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Description

FIELD AND BACKGROUND OF THE INVENTION

[0001] The present invention, in some embodiments
thereof, relates to motion detection, and more particular-
ly, but not exclusively, to a system useful for identifying
gait or fall related motion.
[0002] A public health issue of concern is the incidence
of falls, in which a person falls to the ground from an
upright position while standing or walking. The problem
of falls affects the elderly in general, and is of particular
concern for older persons and others who have a move-
ment disorder or other illness that affects balance and
motor control, such as Parkinson’s disease.
[0003] The effect of a fall on an elderly person can be
particularly serious since many elderly people have weak
or brittle bones, and are generally further weakened by
other illnesses and the effects of aging. In some cases
a fall causes the death of a person, either at the time of
the fall or indirectly as a result of the injuries sustained.
The type of injuries commonly experienced may include
one or more of: a broken or fractured hip and other bones,
head injuries, internal and external bleeding, and soft tis-
sue and skin damage. The patient will most likely suffer
a great deal of pain and may require hospitalization. In
addition, he or she may face the prospect of long term
or permanent loss of mobility, since their age and condi-
tion may mean that the injuries will take a long time to
heal or may never heal completely. The patient may be
plagued by fear of a recurrence, so that their mobility and
confidence is further compromised. Accordingly, even if
death is avoided, the injuries suffered from a fall can be
devastating to the person’s physical and mental well-be-
ing.
[0004] Various systems have been proposed to auto-
matically identify falls, so that an action can be triggered
to help alleviate the damage caused by the fall. For ex-
ample, upon detecting that a fall has occurred, a system
could notify a relative or doctor to check up on the patient.
Dinh et al. in "A Fall Detection and Near-Fall Data Col-
lection System" (Microsystems and Nanoelectronics Re-
search Conference (MNRC), October 2008) describe a
wearable device containing a 3-axis accelerometer, a 2-
axis gyroscope, and a heart beat detection circuit. Data
collected from the sensors is beamed wirelessly to a re-
ceiver connected to a computer. The researchers ob-
served that combining the accelerometer data with the
gyroscope data produced good results in identifying
whether a fall had occurred.
[0005] Bourke et al. in "Distinguishing Falls from Nor-
mal ADL using Vertical Velocity Profiles", (IEEE Confer-
ence on Engineering in Medicine and Biology, August
2007) observe that a single threshold applied to the ver-
tical velocity profile of the trunk may distinguish falls from
activities of daily living (ADL).
[0006] In another paper, Wu and Xue in "Portable Pre-
impact Fall Detector With Inertial Sensors" (IEEE Trans-

actions on Neural Systems and Rehabilitation Engineer-
ing, April 2008), describe a portable preimpact fall detec-
tor that detects a pending fall at its inception, so that an
inflatable hip protector can be triggered in time to break
the fall. The detector was equipped with an orientation
or inertial sensor that included triaxial accelerometers
and triaxial angular rate sensors, and used a detection
algorithm based on the inertial frame velocity profile of
the body. In particular, the inertial frame vertical velocity
magnitude was measured and compared to a threshold
value to identify a fall. The system was tested in a variety
of activities to determine the threshold level of inertial
frame vertical velocity magnitude.
[0007] Another prior art, Karantonis et al in "Implemen-
tation of Real-Time Human Movement Classifier using a
Triaxial Accelerometer for Ambulatory Monitoring" (IEEE
TRANSACTIONS ON INFORMATION TECHNOLOGY
IN BIOMEDICINE; Vol: 10, No. 1, 1. January 2006) dis-
closes an accelerometry-based, real-time movement
classifier using embedded intelligence for determining
and distinguishing falls and near falls.

SUMMARY OF THE INVENTION

[0008] The invention is defined by claims 1 and 12 and
relates to detection of gait irregularity and of near fall.
[0009] In an exemplary embodiment of the invention,
a near fall is characterized based on its vertical acceler-
ation profile, for example, the vertical acceleration being
above a threshold. Optionally, a comparison to a thresh-
old uses inexact methods, for example fuzzy logic. Op-
tionally or alternatively, the comparison is of a function
of acceleration to a function of the threshold. Optionally,
the threshold is dynamic, for example, as a function of
context of the gait and/or of recent movement parame-
ters.
[0010] In some exemplary embodiments of the inven-
tion, gait irregularity is characterized based on vertical
acceleration. Typically, corresponding to gait’s steps
movements, movement’s acceleration signal exhibits a
generally cyclic pattern with peaks. In some embodi-
ments, irregularity is determined when the periods of the
cycles (e.g. between peaks) vary above a threshold. In
some embodiments, the irregularity is determined when
the shape of the cycles vary above a threshold, where
the variability of the shape is determined, for example,
by variations in cross-correlation between the cycles. In
some embodiments, the irregularity is determined by a
frequency spread of the acceleration signal, such as ob-
tained with a Fourier transform.
[0011] Optionally, a comparison to a threshold uses
inexact methods, for example fuzzy logic. Optionally or
alternatively, the comparison is of a function of acceler-
ation to a function of the threshold. Optionally, the thresh-
old is dynamic, for example, as a function of context of
the gait and/or of recent movement parameters.
[0012] In some embodiments, a combination of two or
more of the methods, i.e. cycles time, cycles shape and
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frequency spread, is used to determine irregularity.
[0013] In some embodiments, the irregularity is
checked along a certain or determined time. Optionally,
the irregularity is checked within a moving window of a
certain or determined time.
[0014] Alternatively or additionally to evaluation of near
fall and/or gait irregularity by parameters or values de-
rived from the acceleration, in some exemplary embod-
iments of the invention determination of near fall and/or
gait irregularity is based on the waveform of the acceler-
ation (or other movement signals).
[0015] In some embodiments, the waveform of gait ac-
celeration over a certain period is evaluated against a
reference waveform or library of waveforms of gait ac-
celeration, and near fall and/or gait irregularity is deter-
mined or classified according to a degree of matching or
mismatching with the reference waveform(s).
[0016] In some embodiments, the waveform of a sub-
ject is matched against a reference waveform by meth-
ods of pattern matching such as correlation or cross-cor-
relation or wavelet matching or machine learning (e.g.
neural networks) or any combination of methods of the
art.
[0017] In some exemplary embodiments of the inven-
tion, a derivative of the accelerations is used to determine
near fall and/or gait irregularity. Optionally, other param-
eters such as angular velocity or tilt are used.
[0018] An aspect of some embodiments of the inven-
tion relates to gait regulation assistance. In some em-
bodiments, irregularity in gait is detected, such as de-
scribed above. Responsive to a determined gait irregu-
larity of a person, the person is prompted, such as by
audio message or tactile incitement, to adjust and/or sta-
bilize the gait (cuing signals).
[0019] An aspect of some embodiments of the inven-
tion relates to enhancing a Timed Up and Go (TUG) test
to assess the tendency of a person to fall (persons prone
to fall). In some embodiments, the enhancement is based
on the rate of change of position during sitting or rising
(jerks), such as a time derivative of the vertical acceler-
ation. In some embodiments, the tendency to falling is
assessed when the rate of change of the acceleration is
above a threshold. In some embodiments, the threshold
is based on the rate of change of acceleration of healthy
person or persons. Optionally or additionally, the thresh-
old is based on the physiological state of the person being
assessed, such as neurological disorder.
[0020] There is provided in accordance with an exem-
plary embodiment of the invention, a method of gait data
collection, the method comprising:

A method of gait data collection, the method com-
prising:

collecting movement data, and
determining from said data at least one irregu-
larity of the gait.

[0021] In some embodiments, an irregularity compris-
es a near fall.
[0022] In some embodiments, an irregularity compris-
es a fall.
[0023] In some embodiments, determining comprises
determining from said data a movement parameter that
includes a third order derivative of position, and counting
at least a near fall based on said movement parameter.
[0024] In some embodiments, determining comprises
matching the pattern with respect to time of the move-
ment data with a reference pattern.
[0025] In some embodiments, the reference pattern
represents proper gait pattern.
[0026] In some embodiments, the reference pattern
represents improper gait pattern.
[0027] In some embodiments, the reference pattern
represents a gait pattern exhibiting at least one near fall.
[0028] In some embodiments, the matching classified
the data as exhibiting fall, near fall or lack thereof.
[0029] In some embodiments, wherein the matching
comprises at least one of correlation, cross-correlation,
wavelets matching or neural networks or a combination
thereof.
[0030] In an exemplary embodiment of the invention,
the method comprises comparing said movement pa-
rameter with a threshold value to identify a near fall.
[0031] In an exemplary embodiment of the invention,
said movement parameter comprises a difference be-
tween a maximum acceleration derivative and a mini-
mum acceleration derivative. Optionally, said movement
parameter relates to movement in substantially a vertical
direction.
[0032] In an exemplary embodiment of the invention,

determining from said data further includes deter-
mining a second movement parameter,
comparing said movement parameter further in-
cludes comparing said second movement parameter
with a second threshold value, and
counting at least a near fall comprises counting at
least a near fall if said movement parameter exceeds
said threshold value and said second movement pa-
rameter exceeds said second threshold value.

[0033] In an exemplary embodiment of the invention,
said second movement parameter includes a second or-
der derivative of position. Optionally or alternatively, said
movement parameter and said second movement pa-
rameter relate to movement in substantially a vertical di-
rection.
[0034] In an exemplary embodiment of the invention,
said threshold value is a predetermined value.
[0035] In an exemplary embodiment of the invention,
said threshold value is a continuously updated function
of said movement parameter. Optionally, said function is
a mean of said movement parameter plus a multiple of
a standard deviation of said movement parameter.
[0036] In an exemplary embodiment of the invention,
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determining a movement parameter comprises collecting
acceleration data and taking a derivative of said accel-
eration data with respect to time.
[0037] In an exemplary embodiment of the invention,
determining a movement parameter comprises collecting
velocity data and taking a second order derivative of said
velocity data with respect to time.
[0038] In an exemplary embodiment of the invention,
determining a movement parameter comprises collecting
position data and taking a third order derivative of said
position data with respect to time.
[0039] In an exemplary embodiment of the invention,
said count of at least a near fall provides a quantitative
measure of effectiveness of therapeutic interventions.
[0040] There is provided in accordance with an exem-
plary embodiment of the invention, a method of gait data
collection, the method comprising:

collecting movement data,
determining from said data a plurality of movement
parameters, each of said movement parameters in-
cluding at least one of a second order derivative of
position and a third order derivative of position,
comparing each of said movement parameters with
an associated threshold value, and
counting at least a near fall if a predetermined com-
bination of movement parameters from said plurality
of movement parameters exceeds their associated
threshold value.

[0041] There is provided in accordance with an exem-
plary embodiment of the invention, a method of gait data
collection, the method comprising:

collecting movement data,
extracting from said movement data an indicator in-
dicating a loss of control,
counting at least a near fall if said indicator indicates
said loss of control.

[0042] There is provided in accordance with an exem-
plary embodiment of the invention, a device to detect
falling body movement, the device comprising:

a sensor operatively connected to said body and re-
sponsive to movement of said body, and
a processor to receive movement data from said sen-
sor and to process said movement data to identify
events that are at least near falls.

[0043] In an exemplary embodiment of the invention,
said processor is configured to log a record of events that
are at least near falls. Optionally or alternatively, said
sensor is responsive to movement of said body in sub-
stantially a vertical direction. Optionally or alternatively,
said sensor is responsive to acceleration of said body.
[0044] In an exemplary embodiment of the invention,
the device includes a user interface to communicate with

a user of said device.
[0045] In an exemplary embodiment of the invention,
said sensor and said processor are enclosed in a hous-
ing.
[0046] In an exemplary embodiment of the invention,
said processor is located remote from said sensor.
[0047] In an exemplary embodiment of the invention,
the device includes a radio transmitter operatively con-
nected to said sensor and a radio receiver operatively
connected to said processor,
wherein said transmitter and said receiver are configured
to enable said processor to receive movement data from
said sensor in real time.
[0048] There is provided in accordance with an exem-
plary embodiment of the invention a method for assisting
a person’s gait, comprising:

(a) detecting, based on time derivation of gait move-
ments, irregularity in the gait; and
(b) providing gait regulating cueing signals.

[0049] There is provided in accordance with an exem-
plary embodiment of the invention an apparatus for as-
sisting a person’s gait, comprising:

(a) a sensor operatively connected to the person and
responsive to movement of said person;
(b) a processor adapted to receive movement data
from said sensor and to process said movement data
to detect irregularity in the movement; and
(c) at least one device operable to provide cuing sig-
nals responsive to detected irregularity.

[0050] In some embodiments, the signals are at least
one of audible, tactile or visual.
[0051] There is provided in accordance with an exem-
plary embodiment of the invention a method for augment-
ing a Timed Up and Go test, comprising:

(a) determining rate of change of acceleration of
movement about at least one of seating or rising; and
(b) screening, based on the rate of change of the
acceleration, a tendency to fall.

[0052] In some embodiments, the screening is deter-
mined of a rate larger than that of a healthy person.
[0053] In some embodiments, the screening is deter-
mined when the rate of the acceleration of a sitting move-
ment is about 1 g/sec
[0054] In some embodiments, the screening is deter-
mined when the rate of the acceleration of a rising move-
ment is about 2 g/sec
[0055] Unless otherwise defined, all technical and/or
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art
to which the invention pertains. Although methods and
materials similar or equivalent to those described herein
can be used in the practice or testing of embodiments of
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the invention, exemplary methods and/or materials are
described below. In case of conflict, the patent specifi-
cation, including definitions, will control. In addition, the
materials, methods, and examples are illustrative only
and are not intended to be necessarily limiting.
[0056] Implementation of the method and/or system of
embodiments of the invention can involve performing or
completing selected tasks manually, automatically, or a
combination thereof. Moreover, according to actual in-
strumentation and equipment of embodiments of the
method and/or system of the invention, several selected
tasks could be implemented by hardware, by software or
by firmware or by a combination thereof using an oper-
ating system.
[0057] For example, hardware for performing selected
tasks according to embodiments of the invention could
be implemented as a chip or a circuit. As software, se-
lected tasks according to embodiments of the invention
could be implemented as a plurality of software instruc-
tions being executed by a computer using any suitable
operating system. In an exemplary embodiment of the
invention, one or more tasks according to exemplary em-
bodiments of method and/or system as described herein
are performed by a data processor, such as a computing
platform for executing a plurality of instructions. Option-
ally, the data processor includes a volatile memory for
storing instructions and/or data and/or a non-volatile stor-
age, for example, a magnetic hard-disk and/or removable
media, for storing instructions and/or data. Optionally, a
network connection is provided as well. A display and/or
a user input device such as a keyboard or mouse are
optionally provided as well.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058] Some embodiments of the invention are herein
described, by way of example only, with reference to the
accompanying drawings. With specific reference now to
the drawings in detail, it is stressed that the particulars
shown are by way of example and for purposes of illus-
trative discussion of embodiments of the invention. In this
regard, the description taken with the drawings makes
apparent to those skilled in the art how embodiments of
the invention may be practiced.
[0059] In the drawings:

FIGs. 1A, 1B, and 1C are schematic views of a per-
son walking, having a near fall, and recovering to
resume walking, respectively, while wearing an au-
tomated near-fall detector, in accordance with an
embodiment of the invention;
FIGs. 2A, 2B, and 2C are schematic views of the
automated near-fall detector of FIG. 1, in accordance
with several embodiments of the invention;
FIGs. 3A and 3B are flow charts describing a method
of gait data collection, in accordance with an embod-
iment of the invention;
FIG. 4 shows graphs of derived parameters Vertical

Maximum Acceleration and Vertical Maximum Peak
to Peak Derivative, in accordance with an embodi-
ment of the invention;
FIG. 5 shows exemplary charts of stride acceleration
and frequency spread of a healthy person and a per-
son with Parkinson disease, respectively; and
FIG. 6 shows exemplary charts of Timed Up and Go
(TUG) of healthy person and a person prone to fall-
ing, respectively.

DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE 
INVENTION

[0060] The present invention, in some embodiments
thereof, relates to motion detection, and more particular-
ly, but not exclusively, to a system useful for identifying
gait or fall related motion.
[0061] Before explaining at least one embodiment of
the invention in detail, it is to be understood that the in-
vention is not necessarily limited in its application to the
details of construction and the arrangement of the com-
ponents and/or methods set forth in the following descrip-
tion and/or illustrated in the drawings and/or the Exam-
ples. The invention is capable of other embodiments or
of being practiced or carried out in various ways.
[0062] In an exemplary embodiment of the invention,
a near fall is characterized based on its vertical acceler-
ation profile, for example, the rate of change of vertical
acceleration being above a threshold. Optionally, a com-
parison to a threshold uses inexact methods, for example
fuzzy logic. Optionally or alternatively, the comparison is
of a function of acceleration to a function of the threshold.
Optionally, the threshold is dynamic, for example, as a
function of context of the gait and/or of recent movement
parameters.
[0063] In some exemplary embodiments of the inven-
tion, gait irregularity is characterized based on vertical
acceleration. Typically, corresponding to gait’s steps
movements, movement’s acceleration signal exhibits a
generally cyclic pattern with peaks. In some embodi-
ments, irregularity is determined when the periods of the
cycles (e.g. between peaks) vary above a threshold. In
some embodiments, the irregularity is determined when
the shape of the cycles vary above a threshold, where
the variability of the shape is determined, for example,
by variations in cross-correlation between the cycles. In
some embodiments, the irregularity is determined by a
frequency spread of the acceleration signal, such as ob-
tained with a Fourier transform.
[0064] Optionally, a comparison to a threshold uses
inexact methods, for example fuzzy logic. Optionally or
alternatively, the comparison is of a function of acceler-
ation to a function of the threshold. Optionally, the thresh-
old is dynamic, for example, as a function of context of
the gait and/or of recent movement parameters.
[0065] In some embodiments, a combination of two or
more of the methods, i.e. cycles time, cycles shape and
frequency spread, is used to determine irregularity.
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[0066] In some embodiments, the irregularity is
checked along a certain or determined time. Optionally,
the irregularity is checked within a moving window of a
certain or determined time.
[0067] Alternatively or additionally to evaluation of near
fall and/or gait irregularity by parameters or values relat-
ed to the size of the acceleration or other movement sig-
nal (i.e., above or below a threshold), in some exemplary
embodiments of the invention determination of near fall
and/or gait irregularity is based on the waveform of the
acceleration (or movement signal).
[0068] In some embodiments, the waveform of gait ac-
celeration over a certain period is evaluated against a
reference waveform(s) of gait acceleration, and near fall
and/or gait irregularity is determined or classified accord-
ing to a degree of matching or mismatching with the ref-
erence waveform. In some embodiments, the classifica-
tion comprises a fall or near fall event or the lack thereof.
[0069] In some embodiments, the waveform of accel-
eration of the gait of a subject is matched against a ref-
erence waveform by methods of pattern matching such
as correlation or cross-correlation or wavelet matching
or machine learning (e.g. neural networks) or any com-
bination of methods of the art. Optionally the determina-
tion or classification of gait irregularity and/or near fall by
matching methods is augments by other methods such
as fuzzy logic.
[0070] When a subject’s waveform sufficiently devi-
ates from a reference signal representing a proper gait,
the subject is determined to exhibit irregular gait. Option-
ally, by features matching between the waveforms a near
fall is determined if characteristic features are different
between the waveforms.
[0071] When a subject’s waveform sufficiently match-
es a reference signal representing an improper gait, the
subject is determined to exhibit irregular gait. Optionally,
when the subject’s waveform sufficiently matches a
waveform with near fall events, the subject is determined
to exhibit near fall behavior. Optionally, by features
matching between the waveforms a near fall is deter-
mined if characteristic features are similar between the
waveforms.
[0072] For example, the acceleration waveform of a
subject is matched against a waveform representing a
healthy gait, and if the waveforms deviated above a
threshold the subject’s gait is determined to be irregular.
Optionally, features of the waveforms are matched and
based on dissimilarities such as missing or different fea-
tures between the waveforms, the subject’s gait is deter-
mined to exhibit near fall behavior.
[0073] As another example, the acceleration waveform
of a subject is matched against a waveform representing
a person having improper gait. If, based on a threshold
or other measures, the waveforms are sufficiently close
and/or exhibit similar features the subject’s gait is deter-
mined to be irregular or having near fall characteristics.
Optionally, features of the waveforms are matched and
according to some measures, such as missing or differ-

ent features between the waveforms, the subject’s gait
is determined to exhibit near fall behavior.
[0074] In some embodiments, a ’ healthy’ or ’proper’
reference waveform is based on the gait of healthy per-
sons, optionally of about the age of the subject being
evaluated. For example, acceleration waveforms of
healthy persons are collected and combined, such as by
scaling and averaging or by any other methods, to pro-
vide a representative waveform of proper or regular gait.
Optionally, the representative waveform is based, at least
partially, on the gait acceleration of other neurologically
diseased while they exhibit regular gait. Optionally, the
representative waveform is based, at least partially, on
synthetic waveform computed to represent a proper gait.
[0075] In some embodiments, an ’ill’ or ’improper’ ref-
erence waveform is based on the gait of neurologically
diseased persons, optionally of about the age and/or dis-
order of the subject being evaluated. For example, ac-
celeration waveforms of persons exhibiting irregular or
disordered or near fall behavior are collected and com-
bined, such as by scaling and averaging or by any other
methods, to provide a representative waveform of im-
proper gait. Optionally, the representative waveform is
based, at least partially, on the gait acceleration of other
neurologically diseased while they exhibit irregular gait.
Optionally, the representative waveform is based, at least
partially, on synthetic waveform computed to represent
an improper gait.
[0076] In some embodiments, in order to improve or
refine the evaluation of a subject’s waveform, the wave-
form is matched against a plurality of reference wave-
forms, either proper and/or improper waveforms. For ex-
ample, the subject’s waveform is matched against both
proper and improper references and the irregularity or
near fall characteristics are determined by a combination
of the matching results.
[0077] In some embodiments, the representative
waveforms are updated from time to time to form a library
or repository of reference waveforms.
[0078] In some exemplary embodiments of the inven-
tion a derivative of the accelerations are used to deter-
mine near fall and/or gait irregularity. Optionally, other
parameters such as angular velocity or tilt are used such
as to refine the determination of fall and/or gait irregular-
ity.
[0079] In some embodiments, the presence or ab-
sence of a near fall or other gait irregularity is made by
combining methods based on pattern recognition of the
waveforms with those that are based on threshholding
of the acceleration jerk or other derived movement pa-
rameters.
[0080] In some embodiments, irregularity in gait is de-
tected, such as described above. Responsive to a deter-
mined gait irregularity of a person, the person is prompt-
ed, such as by audio message or tactile incitement, to
adjust and/or stabilize the gait (cuing signals).
[0081] In some embodiments, a Timed Up and Go
(TUG) test to assess the tendency of a person to fall
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(persons prone to fall) is enhanced. In some embodi-
ments, the enhancement is based on the rate of change
of position during sitting or rising (jerks), such as a time
derivative of the vertical acceleration. In some embodi-
ments, the tendency to falling is assessed when the rate
of change of the acceleration is above a threshold. In
some embodiments, the threshold is based on the rate
of change of acceleration of healthy person or persons.
Optionally or additionally, the threshold is based on the
physiological state of the person being assessed, such
as neurological disorder.

1. Overview

[0082] Figures 1A, 1B, and 1C show a near fall detector
device 20, according to an embodiment of the invention,
in a typical application being used by a walking person
22. Person 22 may be a man or woman of any age and
of any physical condition. In this example near fall detec-
tor 20 is a device attached to a belt 24 worn by person
22. As will be discussed in greater detail below, near fall
detector 20 optionally uses signal processing methods
to monitor the quality of a walking person’s gait or am-
bulatory movement, and responds or records in some
fashion in the event that the person’s walk is interrupted
by a near fall or a real fall. Optionally, detector 20 is also
capable of detecting a fall or near fall that may be expe-
rienced by a person that is standing or sitting.
[0083] In FIG. 1A person 22 is shown walking in a nor-
mal fashion. At some later point in time, as shown in FIG.
1B, person 22 experiences a near fall. The near fall, also
called a stumble or misstep, is a momentary loss of bal-
ance by the person from which the person recovers. By
contrast, in a real or actual fall (or just "fall") the person
does not recover and continues to fall until he or she
comes to rest on the ground, floor, or other lower level.
FIG. 1B illustrates some characteristics of an example
of a near fall. As may be seen, the person’s legs have
slipped so they are no longer directly underneath, and
accordingly the person’s center of gravity 26 has moved
off center so that the person experiences a sensation of
loss of balance. As most people may relate, the person’s
arms thrust out to compensate in an effort to recover
balance and avoid falling. In this example person 22 is
successful at avoiding the fall, and is shown in FIG. 1C
at a later point in time resuming his or her walk. Near fall
detector 20 however has detected the incident shown in
FIG. 1B. This is indicated, by way of example, in the en-
larged representation of the detector in inset 28 in FIG.
1C, which shows detector 20 displaying the words "Near
Fall". In other examples, detector 20 might log a record
of the incident and not display anything, or detector 20
might query the user to confirm the near fall.
[0084] The near fall illustrated in FIG. 1B could occur
in any direction, have a degree of magnitude or force
behind it, and be due to any cause. For example, the
near fall could be in a forward direction (as shown in the
figure), as might occur due to tripping. Other types of

near falls include, for example, a backward near fall
caused by a slippery floor, or a sideways near fall caused
by a misstep. The person might also have a near fall
directed straight down, for example due to fainting. Near
falls may be caused by external circumstances, such as
an unexpected obstacle or slippery surface, or by circum-
stances internal to the person, such as by fainting, gen-
eral weakness, or a movement disorder. In many cases
the near fall is caused by a combination of the two. For
example, an obstacle may be encountered that a healthy
person would easily avoid, but that precipitates a near
fall in an older person with poor eyesight and a slow re-
action time. In an exemplary embodiment of the inven-
tion, near fall detection is practiced in clinical/diagnostic
settings, where a patient is given a task, such as an ob-
stacle course, and his performance thereon monitored.
[0085] In addition to detecting the incident of a near
fall, near fall detector 20, in some embodiments of the
invention, may also detect the magnitude and/or direction
of the near fall. Further, as will be discussed in greater
detail below, near fall detector 20 in some embodiments
of the invention performs gait data collection and/or in-
cludes an algorithm configured to detect the occurrence
of actual falls as well as near falls.
[0086] The inventors have realized that many people
who have experienced actual falls, or that are prone to
falling, may in fact only fall a relatively small number of
times. This does not detract from the seriousness of the
problem, since all it takes is one bad fall to seriously injure
a person. However, it does suggest that for such people
it can be difficult to collect meaningful data to prevent
future falls, especially if their memory is faulty and/or if
interrogation occurs at a time after such an event. The
inventors have further observed that people at risk of
falling often have multiple near falls for every actual fall
that they experience, and also prior to their falling for the
first time. In an exemplary embodiment of the invention,
the detection of near falls provides insight into a person’s
condition that may assist in the diagnosis and prevention
of subsequent real falls by that person.
[0087] As discussed in greater detail below, near fall
data can provide quantifiable parameters whose value
can be used to better assess the person at risk. Addition-
ally, when combined with data on a person’s actual falls
(which as noted can also be obtained from detector 20
of some embodiments of the present invention), a diag-
nostician can obtain a ratio (or other relationship) of ac-
tual falls to near falls and acquire a more complete picture
of the person’s condition. Through a review of the pattern
of near fall frequency and optionally other parameters
such as magnitude and direction of the near falls that
might precede a full fall, near fall detector 20, in an em-
bodiment of the invention, may be useful to alert a person
and/or the person’s physician that the person is at risk
of falling. The person may then respond by wearing pro-
tective padding r other safety equipment, for example, or
by taking other suitable precautions that prevent a fall
from happening that would otherwise have occurred.
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Near fall data may also provide a quantitative measure-
that can be used to evaluate the effectiveness of thera-
peutic interventions.
[0088] Near fall detector 20 of the present invention,
in some embodiments, can be configured to automati-
cally record and/or report the number of instances of near
falls, as well as details of each near fall such as one or
more of the date and time at which it occurred, its mag-
nitude, direction, its location and/or movements before
or after the fall (e.g., indicating stair climbing, fast walking
or other gait, task and/or physiological characteristics).
This feature of automatic self-reporting represents an im-
provement in accuracy over self-reporting of near fall in-
stances by the person. Self-reporting can be highly un-
reliable because it is subjective in nature, relying on the
patient’s memory and motivation, and/or lacks sensitivity,
in that a patient might not recognize that an experience
was in fact a near fall (particularly if its magnitude was
low). Self-reporting also usually requires a long observa-
tion period, such as six months or a year. Optionally, the
systems described herein, while usable for long periods,
can be used for short periods, such as 1-10 hours, 1-10
days or 1-10 weeks, or intermediate periods.
[0089] As will be discussed in greater detail below,
near fall and actual fall detection in some embodiments
of the invention is measured based on acceleration of
person 22. Some embodiments are based on the inven-
tive realization that whereas regular walking is a control-
led form of movement that involves a consistent level of
acceleration, when there is a fall there is a loss of control
resulting in a much higher level of acceleration. Move-
ment data obtained for near falls and other parameters
can be used to construct a "gait acceleration profile" that
is particularly configured to the movement or gait char-
acteristics of the person. It is hypothesized, without being
limited to any particular hypothesis, that one or more pa-
rameters of the person’s gait acceleration profile consti-
tute a useful measure or indicator of loss of control by
person 22. Alternatively, one or more parameters of the
gait acceleration profile may be viewed as an indicator
of over-control by person 22, since in recovering from a
near fall and avoiding a real fall, person 22 has made a
successful attempt to regain control.
[0090] In some embodiments of the invention, detector
20 counts both near falls and actual falls. Data relating
to both experiences comprise the gait acceleration profile
of the person. The two types of events may be lumped
together, or alternatively, upon further analysis of the da-
ta, instances of near falls may be separated from instanc-
es of actual falls. Optionally, falls are detected based on
the sudden deceleration at the end of a fall, or based on
the time of the fall and/or a time integral of velocity or
acceleration which indicates vertical distance moved of
the sensors.
[0091] In some exemplary embodiments of the inven-
tion, detector 20 is configured to detect gait irregularity.
Optionally, detector 20 is configured to detect gait irreg-
ularity in addition to near fall detection. Optionally or al-

ternatively, detector 20, or a variation thereof, is config-
ured to detect gait irregularity irrespective or instead of
near fall.
[0092] In some embodiments, gait irregularity detec-
tion is based on vertical acceleration. Typically, corre-
sponding to gait’s steps, the acceleration signal exhibits
a generally cyclic pattern with characteristic peaks. In
some embodiments, irregularity is determined when the
periods of the cycles (e.g. between peaks) vary above a
threshold. Optionally or additionally, the irregularity is de-
termined when the shape of the cycles vary above a
threshold, where the variability of the shape is deter-
mined, for example, by cross-correlation. Optionally or
additionally, the irregularity is determined by a frequency
spread of the acceleration signal, obtained for example,
with a Fourier transform.
[0093] In some embodiments, detector 20 is config-
ured to assist in regulating a person’s gait. Responsive
to a detected gait irregularity of a person, the person is
prompted by cuing signals, such as audio message or
vibration, to adjust and/or stabilize the gait.
[0094] In some embodiments, detector 20 is config-
ured to enhance a Timed Up and Go (TUG) test to assess
the tendency of a person to fall. In some embodiments,
the enhancement is based on time derivative of the ver-
tical acceleration. In some embodiments, a tendency to
falling is detected when the rate of change of the accel-
eration is above a threshold. In some embodiments, the
threshold is based on the rate of change of acceleration
of healthy person or persons. Optionally or additionally,
the threshold is based on the physiological state of the
person being assessed, such as neurological disorder.

2. Exemplary Structure

[0095] Figures 2A, 2B, and 2C shows the component
elements of three exemplary embodiments of near fall
detector 20.
[0096] The embodiment of FIG. 2A is a self-contained
device, in which all of the elements are contained in a
common housing or casing 30. As discussed in greater
detail below, this embodiment includes features that pro-
vide real-time feedback to the user. Accordingly, this em-
bodiment could be used as near fall detector 20 in the
example of FIG. 1.
[0097] As shown in FIG. 2A, near fall detector 20 in-
cludes a sensor 32. This component may be any sensor
configured to measure an aspect of movement such as
a change of acceleration, velocity, or position. An accel-
erometer, which is a type of sensor that measures accel-
eration directly relative to freefall, may be used for sensor
32 in some embodiments. Accelerometers are conven-
ient to use because they are widely available and inex-
pensive relative to specialized acceleration measuring
devices. In addition, as will be discussed in greater detail
below, measuring acceleration directly provides the ben-
efit of reducing the processing burden on the device, as
compared with a sensor that measures position or veloc-
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ity. The tolerance or sensitivity of sensor 32 should be
about 800 mV/g or better. The sampling frequency of
sensor 32 may be about 100 Hz, and optionally is not
less than about 60 Hz in order to obtain adequate results.
A sampling rate that is too low may adversely affect sens-
ing quality.
[0098] A parameter of sensor 32 is the number of axes
in space in which the sensor takes its measurements.
Tri-axial sensors 32 are configured to measure in all three
orthogonal orientations in space, specifically the vertical,
medio-lateral, and anterior-posterior directions. A single
axis sensor may measure along one axis only, such as
in the vertical direction, and a bi-axial sensor measures
in two directions. Sensor 32 of the present invention may
be a tri-axial sensor in all embodiments, but may also be
a bi-axial or single axis sensor in some embodiments, as
long as one of the axes of measurement is the vertical
axis. In some cases a bi-axial or single axis sensor may
be less expensive than a tri-axial sensor. However, the
use of tri-axial sensors may enhance detection accuracy
and reliability, and may also provide the monitoring phy-
sician with additional information about the direction and
nature of any near falls. An example of an accelerometer
that may be used for sensor 32 is the Dynaport, manu-
factured by the McRoberts company of the Netherlands.
If a single axis accelerometer is used, detector 20 op-
tionally includes an indicator (e.g., an arrow) to show
which part of detector should be aimed in a certain direc-
tion (e.g., up).
[0099] In this embodiment sensor 32 transmits the
measured movement data to a processor 34. As shown,
the transmission is made through a sensor output port
31 on sensor 32, which connects directly to a processor
input port 33 of processor 34.
[0100] Processor 34 may be a numeric processor,
computer, or related electronic component such as an
application specific integrated circuit (ASIC), electronic
circuit, micro-controller, or microprocessor capable of
processing the raw movement data measured by sensor
32. Optionally, the speed of processing, such as a speed
of a computation cycle of measurement or measure-
ments of sensor 32, is at least that of the sampling fre-
quency of sensor 32. In some embodiments processor
34 records acceleration values and calculates deriva-
tives or other parameters of acceleration. Processor 34
further includes and/or is coupled with software (not
shown) that directs operation of the processor. Internal
memory (not shown) may optionally be included in and/or
is coupled with processor 34 to store logged and derived
acceleration values, and/or other numerical values cal-
culated by the software. Alternatively or additionally,
processor 34 may connect with a separate memory mod-
ule 36 to store these values. In some embodiments, proc-
essor 34 is further configured to control some or all as-
pects of a user interface 38 and/or a radio transmitter or
receiver or combined transmitter/receiver ("transceiver")
40. Connection with these elements may be made in
some embodiments through a processor output port 42

and a user interface input port 43.
[0101] Processor 34 may also connect with an external
device such as a computer through an optional external
interface port 44. This connection may enable processor
34 to transfer data to the external computer and/or to
receive a software program, software updates, or other
inputs, for example, by a physical connection (e.g. wired)
and/or wirelessly such as using a Bluetooth or a Wifi or
cellular connection. In some embodiments, external port
44 may be a USB port or other industry standard con-
nection. For additional flexibility, external port 44 may
comprise two or more such ports rather than just one.
[0102] After person 22 has used the device for a given
period of time, a record of the person’s near fall and other
gait related data is optionally stored in the device (op-
tionally as it occurs). This processed data may be pro-
vided to the person’s doctor by connecting device 20
through port 44 into a corresponding port, such as a USB
port, of a computer. The data may then be transferred
between devices in the manner well known in the art. In
practice, person 22 may hand device 20 to the doctor or
doctor’s staff when visiting the doctor for an appointment,
and the information may then be transferred to the doc-
tor’s computer directly. Alternatively, person 22 might
transfer the information to his or her own computer and
then email it to the doctor. Alternatively, the information
might be sent wirelessly directly or indirectly from device
20 to the doctor’s computer or another location, for ex-
ample, by email. Another embodiment includes real-time
transfer of the data as it is processed for online monitor-
ing. In some embodiments, the memory is or comprises
a removable card such as an SD card. Data on the card
can be read by a card reader, and the data is optionally
transferred to a computer and/or for archiving such as
on hard disk or CD or DVD.
[0103] User interface 38 is an element of near fall de-
tector 20 configured, in some embodiments, to provide
information to the user or person 22 and/or to receive
information from the user. The information may be in any
convenient format such as visual, audio, and/or touch,
and may be configured to meet the particular needs of
the user. For example, in some embodiments user inter-
face 38 may emphasize audio-based elements rather
than visual elements, to better meet the needs of elderly
users whose sight is weak.
[0104] User interface 38 may optionally include infor-
mation output elements such as a visual display screen
46 capable of displaying alphanumeric and/or graphical
messages, a speaker 48, and/or alarm lights 50. Optional
user input elements include a touchscreen 52, micro-
phone 54, keypad, and touchpad (not shown). In some
embodiments, user interface 38 may include a camera
and/or a video recorder.
[0105] In some embodiments, visual display screen 46
may also include the functionality of touchscreen 52, and
accordingly comprise a means for both displaying infor-
mation to the user and receiving information from the
user. Visual display screens 46 based on liquid crystal
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technology (LCD) may be used due to their readability
and low power requirements, but other types of display
and/or touchscreen technologies may also be used.
[0106] As noted, near fall detector 20 optionally in-
cludes wireless transceiver 40. In a handheld device,
transceiver 40 in some embodiments will operate at rel-
atively high frequencies such as from about 100 MHz to
2 GHz, this may allow a device to be made smaller. Trans-
ceiver 40 optionally connects to processor 34 through
processor output port 42, and may include a transponder
(not shown), antenna 41, and other radio frequency com-
ponents required to maintain wireless communication. In
some embodiments transceiver 40 may comprise a radio
and antenna such as that used in a cellular telephone or,
in other embodiments, components of the type used in
a computer standard Bluetooth interface.
[0107] In order to power the elements of near fall de-
tector 20, an energy source such as a battery 56 may be
used. In some embodiments battery 56 is a light weight
battery that provides power for an extended number of
hours, or even several days or weeks. In this way, near
fall detector may be used for the greater part of a day,
and enable a meaningful amount of data to be gathered.
In some embodiments battery 56 is a lithium ion battery,
but other battery types, for example, rechargeable or
one-time may be used as well.
[0108] The various optional elements of user interface
38, along with transceiver 40, may be combined to pro-
vide a range of responses that assist person 22 in the
event of a near fall or a fall. For example, upon detecting
a near fall or fall, speaker 48 could emit an audible beep
and then deliver a message in the form of a human voice
asking if the person is ok, and requesting person 22 to
press a button on the device or screen for confirmation.
Alternatively, the message could be a visual one on dis-
play screen 46. If the user signals that he or she is ok no
further action need be taken. If the user suggests other-
wise or does not respond within a predetermined time,
near fall detector 20 may be programmed to automati-
cally send an email, page, or text message to a family
member or doctor to alert them that person 22 fell or has
almost fallen and needs assistance. An optional geo-
graphical position system (gps) in near fall detector 20
may automatically inform the doctor of the location of the
person. In some embodiments, the device could auto-
matically dial the doctor’s phone number to enable direct
voice communication.
[0109] In some embodiments, near fall detector 20
could be programmed to engage person 22 in a dialogue,
to obtain more precise information. Person 22 could re-
spond in a variety of ways, such as by keyboard, touch-
screen, or by speaking into microphone 54. Sample
questions from such a dialogue may be, for example, "did
you fall?", "are you ok?", "where are you?", "do you need
help?", and "would you like to call your doctor/spouse?".
The device might also be used to record a voice or video
message by person 22 and forward the message to the
assisting party.

[0110] Housing or casing 30 is optionally sized and/or
shaped sufficiently large to enclose the various compo-
nents. Internal elements such as sensor 32 and proces-
sor 34 are optionally shielded from the elements, and/or
user interface elements such as a keyboard, visual dis-
play screen 46, if present, are optionally easy to access.
Housing 30 is optionally made of a rigid and durable plas-
tic, but other materials that are light and strong, such as
aluminum, may also be used. Optionally, housing 30 in-
cludes a clip (not shown) for convenient attachment to
belt 24 or other article of clothing. If sensor 32 requires
a particular orientation when the device is mounted on
belt 24 in order to operate effectively, visual or audio feed-
back may be provided by the appropriate elements of
user interface 38 to assist person 22.
[0111] Near fall detector 20 in some embodiments of
the invention may comprise a dedicated device having
as its only or primary function the detection of near falls
and actual falls. In some embodiments, near fall detector
20 may be incorporated into other types of electronic de-
vices used primarily for other purposes unrelated to fall
detection. Examples of such devices include cellphones,
pagers, portable media players, mobile Internet devices,
and the like. This configuration may be more convenient
for the user as it reduces the number of devices to be
carried, and may also reduce the risk that the user will
forget to take near fall detector 20.
[0112] In some of these embodiments all or most of
the hardware elements may already be available as part
of the function of the device. For example, some cell-
phones known as "smartphones" and even some "regu-
lar" cellular telephones and PDAs include relatively pow-
erful computer processors, accelerometers, visual dis-
play screens and speakers, wireless telephone and data
communication hardware, and the like. Accordingly,
some smartphones may only require the addition of spe-
cialized software to become configured as near fall de-
tector 20, according to some embodiments of the inven-
tion. In some instances the smartphones may need other
modification such as the addition of memory module 36
and/or adding of a sensors, optionally with wired or wire-
less linking to the smartphone.
[0113] In some embodiments of the invention, near fall
detector 20 may be incorporated into a medical device
implanted in (or carried by) the user’s body for medical
purposes, such as a brain pacemaker for example. Other
examples of such implanted devices include heart pace-
makers, prosthetic hips, and implanted pumps for chronic
pain. Similar to smartphones, some of these devices may
already include a processor or accelerometer and ac-
cordingly may only require software to function as near
fall detector 20, according to some embodiments of the
invention.
[0114] Turning now to FIG. 2B, in this embodiment
processor 34 is separated from the portable part of device
20 contained in housing 30 and placed at a remote loca-
tion. In an exemplary embodiment of the invention, re-
mote processor 34 receives movement data from sensor
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32 in real time (e.g. sufficiently fast to detect a near fall)
through transceiver 40, and communicates with and con-
trols user interface 38 through wireless communication.
Remote processor 34 otherwise functions similarly to in-
tegrated processor 34 of the embodiment of FIG. 2A, in
that it processes and monitors near falls and communi-
cates with person 22 and doctors or other assisting par-
ties. Since this embodiment performs data analysis in
real time, it could be used as near fall detector 20 in the
example of FIG. 1.
[0115] In this embodiment, a local processor 35 may
be included in housing 30, for example, primarily to man-
age operation of the portable device 20. Local processor
35 may accordingly be relatively less powerful than re-
mote processor 34 (e.g. lower requires less power). In
some embodiments local processor 35 may perform a
portion of the data processing to ease the burden on re-
mote processor 34 and/or reduce transmission volume
e.g. to reduce power and/or required bandwidth. In this
embodiment processor 34 may be stationary and placed
at a fixed location within the range of transmission of
mobile device 20. Additionally, memory module 36 may
also be remotely located and connected to processor 34.
Processor 34 in this embodiment is conveniently a gen-
eral purpose computer such as a personal computer rath-
er than an electronic component such as an ASIC or mi-
croprocessor, and memory module 36 may be the hard
disk drive of computer 34.
[0116] The distance at which mobile device 20 may
travel from stationary remote processor 34 will vary de-
pending on the type of wireless technology used by trans-
ceiver 40 and the power available in battery 56. In some
embodiments the wireless technology may be Bluetooth,
which has a range of several meters. In some embodi-
ments cellular telephone technology may be used, which
has a much larger range, potentially in the kilometers.
However, as the distance increases the potential for dis-
ruption in communication that would adversely affect real
time feedback increases. Accordingly, this embodiment
may be particularly suitable in a closed environment in
which a multiple number of persons need to be moni-
tored, such as a nursing home or a hospital. The aspect
of multiple patients each having a mobile device 20 and
sharing remote processor 34 is represented in FIG. 2B
by multiple dashed rectangles 20.
[0117] FIG. 2C shows another embodiment of near fall
detector 20. This embodiment is similar to the embodi-
ment of FIG. 2B in that processor 34 is remote and hous-
ing 30 includes local processor 35. However, in this em-
bodiment there is no transceiver 40 or wireless commu-
nication between mobile device 20 and remote processor
34, and memory module 36 is connected to local proc-
essor 35 inside mobile device 20. In operation, mobile
device 20 accumulates near fall data and stores the data
in memory module 36 for later offline processing by re-
mote processor 34. The data may be transferred to re-
mote processor 34 through external interface port 44 in
the manner described previously. In this embodiment us-

er interface 38 is optional. In some embodiments there
is no user interface 38 other than in some embodiments,
on/off switch. In other embodiments user interface 38
may be a single element such as display screen 46, to
guide the user in setting up the device. If this embodiment
does not provide real time analysis and feedback, it is
optionally not used as near fall detector 20 in the example
of FIG. 1.
[0118] In some embodiments, detector 20 is config-
ured to detect gait irregularity based acceleration meas-
urement. In some embodiments, detector 20 is further
configured to generate cuing signals responsive to de-
tection of a gait irregularity. For example, using speaker
48 to sound messages such as ’step...step...’, and/or
generate audible ’ticks’ akin to a metronome, or any
sound to indicate a regular pace. As another example, a
vibrator is attached to the person arm and/or or optionally
comprised in detector 20, and vibrations are generated
to indicate a regular pace. In some embodiments, other
methods are used to indicate or prompt a regular pace,
such as sending an audible prompt to a earphone or hear-
ing aid by a Bluetooth connection or a wire connection.
[0119] Optionally or alternatively, detector 20 is con-
figured to assist in detecting tendency to fall in during a
Timed Up and Go (TUG). For example, detecting rate of
change of acceleration during sitting or rising movements
and determining if the person is prone to fall according
to threshold criterion of the rate of change. In some em-
bodiments, the determined tendency to fall (and/or lack
thereof) is reported on display screen 46. Optionally, rate
of change and, optimally, the criterion that was used is
reported on display screen 46. In some embodiments,
the rates of change and criterion used are stored in de-
tector 20 for further study. In some embodiments, the
rates of change and criterion used are transferred to other
devices as described above.
[0120] In some embodiments, determination of gait ir-
regularity and/or tendency to fall is based on the meas-
urement or an accelerometer such as sensor 32. Option-
ally or alternatively, additional or different accelerome-
ters or sensors are used.
[0121] In some embodiments, configuring detector 20
is carried out by modifying the software program and/or
electronic circuitry (e.g. re-programming an FPGA). Op-
tionally, in case sensors other than senor 32 are used,
the program and/or electronic circuitry are adapted to the
other sensors. In some embodiments, in configuring de-
tector 20, processor 34 may be changed and/or an ad-
ditional processor is incorporated in detector 20.
[0122] Referring to detector 20 implies, without limit-
ing, also variations thereof or similar devices that use
one or more accelerometers.

3. Exemplary Operation

[0123] FIGS. 3A and 3B are flow charts that illustrate
exemplary operation of near fall detector 20, according
to an embodiment of the invention. FIG. 3A provides a

19 20 



EP 2 445 405 B1

12

5

10

15

20

25

30

35

40

45

50

55

broad overview and FIG. 3B provides a more detailed
view of the method of gait data collection of the invention.
The modules shown in the flow charts represent or cor-
respond to processes and methods that can be carried
out in software and executed by processor 34.
[0124] In these figures, the illustrated processes are
based on an embodiment of near fall detector 20 that
uses an accelerometer or other sensor 32 that measures
acceleration directly or other movement parameters such
as angular velocity or tilt. Embodiments of the invention
that use sensors that measure different aspects of move-
ment, such as velocity or position, may include extra
steps that involve taking derivatives of velocity and/or
position in order to obtain an estimate of acceleration
and/or may measure movement parameters other than
acceleration. It may be advantageous to use an acceler-
ation based sensor 32 in some embodiments, since it is
more accurate and enables processing with fewer steps
and accordingly provides a faster overall processing
time.
[0125] In exemplary embodiments of the invention, be-
ginning with FIG. 3A, upon starting and calibrating the
device, sensor 32 begins to measure acceleration for the
current gait segment of time Tn (module 110). The gait
segment Tn is simply the inverse of the sampling frequen-
cy, e.g. 0.01 seconds for a sampling frequency of 100
Hz. Acceleration is measured in the axes for which sensor
32 is configured, i.e. vertical, medio-lateral, and anterior-
posterior for a tri-axial sensor.
[0126] In some embodiments, the raw acceleration da-
ta is then passed to processor 34 (module 120), through
sensor output port 31 and processor input- port 33. Proc-
essor 34 performs one or more calculations to obtain
certain parameters that are used to obtain a gait accel-
eration profile of person 22. These parameters may be
called "derived parameters" since they are derived from
the raw movement data provided by sensor 32. Proces-
sor 34 optionally calculates a dynamic threshold for each
derived parameter. The threshold is optionally "dynamic"
because it is based on and updated from the stream of
acceleration values received for each period Tn.
[0127] Upon calculation of these values, processor 34
optionally determines whether a near fall has occurred
(module 130). In making this decision, processor 34 com-
pares each derived parameter with an associated thresh-
old value. The threshold value may be the dynamic
threshold calculated earlier, or a predetermined "static"
threshold. A near fall is indicated if a particular parameter
exceeds its threshold. In addition to comparing individual
derived parameters with their threshold, processor 34
may optionally also combine any two or more individual
parameter results using logical operators such as OR
and AND.
[0128] In some embodiments, upon completing a plu-
rality of comparisons, processor 34 will make an overall
determination of whether a near fall has occurred. If every
comparison indicates a near fall (or optionally a subset
such as a majority the number of comparisons indicate

a near fall), then the determination of decision module
130 will be "Yes", a near fall has occurred. If none of the
comparisons indicate a near fall, the determination will
be "No", a near fall has not occurred. In most cases the
results lie somewhere in between, with some compari-
sons indicating a near fall and some indicating no near
fall. Processor 34, in some embodiments of the invention,
may be programmed to assign a likelihood of a near fall
according to a predetermined sensitivity set by the doctor
in accordance with the particular medical profile and fall
risk of the patient. For example, the physician may set
near fall detector 20 to determine that a near fall has
occurred if half or more of the comparisons indicate a
near fall, and to determine no near fall otherwise.
[0129] As indicated in the flow chart of FIG. 3A, if it is
determined that a near fall has not occurred the system
moves on to the next time period Tn, for n = n + 1 (module
140), and the process is repeated with a new sensor
measurement (module 110). However, if it is determined
in module 130 that a near fall has occurred, near fall
detector 20 may then respond in some manner (module
160). As described earlier, the response could, for ex-
ample, take the form of any one or combination of logging
a record of the near fall event, prompting the user by
display or audio, querying the user to obtain more infor-
mation, and/or communicating with another party for as-
sistance.
[0130] Decision module 170 asks whether near fall
monitoring should continue. This will depend on the se-
riousness of the near fall. If the near fall was a relatively
minor event that did not overly stress the user then control
passes to module 140, "n" is incremented, and the proc-
ess repeats at module 110. Otherwise near fall monitor-
ing may stop (module 180) as the user recovers from the
effects of the near fall or fall. Optionally, the stop is for a
limited period of time and/or until a rest is performed.
[0131] Turning now to the flow chart of FIG. 3B, the
processes performed by near fall detector 20 may now
be reviewed in greater detail. Again, upon startup and
calibration (module 100), sensor 32 measures acceler-
ation for the current gait segment of time Tn (module 110).
In module 120, as noted, processor 34 calculates derived
parameters of acceleration (and/or other movement sig-
nals).
[0132] The derived parameters in some embodiments
may include, for example, any one or combination of the
following six example parameter types:

1) "Max" is the maximum measured acceleration val-
ue. For example, a measurement of acceleration
along the vertical ("y") axis that is the maximum such
value for a period of time may be referred to as "Ver-
tical Max".
2) "Maxp2p" is the maximum peak-to-peak value
(positive peak to negative peak within a single cycle)
of the measured acceleration over a period of time.
3) "SVM" is the signal vector magnitude. This is cal-
culated as the square root of the sum of the squares
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of the measured acceleration, for each axis meas-
ured. For example, using a tri-axial sensor 32, SVM
is the square root of the sum of (x2 + y2 + z2), where
x, y, and z are the measured acceleration values in
the medio-lateral ("x"), vertical ("y"), and anterior-
posterior ("z") directions.
4) "SMA" is the normalized signal magnitude area.
This is calculated as the sum of the absolute values
of the acceleration along each measured axis, inte-
grated over time "t". The sum is divided by "t" to ob-
tain the normalized value.
5) "Maxdiff" is the maximum acceleration derivative.
This is obtained by taking the derivative of the meas-
ured acceleration (sometimes called the "jolt"), and
is the maximum of this value.
6) "Maxp2pdiff" is the maximum peak-to-peak accel-
eration derivative. Like Maxdiff this is also based on
the acceleration derivative or jolt rather than the raw
acceleration value. This parameter is the maximum
value between positive peak and negative peak of
the acceleration derivative within a single cycle over
a period of time.

[0133] The inventors have observed that use of the
above six parameters, and even a small subset of the six
including as few as one or two parameters, have provided
adequate results in some embodiments. In some embod-
iments, additional derived parameters other than the six
described above may also be calculated by processor
34 and used to determine near falls, optionally in a more
robust manner.
[0134] In some embodiments, the "Vertical Max" pa-
rameter is included, solely and/or in combination with oth-
er parameters, in the determination of a near fall.
[0135] Returning to the flow chart of FIG. 3B, in module
120 processor 34 calculates or updates an incremental
value for a particular derived parameter. In module 122,
processor 34 updates a dynamic threshold value for this
parameter. In module 124 the system queries whether
there are any other derived parameters to be calculated.
If the answer is "Yes" control is returned to module 120
and the process repeats. Accordingly, if for example the
system is programmed to use three derived parameters,
then modules 120 to 124 will loop three times before pro-
ceeding to module 130. Alternatively, a flow process in
which processor 34 calculates all of the derived param-
eters first, and then calculates all of the associated
thresholds is also comprehended by the present inven-
tion. In embodiments that use a static threshold instead
of a dynamic threshold, module 122 may be bypassed
or its results ignored. In embodiments that use only one
derived parameter, decision module 124 may be by-
passed.
[0136] The calculation of dynamic threshold for each
derived parameter in module 122 may be performed in
a variety of ways. In some embodiments, a mean and
standard deviation of the parameter may be calculated
and updated with each successive measurement. The

threshold may then comprise the mean value plus some
multiple of the standard deviation. For example, a "usual-
walk" period of time may be identified, based perhaps on
measures of rhythmicity and regularity, and one or more
derived parameters and their mean and standard devia-
tions estimated based on this usual-walk episode. If in
any subsequent window of time the value of one of these
derived parameters exceeds the mean plus three times
the standard deviation of that observed during the usual-
walk, the algorithm will record this parameter as detecting
a near fall. For other activities, such as stair climbing
(e.g., similarly identified from the gait signals, or based
on displacement as a function of time), other thresholds
may be applied. Optionally, a user can indicate, for ex-
ample, during a calibration stage, if a recent event was
a near fall or not. This may be, for example, initiated by
the user, or by the system asking regarding a specific
event.
[0137] Unlike the dynamic threshold, the calculation of
the static threshold is optionally performed offline, at
some time prior to operation of the near fall detector 20.
Parameter data may be obtained for a time period in
which a person’s walk is directly observed (or recorded
for later observation). From this, two groups of time pe-
riods or intervals may be defined, comprising "near fall"
groups and "non-near fall" groups. Since the near fall
groups have been directly observed and are known to
be accurate, they comprise a "gold standard" of known
near falls that may be correlated with the signal process-
ing data.
[0138] In some embodiments, the static threshold may
be calculated as an optimization of sensitivity and spe-
cificity with respect to a single or multiple number of de-
rived parameters. The algorithms used may be non-linear
and advanced. Some examples of the types of discrimi-
nant functions that may be employed include linear, di-
aglinear, quadratic, diagquadratic, and mahalanobis. Al-
gorithm performance may then be measured in terms of
sensitivity (true positive/(true positive + false negative))
and specificity (true negative/(true negative + false pos-
itive)).
[0139] In decision module 130 processor 34 deter-
mines whether a near fall has occurred in time period "n"
based on the updated derived parameter values. As not-
ed above, the determination may be made by subtracting
(or comparing in another way) from the derived param-
eter value the value of its associated threshold. In em-
bodiments that use dynamic thresholds, the threshold
values calculated in module 122 are used. In embodi-
ments that use static thresholds, the threshold values will
have been pre-loaded in memory and may be retrieved
at the time of the calculation. Also as noted, in some
embodiments a plurality of such comparisons are made
involving individual parameters and combinations of pa-
rameters.
[0140] The inventors have discovered that, in some
embodiments, adequate detection of near falls may be
obtained through the calculation of a single derived pa-
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rameter, Maxp2pdiff, based on acceleration along the
vertical axis. The inventors observed that vertical
Maxp2pdiff identified near falls with a sensitivity of 85.7%
and a specificity of 88.0%. It may be noted that in this
case, decision module 130 would only need to review a
single comparison of Maxp2pdiff with its associated
threshold, as no other comparisons need to be consid-
ered.
[0141] The inventors have also discovered that, in
some embodiments, adequate detection of near falls may
be obtained through the calculation of two derived pa-
rameters, Maxp2pdiff and Max, both based on acceler-
ation along the vertical axis, and by performing a logical
AND operation on the individual results. Accordingly, this
method will find a near fall only in the event that both
parameters exceed their respective thresholds. The in-
ventors observed that this method of detection identified
near falls with a sensitivity of 85.7% and a specificity of
90.1%.
[0142] An illustration of the results using the above
methods of detection is shown in FIG. 4. As indicated, in
the time period recorded in the graphs, person 22 had
three near falls or missteps. In FIG. 4, the lower graph
shows Maxp2pdiff and the upper graph shows Vertical
Max over this time period. It may be seen that at or about
the time of each misstep, both derived parameters dis-
play distinct increases in value relative to their average
values over the balance of the time period. Accordingly,
a gait acceleration profile based on the derived param-
eter Maxp2pdiff, or one based on the logical combination
of Maxp2pdiff "AND" Vertical Max, may be used to detect
near falls with adequate results.
[0143] As noted, the present invention comprehends
many other selections of specific derived parameters and
combinations of derived parameters to determine near
falls. In another example, all six derived parameter ex-
amples may be calculated, and near falls could be de-
termined if any three or more confirm a near fall. Through
logical combinations of individual parameters many more
comparisons may be made and considered in determin-
ing a near fall to enhance robustness of the decision tree.
The various comparisons could be listed in a hierarchy
and determination of a near fall could be made along a
gradient that corresponds with the results of the plurality
of comparisons. The output could be binary (i.e. "yes/no"
a near fall has likely occurred) and/or a continuous meas-
ure related to the likelihood that a near fall has occurred,
based on the number of parameters exceeding thresh-
olds. For example, an embodiment may have 100 com-
parisons involving the different parameters individually
and in various logical combinations. The comparisons
could represent 100 "levels" over which the near fall is
graded, ranging from a sure near fall at one end to a sure
non-near fall at the other end. Similarly, output scores
could be graded based on the percent of steps in which
a misstep occurred.
[0144] Optionally (e.g., as discussed above), the de-
termination of a person’s near fall experience may be

used to prepare or modify that person’s gait acceleration
profile. Near fall detector 20 may also be used in some
embodiments to determine other aspects of a person’s
gait that enhance the gait acceleration profile. For exam-
ple, if a near fall has occurred, it is useful to know the
magnitude and direction of the near fall. It is also useful
to know (e.g. detect or note) if the incident has resulted
in an actual fall. Other useful gait parameters arise from
a study of the person’s walking motion, and include, for
example one or more of, step width, step or stride regu-
larity, and symmetry between steps.
[0145] The calculation of gait parameters that arise
from the near fall may be seen in flow chart of FIG. 3B
in the series of modules that follow a "Yes" determination
of module 130.
[0146] In module 142, the magnitude of the near fall is
optionally determined. Magnitude may be obtained from
the peak of the acceleration, i.e. the derived parameter
Max. Alternatively, in some embodiments that calculate
the derived parameters SVM and/or SMA, these param-
eters may be used individually or in combination to obtain
a better quality of the magnitude of the near fall. A mag-
nitude value derived from SVM and/or SMA is considered
to be more robust and stronger than a value derived from
acceleration data alone. The magnitude value may be
converted and presented on a number on a scale, for
example between 1 and 100. In reviewing a person’s gait
acceleration profile, it is helpful to know that the person’s
near falls had an average magnitude of 70, for example,
as opposed to an average magnitude of 20.
[0147] In module 144, the direction of the near fall is
optionally determined. This parameter can enhance the
ability to extract meaning, at least as an estimation, and
interpret the gait acceleration profile by providing the di-
rection of a near fall relative to vectors along the vertical,
medio-lateral, and anterior-posterior axes. It may be not-
ed that in order to obtain directional near fall information
sensor 32 is optionally configured to obtain measure-
ments along all three axes.
[0148] The directional information provided by this pa-
rameter may be useful in aiding diagnosis by a physician.
For example, falls that occur to the side are more likely
to result in a broken hip, which are particularly trouble-
some and dangerous to elderly persons. Accordingly, the
awareness of such data may trigger preventive action
that could prevent-a disabling fall that might otherwise
occur. In another example, a persistent trend to near falls
in a particular direction might indicate a structural weak-
ness or postural problem, which may lead to preventive
physiotherapy, adoption of a walking aid, or wearing
asymmetrical protection such as a pad on one hip.
[0149] Optional modules 146 and 148 optionally pro-
vide information that assists in determining if a real fall
has occurred. After a real fall, there is often a silent period
since the person is not moving. Accordingly, module 146
collects sensor information for a period Tx after the near
fall. If the measured values are zero or close to zero (or
reflect a vertical location that is near the floor and/or a
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small range of motion (e.g., by integrating acceleration
over time)), it would suggest that a real fall has occurred.
Module 148 estimates the height or position of the per-
son’s center of mass after the near fall. The center of
mass may be estimated from a gyroscope, if that instru-
ment is provided in near fall detector 20. In some em-
bodiments, an accelerometer such as that used for sen-
sor 32 may be used to estimate the height of the center
of mass.
[0150] Decision module 150 optionally considers the
above information in determining whether a real fall has
occurred. This module may also consider the magnitude
value obtained in module 142, since in a real fall the mag-
nitude value tends to be higher than for a near fall. If a
real fall is determined, module 152 logs data relating to
the incident, such as the time and day, magnitude, and
direction. In module 160, near fall detector responds in
the manner described earlier, by interacting with the per-
son and possibly contacting an outside party. If module
150 determines that a real fall has not occurred, the event
is logged as a near fall (module 154). An optional module
156 may consider the parameters of the near fall in de-
ciding whether to respond (module 160), or whether to
proceed to module 140 to increment "n" and repeat the
sequence at module 110.
[0151] Returning to decision module 130, if processor
34 determines that a near fall has not occurred, gait pa-
rameters such as step width, step or stride regularity, and
symmetry between steps may optionally be determined.
These parameters can provide additional information
about the patient’s balance and gait that can not be ob-
tained simply by observational analysis or self-report.
These parameters are also independent of one another,
and accordingly provide complementary, objective data
that enhances the quality of the patient’s gait acceleration
profile.
[0152] Beginning with optional module 132, the step
width parameter may be determined as the distance in
the horizontal or medio-lateral direction between the sub-
ject’s feet, orthogonal to the direction of movement. It
may be noted that to calculate step width sensor 32 is
optionally configured to measure along the medio-lateral
axis. It may also be noted that step width is a distance
value. Accordingly, if sensor 32 is an accelerometer that
measures acceleration directly, the measured value
would generally have to be further processed, such as
by double integration, to obtain an estimate of the step
width distance.
[0153] The step width parameter may be useful for the
gait acceleration profile of a patient in that if it is found to
be wide, it may be an indication that the patient is over
compensating. A step width that is not consistent and is
too variable is considered to be unhealthy, and accord-
ingly may prompt further diagnostic testing by the doctor.
Module 134 may be used to calculate step or stride reg-
ularity. This parameter is a measure of the repeatability,
regularity, or consistency of the person’s gait, and can
refer to the length or the timing of the step. Useful infor-

mation may be obtained along a single axis or from all
three axes. This parameter is typically calculated by an
autocorrelation of the raw acceleration data.
[0154] A stride of walking is the time to complete one
walking cycle, for example from the left foot touching the
ground to the subsequent instance of the left foot touch-
ing the ground. One stride equals two steps. Accordingly
the terms "step regularity" and "stride regularity" mean
essentially the same thing, with the only difference being
the portion of the gait cycle over which they are meas-
ured.
[0155] Measures of regularity can be used to define
the degree to which the person’s walking pattern is rhyth-
mic. In medical terms, the greater the regularity and
"rhythmicity", the healthier the motor control system is
considered to be in the patient. Module 136 may be used-
to calculate symmetry between steps. This parameter
measures the degree of equality between steps taken by
the left foot relative to steps taken with the right foot. It
may be calculated by the formula:
Gait Asymmetry = 100 x |ln(SSWT/LSWT)|.
[0156] In the formula, "SSWT" and "LSWT" stand for
the mean values of the Short and Long Swing Time, re-
spectively, as determined from the vertical axis.
[0157] Other measures of asymmetry, such as one
based on step times, for example, may also be used in
some embodiments to provide a more complete estimate
of asymmetry patterns.
[0158] For example, identifying cycles periods in ac-
celerometer signal or signals (e.g. peak to peak) and de-
termining the variability (the irregularity) of the cycles’
periods.
[0159] In some embodiments, an asymmetry measure
such as difference between the longest and shortest cy-
cles may be used. Optionally or alternatively, the stand-
ard deviation of the cycles’ periods may be used. Option-
ally or alternatively, some other statistics such as the
median of the period may be used.
[0160] In some embodiments, a measure of regularity
of asymmetry may be obtained in a frequency domain,
optionally within locomotion band (stride) such as 0.5-3.0
Hz. A narrow frequency spread (e.g. standard deviation)
indicates regular stride and, vice versa, wide spread in-
dicates irregularity and possibly a sign of physiological
or neurological disorder.
[0161] FIG. 5 shows exemplary charts of stride accel-
eration and frequency spread of a healthy person and a
person with Parkinson disease, respectively.
[0162] Charts 501 and 503 are of a healthy and Par-
kinson diseased persons, respectively, illustrating the ac-
celeration in the anterior-posterior direction, and charts
502 and 504 illustrate the respective frequency range.
Vertical axis of charts 501 and 503 is acceleration (in g)
and the horizontal axis is in seconds; horizontal axis of
charts 502 and 504 is in Hertz and the vertical axis is the
frequency amplitude.
[0163] The sharper and narrower peak of chart 502
with respect to chart 504 reflects a more consistent gait
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pattern, i.e., reduced gait variability and lower stride-to-
stride fluctuations of a healthy person relative to a Par-
kinson diseased person.
[0164] In some embodiments, a measure of stride reg-
ularity or asymmetry is determined by combining (e.g.
averaging) two or more of the methods described above.
Optionally, the combination assigns different weights to
the various measures obtained by the methods described
above. In some embodiments, measures that indicate
larger asymmetry are assigned larger weights relative to
measures that indicate smaller asymmetry.
[0165] Upon completion of the calculation of the vari-
ous gait parameters, module 140 increments "n" and the
process is repeated with a new sensor measurement for
time period Tn in module 110.
[0166] A further aspect of operation of some embodi-
ments of near fall detector 20 concerns calibration of the
device. Calibration initializes the device so that the sen-
sor recognizes and accurately responds to movement
along the appropriate axes. In this way, near falls and
other gait parameters can more accurately be measured.
Calibration is helped by measuring along all three axes,
as this enables the device to find the direction of gravity
and to orient itself to align with it.
[0167] In an exemplary embodiment of the invention,
calibration involves performing procedures recommend-
ed or instructed by the sensor or accelerometer manu-
facturer. In some embodiments of the invention, such as
for example where near fall detector 20 is a dedicated
device worn on the person’s belt, the orientation of the
device in space is relatively fixed. Accordingly, calibration
in these cases may be a relatively simple matter. In other
embodiments of the invention, such as when near fall
detector 20 is incorporated in another device such as a
cell phone, the orientation of the device in space is not
fixed and will vary widely in the course of daily use. For
example, a cell phone may be vertical when in use by a
standing person, but may be horizontal if the person is
lying down. Further, when put in a coat pocket or carrying
bag the cell phone may be upside down or adopt any
other orientation at random. In these cases the device
may self-calibrate to ensure that near fall detector 20
works properly.
[0168] In some embodiments of the invention, calibra-
tion and operation of the device may be independent of
the weight of the person whose movement is being mon-
itored. For example, near fall detector 20 will be calibrated
and operate in the same manner whether the user is a
heavier person or a lighter person.

4. Exemplary Applications of Gait Acceleration Pro-
file

[0169] As discussed, the gait acceleration profile of a
person comprises that person’s observed or recorded
gait parameters over one or more periods of time. For
example, a sample gait acceleration profile of a particular
person might be: patient experienced three near falls

over a two day period. The near falls had magnitudes of
60, 23, and 47 (arbitrary units) and were primarily in the
medio-lateral/left direction. During this period, step width
was 0.31 meters, stride variability (inversely related to
regularity) was 6%, and gait asymmetry was 17. After an
intervention consisting of physiotherapy and prescribed
medication, in an evaluation over a similar two day period,
near falls dropped to one with a magnitude of 14. Step
width narrowed to 0.26 meters and gait asymmetry also
improved by a reduction to a value of 11.
[0170] Some embodiments of the invention may ena-
ble the benefits of a detailed patient gait acceleration
profile to become available at greater convenience to
both doctors and their patients. An example of this may
be in the area of remote exercise monitoring. There is a
growing push in the medical field for at-home interven-
tions to improve mobility. A doctor may encourage an
older adult or patient with Parkinson’s disease to walk
for thirty minutes, five times a week, with three sessions
outside and two sessions indoors on a treadmill, the latter
perhaps having more complex instructions. Near fall de-
tector 20 in some embodiments may be used for real-
time monitoring as the patient carries out the prescribed
exercises. If a near fall occurs, an alarm can sound or
assistance provided immediately. In this way the safety
and usability of such "tele-rehabilitation" approaches are
improved, while at the same time enabling patient
progress to be closely and precisely monitored. Alterna-
tively, the near fall detector can be used to assess the
efficacy of the prescribed therapy.
[0171] In some embodiments, detector 20, or a varia-
tion thereof, may be used or adapted (e.g. by software
and/or circuitry modification) to enhance common
screening of subject prone to falls or to near-falls, as de-
scribed below.
[0172] The Timed Up and Go (TUG) test is a widely
used clinical test of fall risk. Subjects are asked to start
in a seated position, stand up and walk 3 meters, turn
around, and return to the seated position. In older adults
and other populations such as patients with Parkinson’s
disease (PD) or stroke, longer TUG times have been as-
sociated with impaired mobility and an increased fall risk
(for example, Balash Y, Peretz C, Leibovich G et al. Falls
in outpatients with Parkinson’s disease: frequency, im-
pact and identifying factors. J Neurol
2005;252:1310-1315; Najafi B, Aminian K, Loew F et al.
Measurement of stand-sit and sit-stand transitions using
a miniature gyroscope and its application in fall risk eval-
uation in the elderly. IEEE Trans Biomed Eng
2002;49:843-851; Podsiadlo D, Richardson S. The timed
"Up & Go": a test of basic functional mobility for frail eld-
erly persons. J Am Geriatr Soc 1991;39:142-148).
[0173] However, the TUG does not always success-
fully identify those with a high fall risk, especially among
relatively well-functioning, healthy older adults (for ex-
ample, Buatois S, Gueguen R, Gauchard GC et al. Pos-
turography and risk of recurrent falls in healthy non-in-
stitutionalized persons aged over 65. Gerontology
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2006;52:345-352; Marschollek M, Nemitz G, Gietzelt M
et al. Predicting in-patient falls in a geriatric clinic: a clin-
ical study combining assessment data and simple sen-
sory gait measurements. Z Gerontol Geriatr
2009;42:317-321).
[0174] It was observed by the inventors, at least in rep-
resentative cases, that extracted accelerometer-based
measures such as by device 20 or similar ones can dis-
tinguish or be adapted to distinguish (e.g. by software
adaptation) between elderly fallers and elderly non-fall-
ers when they perform the TUG, even if TUG duration
times are not significantly different in the two groups. It
was observed that the rate of change of the acceleration
during sitting movement from standing position and dur-
ing movement of rising from a seated position is different
between healthy persons and fallers (persons prone to
fall, having a tendency to fall). Healthy persons exhibit a
significantly larger rate of change of the acceleration rel-
ative to fallers, at least as observed for elderly subjects.
[0175] FIG. 6 shows exemplary chart 601 of Timed Up
and Go (TUG) of healthy person and 602 of a person
prone to falling (’faller’). Charts 601 and 602 illustrate
anterior-posterior accelerations measured with an accel-
erometer, where the horizontal axis is in seconds and
the vertical axis is in -g. The acceleration signals of charts
601 and 602 are generally divided, respectively, into
three zones, namely, 604 and 614 are when the persons
sit from a standing position, 610 and 612 are walking
periods, and 606 and 616 are when the persons stand
from a seated position.
[0176] In the regions of up or down movements 604,
606, 614 and 616 the rate of change of the acceleration
was determined as a time derivative of the measured
accelerations (in g/sec), indicated in FIG. 6 as ’jerk’.
[0177] As illustrated in FIG. 6, the rate of change of
acceleration of the jerks of the healthy person and the
faller person are considerably different. The rate of the
acceleration of the healthy person is higher than that of
the faller person. For example, as illustrated, the upward
jerk of the healthy person is about 2 g/sec and the down-
ward jerk (at 606) is about 1 g/sec, wherein the respective
jerks of the faller are about 0.5 g/sec, (at 614 and 616,
respectively).
[0178] As detector 20 comprises accelerator and
measures acceleration and rate of change of accelera-
tion, in some embodiments detector 20 is modified or
adapted to distinguish (screen) fallers from non-fallers
based on the amount of the rate of change of the accel-
eration in the jerks zones. Thus, in some embodiments,
detector 20 can augment the TUG test by providing in-
dication for differentiation between healthy persons and
persons prone to fall, at least in some cases.
[0179] In some embodiments, modifying of adapting
detector 20 comprises modifying the software program
and/or circuitry of the detector (e.g. different gate array
layout). In some embodiments, the modified or adapted
detector 20 provides control (e.g. by touchscreen or but-
ton) to indicate when to measure the jerks. Optionally or

alternatively, the program is adapted to recognize jerk
zones according relative long generally monotonic ac-
celeration with respect to walking.
[0180] In some embodiments, detector 20 is capable
to determine gait irregularity and asymmetry, as de-
scribed above. As such, further to a diagnostic tool, in
some embodiments detector 20 can be used as a ther-
apeutic or an assisting device for regulating the gait of a
subject having a neurological disease or another subject
having a tendency to fall.
[0181] For example, with ongoing assessment of the
pattern and regularity of a gait of a subject, a signal could
be automatically generated responsive detection of de-
viation from sufficiently regular or expected gait pattern.
[0182] In some embodiments, the signal indicates that
the gait is irregular or that the subject is about to fall (near
fall), prompting the subject to recover a proper gait. Op-
tionally or additionally, the signal indicates suggested gait
pace that the subject can follow in order to stabilize the
gait (cueing signals).
[0183] In some embodiments, the signal indicates sug-
gested pace irrespective of irregularities, providing con-
tinuous training to the subject, at least for certain time
periods. Optionally the training may, in some cases at
least, enhance functional mobility of the subject.
[0184] In some embodiments, upon detection of a near
fall situation or irregular pace, detector 20 generates an
alarm message such as by speaker 48, notifying the sub-
ject of the situation.
[0185] In some embodiments, upon detection of irreg-
ular pace, detector 20 generates audible messages guid-
ing the subject pace, such as ’step... step...’, thereby as-
sisting the subject to regulate and stabilize the gait. In
some embodiments, the guided pace is within a deter-
mined variability, avoiding too ’mechanical’ gait. In some
embodiments, the guided pace is adapted and/or syn-
chronized with the subject’s pace.
[0186] In some embodiments, the pace of the cueing
signals are based on behavior detected or assessed in
healthy persons, optionally of about the same age. Op-
tionally or additionally, the pace of the cuing signals are
based on intervals where the subject’s gait is determined
to be regular, at least to some extent.
[0187] In some embodiments, one or more other sig-
nals are generated in addition or instead the audible mes-
sages described above. For example, rhythmic auditory
stimulation by tone such as or similar to a metronome,
or rhythmic visual stimulation by one or more of alarm
lights 50 or indications on display 46.
[0188] In some embodiments, detector 20 is augment-
ed to comprise a vibrator (e.g. akin to some pagers or
cellular phones) and vibrations are generated to indicate
the gait situation or provide pace guiding signals.
[0189] The amount of gait acceleration information that
may be made available for analysis may be greatly in-
creased due to the convenience provided by near fall
detector 20 in this application. This in turn may lead to
improvements in patient cognitive and motor functioning,
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particularly since available data suggest that interven-
tions are more effective when they take place over longer
time periods, are individually tailored, and include exer-
cise in the home environment.
[0190] Near fall detector 20, in some embodiments of
the invention, may even be incorporated into treadmills
or other exercise equipment, or provided as an add-on
accessory. The device could be in the form of a "smart-
box" that contains the software, processor 34, commu-
nication hardware, and other elements. When using this
type of exercise equipment, the user could indicate that
he or she is doing a special activity for monitoring for near
falls. In some embodiments the device may adjust the
parameter threshold values to account for planned vari-
ations in exercise stimulation, such as increases in tread-
mill speed designed to challenge the patient.
[0191] The information provided by the gait accelera-
tion profile may also provide insight into a person’s neu-
rological state related to the diagnosis of other types of
medical conditions besides the predilection to fall.
[0192] It is hypothesized that a gait profile based on
acceleration and other measures of movement (e.g., gy-
roscopes, tilt sensors) that includes such information as
near falls, step and stride regularity, and symmetry may
be tracked as part of a patient’s medical record, and used
as a tool for therapeutic use.
[0193] For example, in many cases prior to falling,
there is an instant or moment in time when the person’s
brain fails to operate properly. In most cases this aspect
of the person’s medical condition may not be detectable
until the symptoms become more pronounced and the
underlying disease becomes more severe. However, in
some cases the reduced brain activity may be observable
indirectly, through the person’s motor output or gait. By
monitoring gait with near fall detector 20 of the present
invention, the person’s quality of movement may provide
an early warning indicator of the onset of Parkinson’s
disease, for example, or other movement disorders.
[0194] In another example, a physician may have an
array of possible treatments available for a patient diag-
nosed with a particular illness. One of the possible treat-
ments may be a drug that is known to be effective with
some patients but not with others, but for which there is
no methodology to discern beforehand whether a partic-
ular patient will benefit. Upon further research using the
gait profile, it may be found that the gait profile provides
the missing neurological information to assist the physi-
cian in determining whether the drug will be effective in
that case. Used in this way, the gait profile may lead to
better and more cost effective medical care. Further, the
efficacy of treatment may be verified by continuing to
monitor the gait profile, and by analyzing subsequent
near fall data to confirm that the number of instances of
near falls and/or their magnitude has declined.
[0195] As used herein the term "about" refers to 6
10%.
[0196] The terms "comprises", "comprising", "in-
cludes", "including", "having" and their conjugates mean

"including but not limited to".
[0197] As used herein, the singular form "a", "an" and
"the" include plural references unless the context clearly
dictates otherwise.
[0198] Throughout this application, various embodi-
ments of this invention may be presented in a range for-
mat. It should be understood that the description in range
format is merely for convenience and brevity and should
not be construed as an inflexible limitation on the scope
of the invention. Accordingly, the description of a range
should be considered to have specifically disclosed all
the possible subranges as well as individual numerical
values within that range. For example, description of a
range such as from 1 to 6 should be considered to have
specifically disclosed subranges such as from 1 to 3, from
1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6
etc., as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of
the breadth of the range.
[0199] Whenever a numerical range is indicated here-
in, it is meant to include any cited numeral (fractional or
integral) within the indicated range. The phrases "rang-
ing/ranges between" a first indicate number and a second
indicate number and "ranging/ranges from" a first indi-
cate number "to" a second indicate number are used
herein interchangeably and are meant to include the first
and second indicated numbers and all the fractional and
integral numerals therebetween.
[0200] It is appreciated that certain features of the in-
vention, which are, for clarity, described in the context of
separate embodiments, may also be provided in combi-
nation in a single embodiment. Conversely, various fea-
tures of the invention, which are, for brevity, described
in the context of a single embodiment, may also be pro-
vided separately or in any suitable subcombination or as
suitable in any other described embodiment of the inven-
tion. Certain features described in the context of various
embodiments are not to be considered essential features
of those embodiments, unless the embodiment is inop-
erative without those elements.
[0201] Although the invention has been described in
conjunction with specific embodiments thereof, it is evi-
dent that many alternatives, modifications and variations
will be apparent to those skilled in the art.

Claims

1. A method of determining gait irregularity and near
falls, the method comprising:

collecting movement data (110);
determining by means of a processor (34) from
said movement data at least one derived param-
eter including a maximum acceleration value;
comparing by means of the processor said max-
imum acceleration value with a threshold value
to determine whether a near fall has occurred
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(130); and
responding to the near fall by logging a record
of the near fall event, prompting the user by dis-
play or audio, querying the user to obtain more
information, and/or communicating with another
party for assistance (160), if the processor has
determined that a near fall has occurred;
the method characterized in that
said comparing includes determining that a near
fall has occurred if said maximum acceleration
value exceeds said threshold value;
wherein said method further includes determin-
ing by the processor gait parameters comprising
at least one of step width, step or stride regular-
ity, and symmetry between steps from the move-
ment data (132, 134, 136), if the processor has
determined that a near fall has not occurred.

2. A method according to claim 1, wherein said com-
paring to determine whether a near fall has occurred
further comprises matching the pattern with respect
to time of the movement data with a reference pat-
tern.

3. A method according to claim 2, wherein the matching
classifies the movement data as exhibiting fall, near
fall or lack thereof.

4. A method according to claim 2 or claim 3, wherein
said derived parameter relates to movement in sub-
stantially a vertical direction.

5. A method according to any of claims 1-4, wherein
said determining from said movement data at least
one derived parameter includes determining a sec-
ond derived parameter,
said comparing further includes comparing said sec-
ond derived parameter with a second threshold value
to determine whether a near fall has occurred.

6. A method according to any of claims 1-4, wherein
said determining from said movement data at least
one derived parameter includes determining a plu-
rality of derived parameters,
said comparing comprises completing a plurality of
comparisons between each derived parameter and
an associated threshold value, and
logging a record comprises counting a near fall if a
majority of said plurality of comparisons indicates a
near fall.

7. A method according to claim 6, wherein said plurality
of derived parameters comprises a maximum accel-
eration derivative.

8. A method according to any of claims 1-7, wherein
said threshold value is a continuously updated func-
tion of said derived parameter.

9. A method according to any of claims 1-8,
wherein said movement data includes cyclic accel-
eration data including peaks;
determining at least one derived parameter compris-
es determining from said acceleration data periods
between said peaks;
wherein said near fall comprises a gait irregularity
where a period between said peaks exceeds a
threshold.

10. A method according to any of claims 1-9,
wherein said movement data includes cyclic accel-
eration data, each cycle including a cycle shape; and
wherein said near fall comprises a gait irregularity
where said cycle shape varies above a threshold.

11. A method according to any of claims 1-10, wherein:

determining said at least one derived parameter
comprises determining an acceleration frequen-
cy spread of the movement data; and
determining a near fall comprises determining
an irregularity of the gait from said acceleration
frequency spread.

12. A device to determine gait irregularity and near falls
of a body, the device comprising:

a sensor (32) operatively connected to said body
and responsive to movement of said body, and
a processor (34) that:

receives movement data from said sensor
(32);
processes said movement data to deter-
mine a near fall by:

a) determining from said movement da-
ta at least one derived parameter in-
cluding a maximum acceleration value;
and
b) comparing said maximum accelera-
tion value with a threshold value; to de-
termine whether a near fall has oc-
curred;
c)responding to the near fall by logging
a record of the near fall event, prompt-
ing the user by display or audio, query-
ing the user to obtain more information,
and/or communicating with another
party for assistance (160), if the proc-
essor has determined that near fall has
occurred;

the device characterized in that:

said processor is configured to determine
that a near fall has occurred if said maxi-
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mum acceleration value exceeds said
threshold value; and
the processor is configured to determine
gait parameters comprising at least one of
step width, step or stride regularity, and
symmetry between steps from the move-
ment data (132, 134, 136), if the processor
has determined that a near fall has not oc-
curred.

13. A device according to claim 12, wherein said proc-
essor is located remote from said sensor.

14. A device according to claim 13, further including a
radio transmitter operatively connected to said sen-
sor and a radio receiver operatively connected to
said processor,
wherein said transmitter and said receiver are con-
figured to enable said processor to receive move-
ment data from said sensor in real time.

15. A method according to any of claims 1-11, wherein
if the comparison has determined that a near fall has
occurred, then recording the near fall.

16. A method according to any of claims 1-11, wherein
if the comparison has determined that a near fall has
occurred, then counting the near fall.

Patentansprüche

1. Verfahren zum Bestimmen von Gangunregelmäßig-
keit und Beinahestürzen, wobei das Verfahren um-
fasst: Erfassen von Bewegungsdaten (110);
Bestimmen mindestens eines abgeleiteten Parame-
ters, beinhaltend einen maximalen Beschleuni-
gungswert, anhand der Bewegungsdaten mithilfe ei-
nes Prozessors (34);
Vergleichen des maximalen Beschleunigungswerts
mit einem Schwellenwert mithilfe des Prozessors,
um festzustellen, ob ein Beinahesturz aufgetreten
ist (130); und
Reagieren auf den Beinahesturz durch Protokollie-
ren eines Eintrags des Beinahesturz-Ereignisses,
Fragen des Benutzers mithilfe von Video oder Audio,
Bitten des Benutzers um Erhalt von mehr Informati-
onen und/oder Kommunizieren mit einer anderen
Partei hinsichtlich Hilfe (160), wenn der Prozessor
bestimmt hat, dass ein Beinahesturz aufgetreten ist;
wobei das Verfahren dadurch gekennzeichnet ist,
dass
das Vergleichen das Bestimmen beinhaltet, dass ein
Beinahesturz aufgetreten ist, wenn der maximale
Beschleunigungswert den Schwellenwert über-
schreitet;
wobei das Verfahren weiterhin das Bestimmen von
Gangparametern, umfassend mindestens einen der

Schrittlänge, der Schritt- oder Gangregelmäßigkeit
und der Symmetrie der Schritte, anhand der Bewe-
gungsdaten (132, 134, 136) durch den Prozessor
beinhaltet, wenn der Prozessor bestimmt hat, dass
ein Beinahesturz nicht aufgetreten ist.

2. Verfahren nach Anspruch 1, wobei das Vergleichen
zum Bestimmen, dass ein Beinahesturz aufgetreten
ist, weiterhin das Abgleichen des Musters in Bezug
auf die Zeit der Bewegungsdaten mit einem Ver-
gleichsmuster umfasst.

3. Verfahren nach Anspruch 2, wobei das Abgleichen
die Bewegungsdaten als Sturz, Beinahesturz oder
kein Sturz einstuft.

4. Verfahren nach Anspruch 2 oder Anspruch 3, wobei
sich die abgeleiteten Parameter auf Bewegung in im
Wesentlichen vertikaler Richtung beziehen.

5. Verfahren nach einem der Ansprüche 1-4, wobei
das Bestimmen mindestens eines abgeleiteten Pa-
rameters anhand der Bewegungsdaten das Bestim-
men eines zweiten abgeleiteten Parameters bein-
haltet,
das Vergleichen weiterhin das Vergleichen des
zweiten abgeleiteten Parameters mit einem zweiten
Schwellenwert zum Bestimmen beinhaltet, ob ein
Beinahesturz aufgetreten ist.

6. Verfahren nach einem der Ansprüche 1-4, wobei
das Bestimmen mindestens eines abgeleiteten Pa-
rameters anhand der Bewegungsdaten das Bestim-
men einer Vielzahl abgeleiteter Parameter beinhal-
tet,
das Vergleichen das Abschließen einer Vielzahl von
Vergleichen zwischen jedem abgeleiteten Parame-
ter und einem damit verbundenen Schwellenwert
umfasst, und
Protokollieren eines Eintrags das Mitzählen eines
Beinahesturzes umfasst, wenn eine Mehrzahl der
Vielzahl von Vergleichen einen Beinahesturz andeu-
tet.

7. Verfahren nach Anspruch 6, wobei die Vielzahl von
abgeleiteten Parametern eine Ableitung der maxi-
malen Beschleunigung umfasst.

8. Verfahren nach einem der Ansprüche 1-7, wobei der
Schwellenwert eine kontinuierlich aktualisierte
Funktion des abgeleiteten Parameters ist.

9. Verfahren nach einem der Ansprüche 1-8,
wobei die Bewegungsdaten zyklische Beschleuni-
gungsdaten mit Spitzenwerten beinhalten;
das Bestimmen mindestens eines abgeleiteten Pa-
rameters das Bestimmen anhand der Zeiträume mit
Beschleunigungsdaten zwischen den Spitzenwer-
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ten umfasst;
wobei ein Beinahesturz eine Gangunregelmäßigkeit
umfasst, bei der ein Zeitraum zwischen den Spitzen-
werten einen Schwellenwert überschreitet.

10. Verfahren nach einem der Ansprüche 1-9,
wobei die Bewegungsdaten zyklische Beschleuni-
gungsdaten beinhalten, wobei jeder Zyklus eine Zy-
klusform beinhaltet; und
wobei ein Beinahesturz eine Gangunregelmäßigkeit
umfasst, bei der die Zyklusform oberhalb eines
Schwellenwerts variiert.

11. Verfahren nach einem der Ansprüche 1-10, wobei
das Bestimmen des mindestens einen abgeleiteten
Parameter das Bestimmen einer Beschleunigungs-
frequenzverteilung der Bewegungsdaten umfasst;
und
das Bestimmen eines Beinahesturzes das Bestim-
men einer Unregelmäßigkeit des Gangs anhand der
Beschleunigungsfrequenzverteilung umfasst.

12. Vorrichtung zum Bestimmen von Gangunregelmä-
ßigkeit und Beinahestürzen eines Körpers, wobei die
Vorrichtung umfasst
einen Sensor (32), der wirksam mit dem Körper ver-
bunden ist und auf Bewegung des Körpers reagiert,
und
einen Prozessor (34), der:

Bewegungsdaten vom Sensor (32) empfängt;
die Bewegungsdaten verarbeitet, um einen Bei-
nahesturz wie folgt zu bestimmen:

a) Bestimmen mindestens eines abgeleite-
ten Parameters, beinhaltend einen maxi-
malen Beschleunigungswert, anhand der
Bewegungsdaten;
b) Vergleichen des maximalen Beschleuni-
gungswerts mit einem Schwellenwert, um
festzustellen, ob ein Beinahesturz aufgetre-
ten ist;
c) Reagieren auf den Beinahesturz durch
Protokollieren eines Eintrags des Beinahe-
sturz-Ereignisses, Fragen des Benutzers
mithilfe von Video oder Audio, Bitten des
Benutzers um Erhalt von mehr Informatio-
nen und/oder Kommunizieren mit einer an-
deren Partei hinsichtlich Hilfe (160), wenn
der Prozessor bestimmt hat, dass ein Bei-
nahesturz aufgetreten ist;

wobei die Vorrichtung dadurch gekennzeichnet
ist, dass
der Prozessor zum Bestimmen ausgelegt ist, dass
ein Beinahesturz aufgetreten ist, wenn der maximale
Beschleunigungswert den Schwellenwert über-
schreitet;

der Prozessor zum Bestimmen von Gangparame-
tern, umfassend mindestens einen der Schrittlänge,
der Schritt- oder Gangregelmäßigkeit und der Sym-
metrie der Schritte, anhand der Bewegungsdaten
(132, 134, 136) ausgelegt ist, wenn der Prozessor
bestimmt hat, dass ein Beinahesturz nicht aufgetre-
ten ist.

13. Vorrichtung nach Anspruch 12, wobei der Prozessor
sich in einer Entfernung zum Sensor befindet.

14. Vorrichtung nach Anspruch 13, weiterhin beinhal-
tend einen Funksender, der wirksam mit dem Sensor
verbunden ist, und einen Funkempfänger, der wirk-
sam mit dem Prozessor verbunden ist.
wobei der Sender und der Empfänger dazu ausge-
legt sind, das Empfangen von Bewegungsdaten vom
Sensor am Prozessor in Echtzeit zu ermöglichen.

15. Verfahren nach einem der Ansprüche 1-11, wobei
ein Beinahesturz erfasst wird, wenn mithilfe des Ver-
gleichs bestimmt wurde, dass ein Beinahesturz auf-
getreten ist.

16. Verfahren nach einem der Ansprüche 1-11, wobei
ein Beinahesturz mitgezählt wird, wenn mithilfe des
Vergleichs bestimmt wurde, dass ein Beinahesturz
aufgetreten ist.

Revendications

1. Procédé permettant de déterminer l’irrégularité de
la démarche et les chutes imminentes, le procédé
comprenant : la collecte de données de mouvement
(110) ;
la détermination au moyen d’un processeur (34) à
partir desdites données de mouvement d’au moins
un paramètre dérivé dont une valeur d’accélération
maximale ;
la comparaison au moyen du processeur de ladite
valeur d’accélération maximale à une valeur seuil
pour déterminer si une chute imminente s’est pro-
duite (130) ; et
la réponse à la chute imminente par la consignation
d’un enregistrement de l’événement de chute immi-
nente, l’envoi d’une invitation à l’utilisateur par un
affichage ou un son audible, la demande à l’utilisa-
teur d’obtenir plus d’informations et/ou la communi-
cation avec une autre partie pour assistance (160),
si le processeur a déterminé qu’une chute imminente
s’est produite ;
le procédé étant caractérisé en ce que :

ladite comparaison comprend la détermination
qu’une chute imminente s’est produite si ladite
valeur d’accélération maximale dépasse ladite
valeur seuil ;
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ledit procédé comprenant en outre la détermi-
nation par le processeur de paramètres de dé-
marche comprenant au moins un élément parmi
la largeur de pas, la régularité des pas ou de la
foulée et la symétrie entre les pas à partir des
données de mouvement (132, 134, 136), si le
processeur a déterminé qu’une chute imminen-
te ne s’est pas produite.

2. Procédé selon la revendication 1, ladite comparai-
son pour déterminer si une chute imminente s’est
produite comprenant en outre la mise en correspon-
dance du profil par rapport au temps des données
de mouvement avec un profil de référence.

3. Procédé selon la revendication 2, ladite mise en cor-
respondance classant les données de mouvement
comme présentant une chute, une chute imminente
ou une absence de celle-ci.

4. Procédé selon la revendication 2 ou 3, ledit paramè-
tre dérivé concernant le mouvement dans essentiel-
lement une direction verticale.

5. Procédé selon l’une quelconque des revendications
1 à 4,
ladite détermination à partir desdites données de
mouvement d’au moins un paramètre dérivé com-
prenant la détermination d’un second paramètre dé-
rivé,
ladite comparaison comprenant en outre la compa-
raison dudit second paramètre dérivé à une seconde
valeur seuil pour déterminer si une chute imminente
s’est produite.

6. Procédé selon l’une quelconque des revendications
1 à 4,
ladite détermination à partir desdites données de
mouvement d’au moins un paramètre dérivé com-
prenant la détermination d’une pluralité de paramè-
tres dérivés,
ladite comparaison comprenant la réalisation d’une
pluralité de comparaisons entre chaque paramètre
dérivé et une valeur seuil associée et
la consignation d’un enregistrement comprenant le
comptage d’une chute imminente si une majorité de
ladite pluralité de comparaisons indique une chute
imminente.

7. Procédé selon la revendication 6, ladite pluralité de
paramètres dérivés comprenant une dérivée d’ac-
célération maximale.

8. Procédé selon l’une quelconque des revendications
1 à 7, ladite valeur seuil étant une fonction mise à
jour en continu dudit paramètre dérivé.

9. Procédé selon l’une quelconque des revendications

1 à 8,
lesdites données de mouvement comprenant des
données d’accélération cyclique dont des pics ;
la détermination d’au moins un paramètre dérivé
comprenant la détermination à partir desdites don-
nées d’accélération de périodes entre lesdits pics ;
ladite chute imminente comprenant une irrégularité
de la démarche où une période entre lesdits pics
dépasse un seuil.

10. Procédé selon l’une quelconque des revendications
1 à 9,
lesdites données de mouvement comprenant des
données d’accélération cyclique, chaque cycle com-
prenant une forme de cycle ; et
ladite chute imminente comprenant une irrégularité
de la démarche où ladite forme de cycle varie au-
dessus d’un seuil.

11. Procédé selon l’une quelconque des revendications
1 à 10 :

ladite détermination dudit au moins un paramè-
tre dérivé comprenant la détermination d’un éta-
lement de fréquences d’accélération des don-
nées de mouvement ; et
ladite détermination d’une chute imminente
comprenant la détermination d’une irrégularité
de la démarche à partir dudit étalement de fré-
quences d’accélération.

12. Dispositif permettant de déterminer une irrégularité
de la démarche et les chutes imminentes d’un corps,
le dispositif comprenant :

un détecteur (32) relié fonctionnellement audit
corps et sensible au mouvement dudit corps et
un processeur (34) qui :

reçoit des données de mouvement prove-
nant dudit processeur (32) ;
traite lesdites données de mouvement pour
déterminer une chute imminente par :

a) la détermination à partir desdites
données de mouvement d’au moins un
paramètre dérivé dont une valeur d’ac-
célération maximale ; et
b) la comparaison de ladite valeur d’ac-
célération maximale à une valeur seuil ;
pour déterminer si une chute imminen-
te s’est produite ;
c) la réponse à la chute imminente par
la consignation d’un enregistrement de
l’événement de chute imminente, l’en-
voi d’une invitation à l’utilisateur par un
affichage ou un son audible, la deman-
de à l’utilisateur d’obtenir plus d’infor-
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mations et/ou la communication avec
une autre partie pour assistance (160),
si le processeur a déterminé qu’une
chute imminente s’est produite ;

le dispositif étant caractérisé en ce que :

ledit processeur est conçu pour déterminer
qu’une chute imminente s’est produite si la-
dite valeur d’accélération maximale dépas-
se ladite valeur seuil ; et
le processeur est conçu pour déterminer
des paramètres de démarche comprenant
au moins un élément parmi la largeur de
pas, la régularité des pas ou de la foulée et
la symétrie entre les pas à partir des don-
nées de mouvement (132, 134, 136), si le
processeur a déterminé qu’une chute immi-
nente ne s’est pas produite.

13. Dispositif selon la revendication 12, ledit processeur
se trouvant à distance dudit capteur.

14. Dispositif selon la revendication 13, comprenant en
outre un émetteur radio relié fonctionnellement audit
capteur et un récepteur radio relié fonctionnellement
audit processeur,
ledit émetteur et ledit récepteur étant conçus pour
permettre audit processeur de recevoir des données
de mouvement provenant dudit capteur en temps
réel.

15. Procédé selon l’une quelconque des revendications
1 à 11, dans lequel, si la comparaison a déterminé
qu’une chute imminente s’est produite, alors l’enre-
gistrement de la chute imminente.

16. Procédé selon l’une quelconque des revendications
1 à 11, dans lequel, si la comparaison a déterminé
qu’une chute imminente s’est produite, alors le
comptage de la chute imminente.
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