively, in the solution according
to the invention, the values a5, and a,,;, can be defined
by filtering the acceleration sensor signal a;, by means
of digital weighting. Here, the function to be used in the
digital weighting could be, for instance:

aouz(n): (l_k)*aoul(n_l)-l_ain *k ’

where n indicates the n th sample and k is the weighting
factor.

[0061] Further, alternatively, in a solution according to
the invention, the values a,,,, and a,, can be defined
by using a mean value calculated from the measured
acceleration value over times selected during the positive
and/or the negative half cycle.

[0062] The time used up for one step T, is obtained
as the time interval between two equivalent points, such
amaximum, a minimum, or a point of exceeding or falling
below a certain value, on the acceleration graph given
by the measured values of vertical acceleration. The time
Tc spent in ground contact during a step is obtained
based on the length of time of zero acceleration in the
acceleration graph derived from the measured vertical
acceleration values.

[0063] For running, it has been noted that the speed
is proportional to the inverse of the contact time and to
the force produced in the take off. Since the average
vertical acceleration of the body is zero,

T.-a,, +(T

step

max TC).amin:O’

the speed of locomotion v is obtained based on the char-
acteristic maximum acceleration a,,,, in other words,

where g is the acceleration caused by gravitation, f,.sis
a reference frequency and the characteristic maximum
acceleration a,,,, is the maximum value of the vertical
acceleration strongly filtered at, for instance, the bound-
ary frequency fy = 6 Hz. In running, the characteristic
maximum acceleration a4, of the middle or some other
part of the body is a good measure of the speed of
progress.

[0064] Forwalking, the speed is obtained based on the
characteristic minimum acceleration a;, of the vertical
acceleration, in other words,

min

y=k- |a

min
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[0065] The factors k depend, to some extent, on the
boundary frequency in the filtering of the acceleration
data. In walking, the characteristic minimum acceleration
amin of the middle or some other part of the body is a
good measure of the speed of progress.

[0066] In the solution according to the invention, the

step length sy, can be calculated using the formula:

Sstep =V ];tep ’

and, correspondingly, the step rate or the cadence fgq,
can be calculated using the formula:

fstep ZI/T

step *

[0067] In the solution according to the invention, run-
ning and walking can be distinguished from each other
based on step rate and speed of progress. At low running
speeds, a non-linear model can be used, and running
and walking can be adapted to each other.

[0068] In the solution according to the invention, the
step count n can be calculated on the basis of the number
n of equivalent points, such a maximum, a minimum, or
a point of exceeding or falling below a certain value, on
the acceleration graph given by the measured values of
vertical acceleration. Further, in the solution according
to the invention, the distance covered s can be calculated
as the sum of the step lengths:

n
s = Zsmp ().
i=1

[0069] In the solution according to the invention, a sin-
gle acceleration sensor of one axis can be used, and
thus, implementing the calculations of the formulae pre-
sented above is a simple task by means of, for example,
a microcontroller. This enables a small, low cost, and low
power sensor solution, by means of which a precision
sufficient for consumer products is achieved. Without in-
dividual calibration, the relative error, at distances ex-
ceeding one kilometer, is less than 10%.

[0070] In the solution according to the invention, an
acceleration sensor of many axes can be used as well,
and thatenables, for example, diagnosing stationary run-
ning.

[0071] In the solution according to the invention, a
magnetometer of two axes can also be used, by means
of which the length and direction of every step can be
obtained. There will be inclination compensation as well,
since the inclination of the body is more or less constant.
Calibration of direction and speed can be done by running
a straight line back and forth.

[0072] In the solution according to the invention, the
speed estimate suffers a minimal impact from the zero
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point error in the acceleration sensor or from gravitation
coupling into the metering signal caused by inclination,
when using the characteristic maximum acceleration
amax and the characteristic minimum acceleration a;,,
which values are large numbers in comparison with
those. The ways of progress, e.g. walking, running, and
skiing, can be distinguished from each other based on
the characteristic maximum acceleration a5, the char-
acteristic minimum acceleration a,,,, and/or the step
rate.

[0073] Inthe solution according to the invention, based
on the acceleration values measured during the step cy-
cles, characteristic maximum acceleration and charac-
teristic minimum acceleration values a5, and a,, for
each step cycle are defined, by means of which values
the speed, the steprate, the step length, and the distance
can be calculated with low power consumption using sim-
ple arithmetic, for example by using a polynome.
[0074] The system, even if not calibrated, provides
good precision. In order to improve precision, individual
calibration can be made for different modes of progress,
e.g. running, walking, pole walking, or cross-country ski-
ing. This can be done over a known distance using one
speed or a multitude of speeds. By repeating the calibra-
tion, errors in speed and distance caused by stochastic
errors are reduced, whereby precision is further im-
proved. New calibration data can be added to the old
data by suitable digital filtering. In addition, for further
improvement of the precision, information about the char-
acteristic maximum and minimum acceleration values
amax and ap,;, can be combined with contact time data,
with change in altitude and terrain inclination data ob-
tained from an altimeter, and/or with satellite navigation.
[0075] A complete step-by-step navigation unit is pro-
vided by adding to the step data the compass direction
obtained from a magnetometer. The magnetometer can
be calibrated, e.g. by rotating about a vertical axis. A
direction error in the installation can be calibrated away
by, e.g. walking a selected calibration route back and
forth. Absolute coordinate data is obtained by combining
this navigation unit with satellite navigation. Precision is
further improved by combining the navigation unit with a
map database and with an altimeter, since plausibility
checks of the coordinates and movement can be made
based on the altitude and changes in altitude.

[0076] By using an acceleration sensor signal perpen-
dicular to the principal metering direction, a measure of
the efficiency of locomotion is obtained.

[0077] Inthe solution according to the invention, char-
acteristic maximum acceleration and characteristic min-
imum acceleration values a5, and a,;, and/or maximum
and/or minimum acceleration values obtained from an
acceleration sensor of one or more axes can be used for
estimating the speed of progress of a person. The signal
of the acceleration sensor can be suitably filtered by
means of mechanical, electronic, analog and/or digital
filtering such, that the speed estimate is as exact and
reliable as possible. In the solution according to the in-
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vention, step time, step rate, step length, and distance
accumulated from the steps can be calculated based on
the speed and the time interval between consecutive
maxima or minima.

[0078] In the solution according to the invention, walk-
ing, running, and skiing, or some other way of progress
can be distinguished from each other based on, for ex-
ample, the maximum and minimum acceleration of the
middle of the body, the characteristic maximum and min-
imum acceleration values a,,, and a,;, and/or the step
rate.

[0079] In the solution according to the invention, the
parameters for an average person running and walking
can be utilized without individual calibration of the meas-
uring system. The measuring system can be calibrated
by means of individual calibration for one speed or for a
multitude of speeds for a certain way of progress, e.g.
running or walking. In the solution according to the in-
vention, the calibration of the measuring system can be
repeated such, that new data is combined with the old
data by digital filtering. The precision of the measuring
system can be improved by combining contact time data
with the maximum and minimum acceleration data.
[0080] In the solution according to the invention, the
direction of each step or the direction of the distance cov-
ered observed from time to time can be determined by
combining the speed estimate with the compass direction
obtained from a magnetometer of 2 or 3 axes. A magne-
tometer and an installation direction error can be com-
pensated for by rotating about a vertical axis and by walk-
ing a selected calibration route back and forth.

[0081] In the solution according to the invention, the
efficiency of the locomotion can be estimated by com-
bining with the characteristic maximum acceleration val-
ues and the characteristic minimum acceleration values
8mnax @nd a,,;, and/or with the maximum and minimum
acceleration value data, acceleration values measured
at right angles to those.

[0082] By means of the method and device according
to the invention, a precision is achieved equal to that of
the best methods presented above, by an implementa-
tion solution of significantly greater simplicity, utilizing
one acceleration sensor without inclination compensa-
tion.

[0083] By means of the method and device according
to the invention, the complicated algorithms of prior sys-
tems are avoided, and low cost, low power consumption,
and small size are achieved.

[0084] The low power consumption of the method and
device according to the invention allows a small battery
and givesitlonglife, or even a battery-free solution based
on, for example, recovery of the kinetic energy occurring
in the measuring device (harvesting).

[0085] The simple measuring algorithm of the method
and device according to the invention allows the compu-
tations to be performed entirely in the measuring unit,
which reduces the need for data transfer from the meas-
uring unit, and thus, the power consumption of data trans-
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mission utilizing radio traffic.

[0086] The small size of the measuring unit of the so-
lution according to the invention allows the unit to be po-
sitioned, for example, at a piece of garment of the moving
person, like, for example a piece of clothing, a piece of
headwear, the neck, a pocket or close to the middle of
the body, i.e. near the center of gravity of the body, at
the belt, for instance. The method according to the in-
vention is applicable, for example, to both slow and fast
running, to walking at various speeds, pole walking cross-
country skiing, downhill sports, roller skiing, roller-skating
and skating.

[0087] The method and device according to the inven-
tion can be used for measuring a moving person’s speed,
the step length, and the distance covered, based on max-
imum and minimum acceleration values of the body, giv-
en by an acceleration sensor of one axis for vertical ac-
celeration and/or characteristic maximum and minimum
acceleration values a,,,;, and a,;,. In the solution accord-
ing to the invention, the acceleration signal can be opti-
mally filtered such, that the acceleration signal gives as
good a picture of the speed as possible.

[0088] In the solution according to the invention, the
ways of locomotion of the moving person, like walking
and running, can be distinguished from each other based
on the cadence and the speed of locomotion. In the so-
lution according to the invention the parameters for an
average person walking and running can be utilized with-
out any individual calibration of the measuring system.
The solution according to the invention enables calibra-
tion of the single point measuring system for walking and
for running.

[0089] The solution according to the invention enables
diagnosing stationary running by means of a sensor of
longitudinal acceleration. The solution according to the
invention enables the direction of each step and the dis-
tance covered to be determined by means of a compass
of two or three axes. The solution according to the inven-
tion enables calibration of the installation error of the com-
pass by traveling the same route back and forth.

Claims

1. A method for measuring speed of a moving person,
the method comprising:

measuring values of vertical acceleration of the
body of the moving person during step cycles of
the moving person by means of an acceleration
sensor (4);

processing the measured values of vertical ac-
celerationin ananalysis unit(5) based ona proc-
essor, the processing including:

filtering the measured values of vertical ac-
celeration; characterized by further
defining for the step cycles a step cycle-spe-
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cific characteristic maximum acceleration
value a5, from the filtered values of vertical
acceleration during a positive half-cycle;
defining for the step cycles a step cycle-spe-
cific characteristic minimum acceleration
value a,,;, from the filtered values of vertical
acceleration during a negative half-cycle;
calculating speed of the moving person
based on the step cycle-specific character-
istic maximum acceleration value a5, or
on the step cycle-specific characteristic
minimum acceleration value a,.

2. Method according to claim 1, characterized by:

digitally filtering the measured values of vertical
acceleration;

defining for the step cycles a step cycle-specific
characteristic maximum acceleration value a5
as a mean value of the digitally filtered values
of vertical acceleration of the body measured
during the positive half-cycle;

defining for the step cycles a step cycle-specific
characteristic minimum acceleration value a,;,
as a mean value of the digitally filtered values
of vertical acceleration of the body measured
during the negative half-cycle.

3. Method according to claim 1, characterized by:

analogically filtering the measured values of ver-
tical acceleration;

defining for the step cycles the step cycle-spe-
cific characteristic maximum acceleration a,,
as a maximum of the analogically filtered values
of vertical acceleration of the body;

defining for the step cycles the step cycle-spe-
cific characteristic minimum accelerations a,,
as a minimum of the analogically filtered values
of vertical acceleration of the body.

Method according to claim 1, characterized by
filtering the measured values of vertical acceleration
with digital weighting;

defining for the step cycles the step cycle-specific
characteristic maximum acceleration a,,, as a max-
imum of the filtered values of vertical acceleration of
the body;

defining for the step cycles the step cycle-specific
characteristic minimum accelerations a,;;, as a min-
imum of the filtered values of vertical acceleration of
the body;

wherein the function used in the digital weighting is:

aouz(n): (l_k)*aoul(n_l)-l_ain *k ’
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where n indicates the nth sample value and k is a
weighting factor.

Method according to claim 2, characterized by:
filtering the measured values of vertical acceleration
with digital weighting, wherein the function used in
the digital weighted filtering is:

a,,(n)=(-k)*a,,(n-1)+a, =k,

out

where nindicates the nth sample and kis the weight-
ing factor.

Method according to any one of the preceding claims
1 to 5, characterized by the calculating the speed
v based on the characteristic maximum acceleration

values a,,, of the vertical acceleration as follows:

where g is the acceleration caused by gravitation,
for is a reference frequency and the characteristic
maximum acceleration a,,, is the step cycle-specific
characteristic maximum acceleration value filtered
at a selected boundary frequency f,.

Method according to any one of the preceding claims
1 to 5, characterized by calculating the speed v
based on the step cycle-specific characteristic min-
imum acceleration value a,;, of the vertical acceler-
ation as follows:

Method according to any one of the claims 1 to 8,
characterized by:

deriving for the step cycles an acceleration
graph from the measured values of vertical ac-
celeration of the body;

calculating a time T, used up for one step cy-
cle as a time interval between equivalent points
on two acceleration graphs, wherein the equiv-
alent point is a maximum value in the accelera-
tion graph, a minimum value in the acceleration
graph, or a point where the value in the accel-
eration graph exceeds or falls below a certain
value.

Method according to claim 8, characterized by cal-
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culating a step length s, using the formula:

step

Sstep =V ];tep ¢

Method according to claim 8 or 9, characterized by
calculating a step rate fyg, using the formula:

=1/T,, .

f step step

Method according to claim 8, 9, or 10, characterized
by:

detecting a number n of equivalent points on the
acceleration graph;

calculating a step count n on the basis of the
detected number n of equivalent points.

Method according to claim 11, characterized by cal-
culating a distance s covered by the moving person
as the sum of the lengths of the steps:

n
5= Zsmp () .
i=l

Method according to any one of the preceding claims
1 to 12, characterized by distinguishing ways of
progress, like walking, running, and skiing, based on
the characteristic maximum and minimum acceler-
ation values a5, and a,;, and/or the step rate.

Method according to claim 13, characterized by
making an individual calibration for each way of
progress.

Method according to any one of the preceding claims
1to 14, characterized by using the method in step-
by-step navigation.

A device for measuring speed of a moving person,
characterized in that the device comprises:

an acceleration sensor (4) for measuring values
of vertical acceleration of the body during step
cycles of the moving person;

means (5) for filtering the measured values of
vertical acceleration;

means (5) for defining for the step cycles a step
cycle-specific characteristic maximum acceler-
ation a,,, from the filtered values of vertical ac-
celeration within a positive half-cycle;

means (5) for defining for the step cycles a char-
acteristic minimum acceleration a,;,, from the
filtered values of vertical acceleration within a
negative half-cycle;
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means (5) for calculating speed of the moving
person based on the step cycle-specific charac-
teristic maximum acceleration value a,,, or on
the step cycle-specific characteristic minimum
acceleration value a,.

17. Device according to claim 16, characterized in that

the device is further adapted to:

digitally filter the measured values of vertical ac-
celeration;

define for the step cycles a step cycle-specific
characteristic maximum acceleration value a,,,,
as a mean value of the digitally filtered values
of vertical acceleration of the body measured
during the positive half-cycle;

define for the step cycles a step cycle-specific
characteristic minimum acceleration value a;,
as a mean value of the digitally filtered values
of vertical acceleration of the body measured
during the negative half-cycle.

18. Device according to claim 16, characterized in that

the device is further adapted to:

analogically filter the measured values of verti-
cal acceleration;

define for step cycles the step cycle-specific
characteristic maximum acceleration a,,,, as a
maximum of the analogically filtered values of
vertical acceleration;

define for step cycles the step cycle-specific
characteristic minimum accelerations a;, as a
minimum of the analogically filtered values of
vertical acceleration.

19. Device according to claim 16, characterized in that

the device is adapted to:

filter the measured values of vertical accelera-
tion with digital weighting;

define for the step cycles the step cycle-specific
characteristic maximum acceleration a,,, as a
maximum of the filtered values of vertical accel-
eration of the body;

define for step cycles the step cycle-specific
characteristic minimum accelerations a,;, as a
minimum of the filtered values of vertical accel-
eration of the body,

use in the digital weighted filtering a function:

aouz(n): (l_k)*aoul(n_l)-l_ain *k ’

where n indicates the nth sample and k is a
weighting factor.
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Device according to claim 16, characterized in that
the device is adapted to filter the measured values
ofvertical acceleration with digital weighting, and use
in the digital weighted filtering a function:

aouz(n): (l_k)*aoul(n_l)-l_ain *k 4

where nindicates the nth sample and kis a weighting
factor.

Device according to any one of the preceding claims
16 to 20, characterized in that the device is adapted
to calculate the speed v based on the characteristic
maximum acceleration values a,,,,, of the vertical ac-
celeration as follows:

where g is the acceleration caused by gravitation,
fer is a reference frequency and a,,, is the step-
cycle specific characteristic maximum acceleration
filtered at a selected boundary frequency f;.

Device according to any one of the preceding claims
16 to 20, characterized in that the device is adapted
to calculate the speed v based on the characteristic
minimum acceleration values a,,;, of the vertical ac-
celeration as follows:

min

Device according to any one of the preceding claims
16 to 22, characterized in that the device is adapted
to:

derive for the step cycles an acceleration graph
from the measured values of vertical accelera-
tion of the body;

calculate a time T, used up for one step cycle
as a time interval between equivalent points on
two acceleration graphs, wherein the equivalent
point is a maximum value in the acceleration
graph, a minimum value in the acceleration
graph, or a point where the value in the accel-
eration graph exceeds or falls below a certain
value.

Device according to claim 23, characterized in that
the device is adapted to calculate a step length s,
using a formula:
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s =y*T |

step step

Device according to claim 23 or 24, characterized
in that the device is adapted to calculate a step rate
fstep Using a formula:

=1/T,, .

fstep step
Device according to claim 23, 24, or 25, character-
ized in that the device is adapted to:

detect a number n of equivalent points on the
acceleration graph;

calculate a step count n on the basis of the de-
tected number n of equivalent points.

Device according to any one of the preceding claims
2410 26, characterized in that the device is adapted
to calculate a distance s covered by the moving per-
son as the sum of the step lengths:

n
5= Zsmp (i) .
i=1

Device according to any one of the preceding claims
16 to 25, characterized in that the device is adapted
to distinguish between ways of progress, like walk-
ing, running, and skiing, based on the characteristic
maximum and minimum acceleration values a
and a,,;, and/or the step rate.

max

Device according to claim 28, characterized in that
the device is adapted to make an individual calibra-
tion for each way of progress, like running, walking,
pole walking, or cross-country skiing.

Device according to any one of the preceding claims
16 t0 29, characterized in that the device is adapted
for use in step-by-step navigation.

Device according to claim 30, characterized in that
the device is adapted to cooperate with an altimeter,
satellite navigation devices, and/ora magnetometer.

Device according to claim 30 or 31, characterized
in that the device is adapted to receive and/or utilize
map database data and/or terrain inclination data.

Device according to any one of the preceding claims
16 to 32 adapted to be positioned at the middle of
the body of a moving person .

Device according to claim 31, characterized in that
the device is included in a piece of clothing, a piece
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of headwear, the neck, a pocket, or the belt of the
moving person.

System for measuring progress of a moving person,
characterized in that the system comprises a de-
vice according to any one of the preceding claims
16 to 34, and a display unit adapted to co-operate
with the device.

System according to claim 35, characterized in that
said device for measuring speed of the moving per-
son and said display unit for the moving person are
integrated into one device.

Patentanspriiche

1.

2,

Verfahren zum Messen der Geschwindigkeit einer
sich bewegenden Person, wobei das Verfahren um-
fasst:

Messen von Werten der Vertikalbeschleuni-
gung des Korpers der sich bewegenden Person
wahrend Schrittzyklen der sich bewegenden
Person mittels eines Beschleunigungssensors
(4);

Verarbeiten der Messwerte der Vertikalbe-
schleunigung in einer Analyseeinheit (5) basie-
rend auf einem Prozessor, wobei das Verarbei-
ten umfasst:

Filtern der Messwerte der Vertikalbeschleu-
nigung; ferner gekennzeichnet durch
Festlegen eines schrittzyklusspezifischen
charakteristischen maximalen Beschleuni-
gungswertes a,, fir die Schrittzyklen aus
den gefilterten Werten der Vertikalbe-
schleunigung wahrend eines positiven
Halbzyklus;

Festlegen eines schrittzyklusspezifischen
charakteristischen minimalen Beschleuni-
gungswertes a,, fur die Schrittzyklen aus
den gefilterten Werten der Vertikalbe-
schleunigung wahrend eines negativen
Halbzyklus;

Berechnen der Geschwindigkeit der sich
bewegenden Person basierend auf dem
schrittzyklusspezifischen charakteristi-
schen maximalen Beschleunigungswert
amax 0oder dem schrittzyklusspezifischen
charakteristischen minimalen Beschleuni-
gungswert apn-

Verfahren nach Anspruch 1,
durch:

gekennzeichnet

digitales Filtern der Messwerte der Vertikalbe-
schleunigung;
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3. Verfahren nach Anspruch 1,

Festlegen eines schrittzyklusspezifischen cha-
rakteristischen maximalen Beschleunigungs-
wertes a,,, fur die Schrittzyklen als Mittelwert
der wahrend des positiven Halbzyklus gemes-
senen, digital gefilterten Werte der Vertikalbe-
schleunigung des Kérpers;

Festlegen eines schrittzyklusspezifischen cha-
rakteristischen minimalen Beschleunigungs-
wertes a,;, fur die Schrittzyklen als Mittelwert
der wahrend des negativen Halbzyklus gemes-
senen, digital gefilterten Werte der Vertikalbe-
schleunigung des Kérpers.

gekennzeichnet
durch:

analoges Filtern der Messwerte der Vertikalbe-
schleunigung;

Festlegen der schrittzyklusspezifischen charak-
teristischen maximalen Beschleunigung ap,ax
fur die Schrittzyklen als Maximum der analog
gefilterten Werte der Vertikalbeschleunigung
des Korpers;

Festlegen der schrittzyklusspezifischen charak-
teristischen minimalen Beschleunigungen a,
fur die Schrittzyklen als Minimum der analog ge-
filterten Werte der Vertikalbeschleunigung des
Korpers.

Verfahren nach Anspruch 1,
durch

Filtern der Messwerte der Vertikalbeschleunigung
mit digitaler Gewichtung;

Festlegen der schrittzyklusspezifischen charakteris-
tischen maximalen Beschleunigung a,,, flr die
Schrittzyklen als Maximum der gefilterten Werte der
Vertikalbeschleunigung des Kérpers;

Festlegen der schrittzyklusspezifischen charakteris-
tischen minimalen Beschleunigungen a,, fur die
Schrittzyklen als Minimum der gefilterten Werte der
Vertikalbeschleunigung des Kérpers;

wobei die bei der digitalen Gewichtung verwendete
Funktion lautet:

gekennzeichnet

aom‘(n): (I_k)*aom‘(n_l)-l_ain *k

2

wobei gilt: n zeigt den n-ten Abtastwert an und k ist
ein Gewichtungsfaktor.

Verfahren nach Anspruch 2, gekennzeichnet
durch:

Filtern der Messwerte der Vertikalbeschleunigung
mit digitaler Gewichtung, wobei die bei der digital
gewichteten Filterung verwendete Funktion lautet:
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(n)=(-k)xa,,(n-1)+a, =k

2

a

out

wobei gilt: n zeigt die n-te Abtastung an und k ist der
Gewichtungsfaktor.

Verfahren nach einem der vorhergehenden Anspri-
che 1 bis 5, gekennzeichnet durch das Berechnen
der Geschwindigkeit v basierend auf den charakte-
ristischen maximalen Beschleunigungswerten a5,
der Vertikalbeschleunigung wie folgt:

wobei gilt: g ist die durch die Gravitation verursachte
Beschleunigung, f,.¢ist eine Referenzfrequenz, und
die charakteristische maximale Beschleunigung
amay ist der bei einer ausgewahlten Grenzfrequenz
fo gefilterte schrittzyklusspezifische charakteristi-
sche maximale Beschleunigungswert.

Verfahren nach einem der vorhergehenden Anspri-
che 1 bis 5, gekennzeichnet durch das Berechnen
der Geschwindigkeit v basierend auf dem schrittzy-
klusspezifischen charakteristischen minimalen Be-
schleunigungswert a,,,;, der Vertikalbeschleunigung
wie folgt:

vek- |a

min | *

Verfahren nach einem der Anspriiche 1 bis 8, ge-
kennzeichnet durch:

Herleiten eines Beschleunigungsgraphen fir
die Schrittzyklen aus den Messwerten der Ver-
tikalbeschleunigung des Korpers;

Berechnen einer flr einen Schrittzyklus aufge-
wendeten Zeit T, als Zeitintervall zwischen
aquivalenten Punkten auf zwei Beschleuni-
gungsgraphen, wobei der quivalente Punkt ein
Maximalwert im Beschleunigungsgraphen, ein
Minimalwert im Beschleunigungsgraphen oder
ein Punkt ist, an dem der Wert im Beschleuni-
gungsgraphen einen bestimmten Wert Uber-
schreitet oder unterschreitet.

9. Verfahren nach Anspruch 8, gekennzeichnet

durch Berechnen einer Schrittldnge s mit Hilfe

der Formel:

step
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10.

1.

12.

13.

14.

15.

16.
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s, =v*T

step step

Verfahren nach Anspruch 8 oder 9, gekennzeichnet
durch Berechnen einer Schrittfrequenz fg, , mit Hilfe
der Formel:

=1/T

step

‘fslep

Verfahren nach Anspruch 8, 9 oder 10, gekenn-
zeichnet durch:

Erfassen einer Anzahl nvon aquivalenten Punk-
ten auf dem Beschleunigungsgraphen;
Berechnen einer Schrittzahl n basierend auf der
erfassten Anzahl n von aquivalenten Punkten.

Verfahren nach Anspruch 11, gekennzeichnet
durch Berechnen einer von der sich bewegenden
Person zuriickgelegten Strecke s als Summe der
Langen der Schritte:

n
S = Z S siep (1)
i=l

Verfahren nach einem der vorhergehenden Anspri-
che 1bis 12, gekennzeichnet durch Unterscheiden
von Arten der Fortbewegung wie Gehen, Laufen und
Skifahren basierend auf den charakteristischen ma-
ximalen und minimalen Beschleunigungswerten
8nax Und a,;, und/oder der Schrittfrequenz.

Verfahren nach Anspruch 13, gekennzeichnet
durch Ausfiihren einer individuellen Kalibrierung fur
jede Art der Fortbewegung.

Verfahren nach einem der vorhergehenden Anspri-
che 1 bis 14, gekennzeichnet durch Verwenden
des Verfahrens in der Schritt-fiir-Schritt-Navigation.

Vorrichtung zum Messen der Geschwindigkeit einer
sich bewegenden Person, dadurch gekennzeich-
net, dass die Vorrichtung umfasst:

einen Beschleunigungssensor (4) zum Messen
von Werten der Vertikalbeschleunigung des
Korpers wahrend Schrittzyklen der sich bewe-
genden Person;

Mittel (5) zum Filtern der Messwerte der Verti-
kalbeschleunigung;

Mittel (5) zum Festlegen einer schrittzyklusspe-
zifischen charakteristischen maximalen Be-
schleunigung a,,, flr die Schrittzyklen aus den
gefilterten Werten der Vertikalbeschleunigung
innerhalb eines positiven Halbzyklus;
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Mittel (5) zum Festlegen einer charakteristi-
schen minimalen Beschleunigung a,, fir die
Schrittzyklen aus den gefilterten Werten der
Vertikalbeschleunigung innerhalb eines negati-
ven Halbzyklus;

Mittel (5) zum Berechnen der Geschwindigkeit
der sich bewegenden Person basierend auf
dem schrittzyklusspezifischen charakteristi-
schen maximalen Beschleunigungswert a,,,
oder dem schrittzyklusspezifischen charakteris-
tischen minimalen Beschleunigungswert a;,.

17. Vorrichtung nach Anspruch 16, dadurch gekenn-

zeichnet, dass die Vorrichtung ferner eingerichtet
ist zum:

digitalen Filtern der Messwerte der Vertikalbe-
schleunigung;

Festlegen eines schrittzyklusspezifischen cha-
rakteristischen maximalen Beschleunigungs-
wertes a,,, fur die Schrittzyklen als Mittelwert
der wahrend des positiven Halbzyklus gemes-
senen, digital gefilterten Werte der Vertikalbe-
schleunigung des Koérpers;

Festlegen eines schrittzyklusspezifischen cha-
rakteristischen minimalen Beschleunigungs-
wertes a,, fur die Schrittzyklen als Mittelwert
der wahrend des negativen Halbzyklus gemes-
senen, digital gefilterten Werte der Vertikalbe-
schleunigung des Koérpers.

18. Vorrichtung nach Anspruch 16, dadurch gekenn-

zeichnet, dass die Vorrichtung ferner eingerichtet
ist zum:

analogen Filtern der Messwerte der Vertikalbe-
schleunigung;

Festlegen der schrittzyklusspezifischen charak-
teristischen maximalen Beschleunigung ap,ax
fur die Schrittzyklen als Maximum der analog
gefilterten Werte der Vertikalbeschleunigung;
Festlegen der schrittzyklusspezifischen charak-
teristischen minimalen Beschleunigungen a,
fur die Schrittzyklen als Minimum der analog ge-
filterten Werte der Vertikalbeschleunigung.

19. Vorrichtung nach Anspruch 16, dadurch gekenn-

zeichnet, dass die Vorrichtung eingerichtet ist zum:

Filtern der Messwerte der Vertikalbeschleuni-
gung mit digitaler Gewichtung;

Festlegen der schrittzyklusspezifischen charak-
teristischen maximalen Beschleunigung a,,,
fur die Schrittzyklen als Maximum der gefilterten
Werte der Vertikalbeschleunigung des Kérpers;
Festlegen der schrittzyklusspezifischen charak-
teristischen minimalen Beschleunigungen a,
fur die Schrittzyklen als Minimum der gefilterten
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20.

21.

22,

23.

26

Werte der Vertikalbeschleunigung des Kérpers,
beim digital gewichteten Filtern Verwenden ei-
ner Funktion:

aom‘(n): (I_k)*aom‘(n_l)-l_ain *k

14

wobei gilt: n zeigt die n-te Abtastung an und k
ist ein Gewichtungsfaktor.

Vorrichtung nach Anspruch 16, dadurch gekenn-
zeichnet, dass die Vorrichtung eingerichtet ist zum
Filtern der Messwerte der Vertikalbeschleunigung
mit digitaler Gewichtung und, beim digital gewichte-
ten Filtern, Verwenden einer Funktion:

aom‘(n): (I_k)*aam‘(n_l)-l_ain *k

14

wobei gilt: n zeigt die n-te Abtastung an und kst ein
Gewichtungsfaktor.

Vorrichtung nach einem der vorhergehenden An-
spriiche 16 bis 20, dadurch gekennzeichnet, dass
die Vorrichtung eingerichtet ist zum Berechnen der
Geschwindigkeit v basierend auf den charakteristi-
schen maximalen Beschleunigungswerten ay,,,, der
Vertikalbeschleunigung wie folgt:

wobei gilt: g ist die durch die Gravitation verursachte
Beschleunigung, f,.fist eine Referenzfrequenz, und
a,ax ISt die bei einer ausgewahlten Grenzfrequenz
fo gefilterte schrittzyklusspezifische charakteristi-
sche maximale Beschleunigung.

Vorrichtung nach einem der vorhergehenden An-
spriiche 16 bis 20, dadurch gekennzeichnet, dass
die Vorrichtung eingerichtet ist zum Berechnen der
Geschwindigkeit v basierend auf den charakteristi-
schen minimalen Beschleunigungswerten a;, der
Vertikalbeschleunigung wie folgt:

vak- |a

min | *
Vorrichtung nach einem der vorhergehenden An-
spriiche 16 bis 22, dadurch gekennzeichnet, dass

die Vorrichtung eingerichtet ist zum:

Herleiten eines Beschleunigungsgraphen fir



24,

25.

26.

27.

28.

29.

27

die Schrittzyklen aus den Messwerten der Ver-
tikalbeschleunigung des Korpers;

Berechnen einer flr einen Schrittzyklus aufge-
wendeten Zeit Ty, als Zeitintervall zwischen
aquivalenten Punkten auf zwei Beschleuni-
gungsgraphen, wobei der quivalente Punkt ein
Maximalwert im Beschleunigungsgraphen, ein
Minimalwert im Beschleunigungsgraphen oder
ein Punkt ist, an dem der Wert im Beschleuni-
gungsgraphen einen bestimmten Wert Uber-
schreitet oder unterschreitet.

Vorrichtung nach Anspruch 23, dadurch gekenn-
zeichnet, dass die Vorrichtung eingerichtet ist zum
Berechnen einer Schrittlange sy, mit Hilfe einer
Formel:

s =v*T

step step

Vorrichtung nach Anspruch 23 oder 24, dadurch ge-
kennzeichnet, dass die Vorrichtung eingerichtet ist
zum Berechnen einer Schrittfrequenz fg,, mit Hilfe
einer Formel:

=1/T

step

‘fslep

Vorrichtung nach Anspruch 23, 24 oder 25, dadurch
gekennzeichnet, dass die Vorrichtung eingerichtet
ist zum:

Erfassen einer Anzahl n von &quivalenten Punk-
ten auf dem Beschleunigungsgraphen;
Berechnen einer Schrittzahl n basierend auf der
erfassten Anzahl n von dquivalenten Punkten.

Vorrichtung nach einem der vorhergehenden An-
spriiche 24 bis 26, dadurch gekennzeichnet, dass
die Vorrichtung eingerichtetist zum Berechnen einer
von der sich bewegenden Person zuriickgelegten
Strecke s als Summe der Schrittlangen:

n
s = Z S step (1)
i=1

Vorrichtung nach einem der vorhergehenden An-
spriiche 16 bis 25, dadurch gekennzeichnet, dass
die Vorrichtung eingerichtet ist zum Unterscheiden
von Arten der Fortbewegung wie Gehen, Laufen und
Skifahren basierend auf den charakteristischen ma-
ximalen und minimalen Beschleunigungswerten
8max Und ap,i, und/oder der Schrittfrequenz.

Vorrichtung nach Anspruch 28, dadurch gekenn-
zeichnet, dass die Vorrichtung eingerichtet ist zum
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30.

31.

32,

33.

34.

35.

36.

28

Ausfiihren einer individuellen Kalibrierung fur jede
Art der Fortbewegung wie Laufen, Gehen, Nordic
Walking oder Skilanglauf.

Vorrichtung nach einem der vorhergehenden An-
spriiche 16 bis 29, dadurch gekennzeichnet, dass
die Vorrichtung eingerichtet ist zur Verwendung in
der Schritt-fir-Schritt-Navigation.

Vorrichtung nach Anspruch 30, dadurch gekenn-
zeichnet, dass die Vorrichtung eingerichtet ist zum
Zusammenwirken mit einem Hohenmesser, Satelli-
tennavigationsgeraten und/oder einem Magnetome-
ter.

Vorrichtung nach Anspruch 30 oder 31, dadurch ge-
kennzeichnet, dass die Vorrichtung eingerichtet ist
zum Empfangen und/oder Nutzen von Daten von
Kartendatenbanken und/oder Daten der Gelande-
neigung.

Vorrichtung nach einem der vorhergehenden An-
spriiche 16 bis 32, die dazu eingerichtet ist, in der
Mitte des Korpers einer sich bewegenden Person
positioniert zu werden.

Vorrichtung nach Anspruch 31, dadurch gekenn-
zeichnet, dass die Vorrichtung in einem Kleidungs-
stiick, einer Kopfbedeckung, am Hals, in einer Klei-
dungstasche oder am Giirtel der sich bewegenden
Person enthalten ist.

System zum Messen der Fortbewegung einer sich
bewegenden Person, dadurch gekennzeichnet,
dass das System eine Vorrichtung nach einem der
vorhergehenden Anspriiche 16 bis 34 und eine zum
Zusammenwirken mit der Vorrichtung eingerichtete
Anzeigeeinheit umfasst.

System nach Anspruch 35, dadurch gekennzeich-
net, dass die Vorrichtung zum Messen der Ge-
schwindigkeit der sich bewegenden Person und die
Anzeigeeinheit fir die sich bewegende Person in ei-
ner Vorrichtung integriert sind.

Revendications

1.

Procédé de mesure de la vitesse d’'une personne en
mouvement, ledit procédé comprenant les étapes
consistant a :

mesurer des valeurs de I'accélération verticale
du corps de la personne en mouvement pendant
descycles de pas dela personne en mouvement
au moyen d’un capteur d’accélération (4) ;

traiter les valeurs mesurées de I'accélération
verticale dans une unité d’analyse (5) surlabase
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d’'un processeur, ledit traitement comprenant
I'étape consistant a :

filtrer les valeurs mesurées de I'accélération
verticale ; également caractérisé par les éta-
pes consistant a :

définir, pour les cycles de pas, une valeur
d’accélération maximale caractéristique
spécifique au cycle de pas a4 a partir des
valeurs filtrées de I'accélération verticale
pendant un demi-cycle positif;

définir, pour les cycles de pas, une valeur
d’accélération minimale caractéristique
spécifique au cycle de pas a,;, & partir des
valeurs filtrées de I'accélération verticale
pendant un demi-cycle négatif;

calculer la vitesse de la personne en mou-
vement sur la base de la valeur d’accéléra-
tion maximale caractéristique spécifique au
cycle de pas a4 ou de la valeur d’accélé-
ration minimale caractéristique spécifique
au cycle de pas ap,-

2. Procédé selon la revendication 1, caractérisé par

les étapes consistant a:

filtrer numériquement les valeurs mesurées de
'accélération verticale ;

définir, pour les cycles de pas, une valeur d’ac-
célération maximale caractéristique spécifique
au cycle de pas a5, en tant que moyenne des
valeursfiltrées numériquement de I'accélération
verticale du corps mesurées pendant le demi-
cycle positif;

définir, pour les cycles de pas, une valeur d’ac-
célération minimale caractéristique spécifique
au cycle de pas a;, en tant que moyenne des
valeursfiltrées numériquement de I'accélération
verticale du corps mesurées pendant le demi-
cycle négatif.

3. Procédé selon la revendication 1, caractérisé par

les étapes consistant a:

filtrer analogiquement les valeurs mesurées de
'accélération verticale ;

définir, pour les cycles de pas, I'accélération
maximale caractéristique spécifique au cycle de
pas a5, en tant que maximum des valeurs fil-
trées analogiquement de I'accélération verticale
du corps ;

définir, pour les cycles de pas, les accélérations
minimales caractéristiques spécifiques au cycle
de pas a,, en tant que minimum des valeurs
filirées analogiquement de I'accélération verti-
cale du corps.

4. Procédé selon la revendication 1, caractérisé par
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les étapes consistant a

filtrer les valeurs mesurées de I'accélération vertica-
le avec pondération numérique ;

définir, pour les cycles de pas, I'accélération maxi-
male caractéristique spécifique au cycle de pas a4
en tant que maximum des valeurs filtrées de I'accé-
|ération verticale du corps ;

définir, pour les cycles de pas, les accélérations mi-
nimales caractéristiques spécifiques au cycle de pas
amin €n tant que minimum des valeurs filtrées de I'ac-
célération verticale du corps ;

la fonction utilisée pour ladite pondération numéri-
que étant :

aom‘(n): (I_k)*aom‘(n_l)-l_ain *k

2

ou n indique la n-eme valeur d’échantillonnage et k
est un facteur de pondération.

Procédé selon la revendication 2, caractérisé par
I’étape consistant a:

filtrer les valeurs mesurées de I'accélération vertica-
le avec pondération numeérique ; la fonction utilisée
dans ladite filtration a pondération numérique étant :

aom‘(n): (I_k)*aom‘(n_l)-l_ain *k

2

ou n indique le n-eme échantillonnage et k est un
facteur de pondération.

Procédé selon 'une des revendications précédentes
1 a 5, caractérisé par I'étape consistant a calculer
la vitesse v sur la base des valeurs d’accélération
maximale caractéristique a5, de I'accélération ver-
ticale comme suit:

ou g est l'accélération due a la pesanteur, f,; est
une fréquence de référence, et I'accélération maxi-
male caractéristique a,,,,, estla valeur d’accélération
maximale caractéristique spécifique au cycle de pas
filtrée & une fréquence limite f; choisie.

Procédé selon 'une des revendications précédentes
1 a 5, caractérisé par I'étape consistant a calculer
la vitesse v sur la base de la valeur d’accélération
minimale caractéristique spécifique au cycle de pas

amin de l'accélération verticale comme suit:
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vek- |a.

mr

Procédé selon I'une des revendications 1 a 8, ca-
ractérisé par les étapes consistant a:

dériver, pour les cycles de pas, un graphe d’ac-
célération a partir des valeurs mesurées de I'ac-
célération verticale du corps;

calculer un temps T, requis pour un cycle de
pas en tant qu'intervalle de temps entre des
points équivalents sur deux graphes d’accélé-
ration, ledit point équivalent étant une valeur
maximale dans le graphe d’accélération, une
valeur minimale dans le graphe d’accélération
ou un point ou la valeur dans le graphe d’accé-
lération devient supérieure ou inférieure a une
certaine valeur.

Procédé selon la revendication 8, caractérisé par
I'étape consistant a calculer une longueur de pas

Sstep @ 'aide de la formule :

s, =v*T

step step

Procédé selon la revendication 8 ou 9, caractérisé
par I'étape consistant a calculer une fréquence de
pas fye, a l'aide de la formule :

‘fslep = 1/ T;lep .

Procédé selon la revendication 8, 9 ou 10, caracté-
risé par les étapes consistant a:

détecter un nombre n de poins équivalents sur
le graphe d’accélération ;

calculer un nombre de pas n sur la base du nom-
bre n de points équivalents détecté.

Procédé selon la revendication 11, caractérisé par
I'étape consistant a calculer une distance s parcou-
rue par le personne en mouvement en tant que som-
me des longueurs des pas :

n
S = Z S siep (1)
i=l

Procédeé selon'une des revendications précédentes
1 a 12, caractérisé par I'étape consistant a distin-
guer les modes de locomotion tels que la marche,
la course et le ski sur la base des valeurs d’accélé-
ration maximale et minimale caractéristiques a,,,
et a,;, et/ou de la fréquence de pas.
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15.

16.

17.

18.

32

Procédé selon la revendication 13, caractérisé par
I’étape consistant a effectuer une calibration indivi-
duelle pour chaque mode de locomotion.

Procédé selon 'une des revendications précédentes
1 a 14, caractérisé par I'utilisation du procédé dans
une navigation pas a pas.

Dispositif de mesure de la vitesse d’une personne
en mouvement, caractérisé en ce que ledit dispo-
sitif comprend :

un capteur d’accélération (4) pour mesurer des
valeurs d’accélération verticale du corps pen-
dant des cycles de pas de la personne en
mouvement ;

un moyen (5) pour filtrer les valeurs mesurées
de I'accélération verticale ;

un moyen (5) pour définir, pour les cycles de
pas, une accélération maximale caractéristique
spécifique au cycle de pas a,,,, & partir des va-
leursfiltrées de I'accélération verticale en un de-
mi-cycle positif ;

un moyen (5) pour définir, pour les cycles de
pas, une accélération minimale caractéristique
amin @ partir des valeurs filtrées de I'accélération
verticale en un demi-cycle négatif ;

un moyen (5) pour calculer la vitesse de la per-
sonne en mouvement sur la base de la valeur
d’accélération maximale caractéristique spéci-
fique au cycle de pas a5, ou de la valeur d’ac-
célération minimale caractéristique spécifique
au cycle de pas ap;,-

Dispositif selon la revendication 16, caractérisé en
ce que ledit dispositif est également adapté a :

filtrer numériquement les valeurs mesurées de
I’'accélération verticale ;

définir, pour les cycles de pas, une valeur d’ac-
célération maximale caractéristique spécifique
au cycle de pas a,,,, en tant que moyenne des
valeurs filtrées numériquement de I'accélération
verticale du corps mesurées pendant le demi-
cycle positif;

définir, pour les cycles de pas, une valeur d’ac-
célération minimale caractéristique spécifique
au cycle de pas a,, en tant que moyenne des
valeurs filtrées numériquement de I'accélération
verticale du corps mesurées pendant le demi-
cycle négatif.

Dispositif selon la revendication 16, caractérisé en
ce que ledit dispositif est également adapté a :

filtrer analogiquement les valeurs mesurées de
I’'accélération verticale ;
définir, pour les cycles de pas, I'accélération
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maximale caractéristique spécifique au cycle de
pas a5, en tant que maximum des valeurs fil-
trées analogiquement de [I'accélération
verticale ;

définir, pour les cycles de pas, les accélérations
minimales caractéristiques spécifiques au cycle
de pas a,, en tant que minimum des valeurs
filirées analogiquement de I'accélération verti-
cale.

19. Dispositif selon la revendication 16, caractérisé en

ce que ledit dispositif est adapté a :

filtrer les valeurs mesurées de I'accélération ver-
ticale avec pondération numérique ;

définir, pour les cycles de pas, I'accélération
maximale caractéristique spécifique au cycle de
pas ap,,, en tant que maximum des valeurs fil-
trées de I'accélération verticale du corps ;
définir, pour les cycles de pas, les accélérations
minimales caractéristiques spécifiques au cycle
de pas ap,, en tant que minimum des valeurs
filtrées de I'accélération verticale du corps ;
dans la filtration a pondération numérique, utili-
ser une fonction :

a,,(n)=0-k)*a,, (n-1)+a,*k

out
14

ou n indique le n-éme échantillonnage et k est
un facteur de pondération.

20. Dispositif selon la revendication 16, caractérisé en

21.

ce que ledit dispositif est adapté a filtrer les valeurs
mesurées de I'accélération verticale avec pondéra-
tion numérique et, dans la filtration a pondération
numeérique, utiliser une fonction :

aout(n):(l_k)*aout(n_1)+ain *k

14

ou n indique le n-eme échantillonnage et k est un
facteur de pondération.

Dispositif selon I'une des revendications précéden-
tes 16 a 20, caractérisé en ce que ledit dispositif
est adapté a calculer la vitesse v sur la base des
valeurs d’accélération maximale caractéristique

amax de l'accélération verticale comme suit :
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22,

23.

24,

25.

26.

27.

34

ou g est l'accélération due a la pesanteur, f,; est
une fréquence de référence, et a,,,, est 'accéléra-
tion maximale caractéristique spécifique au cycle de
pas filtrée a une fréquence limite fy choisie.

Dispositif selon I'une des revendications précéden-
tes 16 a 20, caractérisé en ce que ledit dispositif
est adapté a calculer la vitesse v sur la base des
valeurs d’accélération minimale caractéristique a;,
de l'accélération verticale comme suit :

Vzk-|qm
Dispositif selon I'une des revendications précéden-
tes 16 a 22, caractérisé en ce que ledit dispositif
est adapté a:

dériver, pour les cycles de pas, un graphe d’ac-
célération a partir des valeurs mesurées de I'ac-
célération verticale du corps;

calculer un temps T, requis pour un cycle de
pas en tant qu'intervalle de temps entre des
points équivalents sur deux graphes d’accélé-
ration, ledit point équivalent étant une valeur
maximale dans le graphe d’accélération, une
valeur minimale dans le graphe d’accélération
ou un point ou la valeur dans le graphe d’accé-
|ération devient supérieure ou inférieure a une
certaine valeur.

Dispositif selon la revendication 23, caractérisé en
ce que ledit dispositif est adapté a calculer une lon-

gueur de pas Sy, a l'aide d'une formule :

s, =v*T

step step

Dispositif selon la revendication 23 ou 24, caracté-
risé en ce que ledit dispositif est adapté a calculer
une fréquence de pas fg,, a I'aide d'une formule :

=1/T

step

‘fslep

Dispositif selon la revendication 23, 24 ou 25, ca-
ractérisé en ce que ledit dispositif est adapté a
détecter un nombre n de poins équivalents sur le
graphe d’accélération ;

calculer un nombre de pas n sur la base du nombre
n de points équivalents détecté.

Dispositif selon I'une des revendications précéden-
tes 24 a 26, caractérisé en ce que ledit dispositif
est adapté a calculer une distance s parcourue par
le personne en mouvement en tant que somme des
longueurs de pas :
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n
s = Z S ep )
i=1

Dispositif selon I'une des revendications précéden-
tes 16 a 25, caractérisé en ce que ledit dispositif
est adapté a distinguer les modes de locomotion tel
que la marche, la course et le ski sur la base des
valeurs d’accélération maximale et minimale carac-
téristiques a4 et an;, et/ou de la fréquence de pas.

Dispositif selon la revendication 28, caractérisé en
ce que ledit dispositif est adapté a effectuer une ca-
libration individuelle pour chaque mode de locomo-
tion tel que la course, la marche, la marche nordique
ou le ski de fond.

Dispositif selon I'une des revendications précéden-
tes 16 a 29, caractérisé en ce que ledit dispositif
est adapté pour I'utilisation dans une navigation pas
a pas.

Dispositif selon la revendication 30, caractérisé en
ce que ledit dispositif est adapté a coopérer avec un
altimetre, des dispositifs de navigation par satellite
et/ou un magnétometre.

Dispositif selon la revendication 30 ou 31, caracté-
risé en ce que ledit dispositif est adapté a recevoir
et/ou utiliser des données d’'une base de données
cartographiques et/ou des données de pentes de
terrains.

Dispositif selon I'une des revendications précéden-
tes 16 a 32 adapté a étre positionné au milieu du
corps d’'une personne en mouvement.

Dispositif selon la revendication 31, caractérisé en
ce que ledit dispositif est compris dans un vétement,
dans une coiffure, au cou, dans une poche ou a la
ceinture de la personne en mouvement.

Systeme de mesure de la locomotion d’'une person-
ne en mouvement, caractérisé en ce que le syste-
me comprend un dispositif selon I'une des revendi-
cations précédentes 16 a 34 et une unité d’affichage
adaptée a coopérer avec le dispositif.

Systeme selon la revendication 35, caractérisé en
ce que ledit dispositif de mesure de la vitesse de la
personne en mouvement et ladite unité d’affichage
pour la personne en mouvement sont intégrés dans
un dispositif.
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3. Display Unit

Figure 1
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