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Description
FIELD OF THE INVENTION

[0001] The invention relates to the field of lanyard de-
vices of e.g. personal emergency response systems.

BACKGROUND OF THE INVENTION

[0002] Tao, W. et al., Gait Analysis Using Wearable
Sensors, Sensors (Basel, Switzerland), ISSN
1424-8220, 2012,12(2):2255-2283,
doi:10.3390/s120202255, mentions the usage of flexible
goniometers to measure the relative rotation between
two human body segments in gait analysis, including
strain gauges, mechanical, flexible, inductive, and optical
fiber goniometers.

[0003] WO 2009/112281 A1 relates to an upper body
garment, comprising an apparatus for detection of the
orientation of at least one body segment integrated to
the garment.

[0004] EP 2087835 A1 relates to a fall detector com-
prising a necklace with a total length laying in a range of
thirty up to eighty centimeters.

[0005] US 2014/0077946 A1 relates to a personal
emergency response system that includes one or more
sensors to detect activities of a mobile object.

[0006] US 2014/0114142 A1 relates to a patient mon-
itor system including a pendant configured to be worn
around a neck of a patient.

[0007] WO2015/055439 A1 discloses a device for con-
verting a movement of a user into a voltage comprises a
neck cord, a piezoelectric sensor and a printed circuit
board. The neck cord is coupled to the piezoelectric sen-
sor and provides in use a pulling force that acts on the
piezoelectric sensor in a first direction. The printed circuit
board is electrically and mechanically coupled to the pi-
ezoelectric sensor. The weight of the printed circuit board
cause in use a gravity force to act on the piezoelectric
sensor in a second direction, which differs from the first
direction such that the movement of the user wearing the
neck cord causes a change in the shape of the piezoe-
lectric sensor which in response thereto generates the
voltage. The voltage may be used as a supply source for
an electrical component mounted on the PCB, or may be
used as a wake-up signal for an electrical component
such as a processor or an accelerometer.

[0008] US2009/185772 A1 discloses a patient moni-
toring system that includes a plurality of diffraction grat-
ings integrated along the length of an optical fiber, where-
in the optical fiber and each grating are together config-
ured to alter either the effective refractive index or grating
periodicity of the respective grating at its corresponding
location along the fiber in response to atleast one desired
external stimulus.
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SUMMARY OF THE INVENTION

[0009] It has been found that in the U.S.A., falls are a
major cause of injury among the elderly population.
[0010] It would be advantageous to achieve a device
and system that allows for an improved fall detection
and/or fall prevention. In particular, with regard to a per-
sonal emergency response system, it would be desirable
to improve detection of a fall of a person, or detection of
a period of non-activity.

[0011] Itwould also be advantageous to achieve a de-
vice and system that may contribute to improving wear
compliance of a lanyard device, e.g. a personal health
device, or a lanyard device of a personal emergency re-
sponse system. Naturally, wearing compliance is an im-
portantfactor in a personal emergency response system.
[0012] With regard to a personal device for monitoring
sport activities, it would be desirable to be able to auto-
matically recognize an activity of a person, e.g. lying,
sitting, standing, walking, running, going by bike. In par-
ticular, it would be desirable to be able to automatically
recognize a position or posture during (non-)activity for
better estimation or calculation of further parameters,
such as calorie expenditure.

[0013] To better address one or more of these con-
cerns, the invention, as defined by the appended claims,
comprises a personal lanyard monitoring system and a
method for recognizing a position of a flexible neck cord.
In a first aspect, a lanyard device is presented that com-
prises:

- a flexible neck cord; and
- atleastone strain sensor arranged for sensing strain
in the flexible neck cord.

[0014] A lanyard device with a flexible neck cord has
the advantage that it may be configured to be comfortable
to wear. In particular, and in contrast to a strain sensor
integrated in specific clothes, a lanyard device may be
provided independent of any clothes. Thus, it is made
possible to provide for a very lightweight device.

[0015] When the lanyard device is worn around the
neck by a person, it may assume a position that is deter-
mined by the shape of the neck and by the posture of the
person. In particular, the position will be different depend-
ing on whether the person is lying or standing. On the
other hand, when the lanyard device is not being worn,
the position may be still different. For example, the lan-
yard device may be used with a personal activity tracker
or a personal emergency response system.

[0016] When the lanyard device is worn around the
neck of a person, gravitational forces due to the weight
of the lanyard device and/or a pendant arranged on the
lanyard device may exerta stress on the neck cord, caus-
ing strain of the flexible neck cord. Moreover, when the
flexible neck cord may assume a position under the in-
fluence of gravity acting on the lanyard device, this may
be beneficial for detecting strain and relating a detected
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strain to a position or an activity. For example, strain is
sensed in at least one portion of the flexible cord.
[0017] For example, the sensed strain may comprise
strain induced by gravity pulling on a pendant attached
to the flexible neck cord.

[0018] For example, sensing the strain may allow for
distinguishing between a period in which sensed strain
varies, which may be associated with activity, and a pe-
riod of constant sensed strain, which may be associated
with non-activity, sedentary activity, or non-wearing of
the lanyard device. For example, sensing the strain in
the neck cord may allow for detecting activity of a person
wearing the lanyard device. For example, an activity like
walking may resultin a variation of strain in the neck cord.
On the other hand, when the lanyard device is lying mo-
tionless, the sensed strain will be constant. Forexample,
when the lanyard device is lying on a flat surface, e.g. a
table, the sensed strain will be about zero; that is, there
will be no strain.

[0019] In particular, sensing strain in the flexible neck
cord may allow for distinguishing a non-wearing state of
the lanyard device from a state associated with activity
of a person wearing the lanyard device. Thus, for exam-
ple, a system including the lanyard device may be con-
figured for detecting a non-wearing state of the lanyard
device. Thus, by outputting an alert signal or alert mes-
sage, a person may be reminded to put on the lanyard
device. Furthermore, a personal emergency response
system center may be alerted.

[0020] In particular, the lanyard device may be config-
ured for forming a closed loop to be worn around the neck
of a person. For example, the lanyard device forms a
closed loop. For example, the closed loop includes the
flexible neck cord or is formed by the flexible neck cord.
[0021] In some embodiments, the flexible neck cord
comprises at least two sensing elements of the at least
one strain sensor, the at least two sensing elements be-
ing arranged one after another at different positions along
the flexible neck cord, wherein the at least one strain
sensor is configured for outputting separate strain data
respectively corresponding to sensed strain of the atleast
two respective sensing elements.

[0022] Thus, strain may be sensed at different posi-
tions distributed along the flexible neck cord. Thus, sen-
sor readings of the at least two sensing elements are
provided by the at least one strain sensor. The separate
strain data may be combined to a strain distribution or
may be output by the sensor in form of a strain distribution
along the flexible neck cord. Thus, a spatial distribution
of strain over the at least two sensing elements, or strain
sensitive sections, of the flexible neck cord may be pro-
vided. For example, different postures or positions may
result in distinguishable elongation patterns, and, thus,
strain patterns, of the neck cord. Multiple sensing ele-
ments may provide for a good representation of the strain
distribution along the neck cord, or may allow for at least
monitoring important segments of the neck cord.
[0023] In some embodiments, the at least one strain
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sensor comprises at least one fiber optic strain sensor,
which, in the following, may also be called an optical fiber
strain sensor.

[0024] An optical fiber strain sensor is advantageous
in that it may be configured to be very lightweight, water-
proof, and have a very low power requirement. A light-
weight lanyard device is advantageous in that it may be
comfortably worn. This is may e.g. improve wearing com-
pliance in case of a personal emergency response sys-
tem. Waterproof configuration is advantageous in that it
allows for wearing the lanyard device even in the bath
room, where falls are common. A low power requirement
may have the advantage that e.g. a battery powered lan-
yard device may provide for a long lasting usability, be-
fore a battery would have to be replaced. A lightweight
and/or water proof configuration is also particularly ad-
vantageous for wearing during sports.

[0025] For example, the fiber optic strain sensor may
comprise at least one optical fiber, a light source for emit-
ting light into the at least one optical fiber, and a light
detector for detecting light output from the at least one
optical fiber. Infrared (IR) light may be advantageously
used. Forexample, the light source may comprise atleast
one light emitting diode (LED). The light source may be
arranged in the flexible neck cord orin a pendantattached
to the flexible neck cord.

[0026] For example, at least one optical fiber section
that forms a sensing element, i.e. a strain sensitive ele-
ment, of the at least one fiber optic strain sensor may be
arranged in the flexible neck cord. Thus, an optical fiber
may form or comprise at least one sensing element of
the respective strain sensor.

[0027] As a well known kind of optical fiber strain sen-
sor, there may be implemented an optical fiber having a
grating, e.g. a Bragg grating, adapted for reflecting a spe-
cific light wavelength, wherein the main reflection wave-
length is dependent on the grating interval, which chang-
es with the strain experienced by the optical fiber at the
position of the grating. Thus, the intensity of the reflected
light of a specific wavelength, as well as the intensity of
the transmitted light, varies dependent on the strain at
the grating. In particular, the magnitude an direction of a
shift of the main reflection wavelength is directly propor-
tional to the change in strain.

[0028] Thus, the at least one fiber optic strain sensor
may comprise at least one fiber Bragg grating based op-
tical sensor.

[0029] For example, the at least one fiber optic strain
sensor may comprise an optical fiber which comprises
at least two strain sensitive sections forming sensing el-
ements of the at least one fiber optic strain sensor, the
at least two strain sensitive sections being arranged one
after another at different positions along the flexible neck
cord, wherein the at least one fiber optic strain sensor is
configured for outputting separate strain data respective-
ly corresponding to sensed strain of the at least two re-
spective strain sensitive sections.

[0030] Thus, each of the at least one fiber optic strain
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sensor may comprise an optical fiber having such multi-
ple sections that are strain sensitive, wherein strain of
the respective sections may be separately detectable.
[0031] Thus, using one optical fiber, strain may be
sensed at different positions distributed along the flexible
neck cord. For example, the strain sensitive sections may
be responsive to different wavelengths of light, at a spe-
cific strain. Or, for example, the at least one fiber optic
strain sensor may be configured for sensing the time de-
lay of light reflected from a respective strain sensitive
section.

[0032] In some embodiments, the flexible neck cord
includes at least one optical fiber of the at least one fiber
optic strain sensor, and a protective cladding arranged
around the at least one optical fiber.

[0033] Forexample, the flexible neck cord may include
a light protective and/or water protective, i.e. water proof,
cladding.

[0034] In some embodiments, the lanyard device fur-
ther comprises a pendant attached to the flexible neck
cord. Preferably, the pendant is attached to the flexible
neck cord at a fixed position on the flexible neck cord.
When the pendant contributes to forming of a position of
the flexible neck cord when being worn around the neck
of a person, it is advantageous when the pendant has a
known position relative to the position of a sensing ele-
ment of the strain sensor.

[0035] Insomeembodiments, the lanyard device com-
prises: a pendant attached to the flexible neck cord, the
pendant comprising a power source of the at least one
strain sensor.

[0036] Thus, the weight of the power source may con-
tribute to forming of a position of the flexible neck cord
when being worn around the neck of a person.

[0037] Insomeembodiments, the lanyard device com-
prises: an electronic unit for obtaining strain data from
the atleast one strain sensor, wherein the electronic unit
is configured for at least one of:

- processing the strain data;

- wirelessly transmitting the strain data; and

- wirelessly transmitting data derived from the strain
data.

[0038] Forexample, the electronic unit may be or com-
prise a communication unit and/or a position recognition
unit.

[0039] For example, the electronic unit may be config-
ured for calculating personal activity data dependent on
the obtained strain data. For example, time of sports ac-
tivity may be determined, e.g. time of running, time of
walking, and/or estimation of calorie expenditure asso-
ciated with a period of activity may be calculated depend-
enton the obtained strain data, e.g. dependent on a time
series of recognized positions of the lanyard device.
[0040] Insomeembodiments, the lanyard device com-
prises:

a communication unit for wirelessly transmitting data de-
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rived from the sensed strain.

[0041] For example, strain data corresponding to the
sensed strain may be transmitted. In particular, for ex-
ample, separate strain data respectively corresponding
to sensed strain of the at least two respective sensing
elements or strain sensitive sections may be transmitted.
For example, the strain distribution may be transmitted.
[0042] For example, the communication unit may be a
transmitter. This is sufficient when the lanyard device is
not required to comprise a receiver.

[0043] Forexample, thelanyard device may comprise:
a portable wireless device coupled to the lanyard device
and arranged for obtaining data derived from the sensed
strain, the portable wireless device including a transmitter
for wirelessly transmitting the obtained data, e.g. strain
data.

[0044] For example, the portable wireless device may
form a pendant attached to the flexible neck cord.
[0045] Insome embodiments, the lanyard device com-
prises: a position recognition unit configured for

- comparing strain data obtained from the at least one
strain sensor to pre-determined strain data; and

- recognizing a position of the flexible neck cord in
dependence on a result of the comparison.

[0046] Comparing strain data to pre-determined strain
datamay include comparing magnitude of strain and may
include comparing position of strain, the position being
taken in a direction along the neck cord.

[0047] For example, the obtained strain data and the
pre-determined strain data each may comprise a spatial
pattern of strain, e.g. a spatial-temporal pattern of strain.
A spatial pattern of strain may also be termed a spatial
strain distribution.

[0048] For example, spatial patterns of sensed strain
may allow for distinguishing positions of the lanyard de-
vice and, in particular, the neck cord, which positions are
associated with predetermined spatial patterns of strain.
For example, more positions may be recognizable than
based on only a single sensed strain.

[0049] For example, more then one position may be
recognized, e.g. a series of positions. In particular, a se-
ries of positions may be recognized when the obtained
strain data includes a temporal pattern of strain, e.g. a
spatial-temporal pattern of strain.

[0050] For example, a recognized position may be in-
dicative of an activity or inactivity of a person wearing or
assumed to be wearing the lanyard device.

[0051] Saidrecognizing a position may be or comprise:
determining position data indicative of a position of the
flexible neck cord, in dependence on a result of the com-
parison.

[0052] Possible examples of recognized positions of
the lanyard device may include:

- non-wearing, steady-state, e.g. flat position, associ-
ated with non-wearing state of low strain or strain
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distribution of low strain values, in particular uniform
distribution of low strain;

- wearing, hanging from neck position, associated
with wearing state of characteristic strain or charac-
teristic strain distribution.

[0053] Herein, a position associated with non-wearing
of the lanyard device is called a non-wearing position.
[0054] For example, the pre-determined strain data
may include:

- pre-determined strain data associated with the lan-
yard device lying flat; and

- pre-determined strain data associated with the lan-
yard device being worn around a neck of a person
standing upright.

[0055] However, the position recognition unit may be
comprised in the lanyard device, or in a communicator
remote form the lanyard device.

[0056] In a second aspect of the invention, a personal
lanyard monitoring system is presented that comprises:

a lanyard device comprising:

- aflexible neck cord;

-  atleast one strain sensor arranged for sensing
strain in the flexible neck cord; and

- acommunication unit for wirelessly transmitting
data derived from the sensed strain,

wherein the personal lanyard monitoring system fur-
ther comprises:

- acommunicator remote from the lanyard device,

wherein the communicator comprises a receiving
unit for wirelessly receiving data from the communi-
cation unit of the lanyard device.

[0057] In some embodiments, at least one of the lan-
yard device and the communicator comprises: a position
recognition unit configured for

- comparing strain data obtained from the at least one
strain sensor to pre-determined strain data; and

- recognizing a position of the flexible neck cord in
dependence on a result of the comparison.

[0058] Advantageous features of examples of the po-
sition recognition unit have been described above with
respect to a position recognition unit of a lanyard device.
[0059] Based on a recognized position of the flexible
neck cord, or on a variation in time of the recognized
position, an activity of a person wearing the neck cord
may be deduced. A variation in time of a recognized po-
sition may be evaluated in the form of a time sequence
of recognized positions.
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[0060] In some embodiments of the personal lanyard
monitoring system, atleast one of the lanyard device and
the communicator comprises: an activity determining unit
configured for

- determining an activity in dependence on a result of
acomparison of strain data obtained from the at least
one strain sensor to pre-determined strain data.

[0061] Determining an activity may comprise determin-
ing inactivity, i.e. absence of activity, such as lying still
or sitting/standing.

[0062] For example, activities to be determined may
include: physical activity such as moving, e.g. walking,
or relative inactivity such as standing or sitting.

[0063] For example, the activity determining unit may
be configured for comparing strain data obtained from
the at least one strain sensor to pre-determined strain
data.

[0064] For example, the activity determining unit may
comprise the position recognition unit. For example, the
comparison step of the activity determining unit may be
performed by the position recognition unit. For example,
the activity determining unit may be configured for deter-
mining an activity that is associated with a recognized
position of the flexible neck or a recognized series of
positions of the flexible neck.

[0065] For example, the atleast one of the lanyard de-
vice and the communicator may comprise memory for
storing strain data obtained from the at least one strain
sensor, and/or for storing recognized positions.

[0066] For example, the data derived from the sensed
strain that is transmitted by the communication unit of
the lanyard device may comprise:

- strain data, for example a spatial and/or temporal
pattern of sensed strain,

- position data, for example at least one recognized
position recognized by a position recognition unit of
the lanyard device,

- activity data, for example at least one activity deter-
mined by an activity determining unit of the lanyard
device.

[0067] In some embodiments, the strain data and the
pre-determined strain data both comprise a at least one
respective spatial and/or temporal pattern of strain.
[0068] In other words, the respective at least one pat-
tern may be one of: a spatial pattern of strain, a temporal
pattern of strain, and a spatial-temporal pattern of strain.
The strain data obtained from the at least one strain sen-
sor may comprise: a spatial pattern of sensed strain, a
temporal pattern of sensed strain, and a spatial-temporal
pattern of sensed strain. The pre-determined strain data
may comprise: spatial patterns of strain, temporal pat-
terns of strain, and spatial-temporal patterns of strain.
[0069] For example, temporal or spatial-temporal pat-
terns of sensed strain may allow for distinguishing activ-
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ities associated with predetermined temporal or spatial-
temporal patterns of strain. For example, more activities
may be recognizable than based on only a single tem-
poral instance of sensed strain or a spatial pattern of
sensed strain.

[0070] In some embodiments, at least one of the lan-
yard device and the communicator comprises: a fall de-
tection unit configured for:

- detecting a fall of a person presumably wearing the
lanyard device in dependence on a result of a com-
parison of strain data obtained from the at least one
strain sensor to pre-determined strain data.

[0071] Forexample, the fall detection unit may be con-
figured for comparing strain data obtained from the at
least one strain sensor to pre-determined strain data.
[0072] For example, detecting a fall may be based on
at least one recognized position of the flexible neck cord
or at least one detected activity.

[0073] Forexample, detecting a fall may be performed
in dependence on a recognized position or series of po-
sitions.

[0074] For example, a fall may be assumed when a
constant time sequence of recognized positions of a spe-
cific duration is detected. The constant time sequence
may correspond to a non-activity state of a person pre-
sumably wearing the lanyard device. In particular, a fall
may be assumed when a sudden change of position of
the lanyard device is followed by a non-motion state. This
may allow for detecting if a person wearing the lanyard
device met with an accident or fell down.

[0075] In some embodiments, at least one of the lan-
yard device and the communicator comprises: a non-
wearing determining unit configured for:

- determining a non-wearing state of the lanyard de-
vice in dependence on a result of a comparison of
strain data obtained from the at least one strain sen-
sor to pre-determined strain data associated with
non-wearing of the lanyard device.

[0076] Thus, monitoring of wearing compliance may
be performed.

[0077] For example, the non-wearing determining unit
may be configured for comparing strain data obtained
from the at least one strain sensor to pre-determined
strain data associated with non-wearing of the lanyard
device.

[0078] Forexample, atleast one of the position recog-
nition unit, the activity detection unit, and the fall detection
unit may comprise the non-wearing detection unit.
[0079] For example, determining a non-wearing state
may be performed in dependence on a recognized posi-
tion or series of positions. For example, the non-wearing
determining unit may determine a non-wearing state
based on at least one recognized position of the flexible
neck cord. That at least one position may be a non-wear-
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ing position, for example a position in which the lanyard
device is lying flat.

[0080] For example, parts of the position recognition
unit, the activity determining unit, the fall detection unit,
and/or the non-wearing determining unit may be distrib-
uted among the lanyard device and the communicator.
For example, position recognition may be performed at
the lanyard device, whereas determining an activity in
dependence on a recognized position or series of posi-
tions may be performed at the communicator.

[0081] For example, the communicator may comprise
an emergency alertunit adapted for transmitting an emer-
gency alert to an emergency response center in case a
fall has been detected. Transmitting an emergency alert
may comprise performing a telephone call via a tele-
phone line or via mobile communication.

[0082] In some embodiments, at least one of the lan-
yard device and the communicator is configured for ini-
tializing at least one personal wearing strain pattern
based on strain data obtained from the at least one strain
sensor, and storing the at least one personal wearing
strain pattern as a part of pre-determined strain data.
[0083] Thus, in later comparisons, the personal wear-
ing strain pattern may be compared to current strain data
obtained from the at least one strain sensor.

[0084] Thus, after initialization, the pre-determined
strain data may comprise a personalized wearing pattern
based on the shape of the neck of a user and. Since
different people might wear the neck cord differently and
may have a unique neck circumference or neck shape,
initialization of a personal wearing strain pattern allows
for improving later detection of a specific strain pattern
or position of the neck cord. Thus, recognizing of a po-
sition, determining an activity, etc. may be improved.
[0085] Thus, for example, a wearing pattern associat-
ed with a user wearing the neck cord around the neck in
a posture such as a standing position may be initialized.
[0086] Initializing may comprise re-initializing or cali-
brating the personal wearing strain pattern.

[0087] In particular, initializing at least one personal
wearing strain pattern may comprise: obtaining at least
one wearing strain pattern based on sensed strain in a
state of the neck cord being worn around the neck of an
individual user, and defining at least one personal wear-
ing strain pattern based on the obtained at least one
wearing strain pattern. For example, a personal wearing
strain pattern may be initialized to an obtained wearing
strain pattern, or to an averaged strain pattern of multiple
obtained wearing strain patterns.

[0088] The initializing may also be implemented in a
stand-alone lanyard device.

[0089] In a third aspect of the invention, there is pro-
vided a method of recognizing a position of a flexible neck
cord of a lanyard device, the method comprising:

- sensing strain in the flexible neck cord;
- obtaining strain data corresponding to the sensed
strain;
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- comparing the obtained strain data to pre-deter-
mined strain data; and

- recognizing a position of the flexible neck cord in
dependence on a result of the comparison.

[0090] Forexample,the method may be part of a meth-
od of monitoring a lanyard device.

[0091] In a fourth aspect of the invention, there is pro-
vided a method of monitoring a lanyard device, the meth-
od comprising:

- sensing strain in the flexible neck cord;

- obtaining strain data corresponding to the sensed
strain; and

- comparing the obtained strain data to pre-deter-
mined strain data,

wherein the method comprises at least one of:

- recognizing a position of the flexible neck cord in
dependence on a result of the comparison,

- determining an activity in dependence on a result of
the comparison,

- detecting a fall of a person presumably wearing the
lanyard device in dependence on a result of the com-
parison, and

- determining a non-wearing state of the lanyard de-
vice in dependence on a result of the comparison.

[0092] In the above mentioned methods, for example,
the steps may be performed recurrently.

BRIEF DESCRIPTION OF THE DRAWINGS

[0093] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.

[0094] In the drawings:

Fig. 1 schematically shows a personal lanyard mon-
itoring system;

Fig. 2 schematically shows a cross-section of a neck
cord;

Fig. 3 shows a block diagram of the system of Fig. 1;
Fig. 4 schematically shows examples of strain pat-
terns;

Fig. 5 schematically shows a method of initialization
of a lanyard device system; and

Fig. 6 schematically shows a method of monitoring
a lanyard device of the system.

DETAILED DESCRIPTION OF EMBODIMENTS

[0095] Fig. 1 shows a personal lanyard monitoring sys-
tem having a lanyard device 10 and a communicator 60
remote from the lanyard device 10. The lanyard device
10 is configured to be worn around the neck of a person
and has a flexible neck cord 12 that forms a closed loop
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thatmay e.g. have alength of 30 cm to 60 cm. The lanyard
device 10 has a pendant 14 attached to the lanyard de-
vice. The pendant 14 is attached at a fixed position of
the neck cord 12.

[0096] The lanyard device 10 includes a fiber optic
Bragg grating strain sensor 30 having an optical fiber 32.
A light source 34 in form of an infrared (IR) LED and a
light detector 36 are coupled to the optical fiber 32. The
optical fiber 32 includes multiple strain sensitive sections
38 which comprise Bragg gratings 40 responsive to re-
spective IR wavelengths. The multiple strain sensitive
sections 38 or Bragg gratings 40 are arranged one after
another at different positions along the flexible neck cord
12 and form respective sensing elements of the sensor
30. The fiber optic Bragg grating strain sensor 30 is a
reflection type fiber optic strain sensor. The light detector
36 is configured to selectively detect light reflected by
the Bragg gratings 40 of the respective strain sensitive
sections 38 for selectively sensing an amount of strain
at the strain sensitive sections 38. The sensor 30 is con-
figured for outputting a strain pattern comprising separate
strain data respectively corresponding to sensed strain
of the respective strain sensitive sections 38.

[0097] A power source 42, e.g. a battery, of the sensor
30 is accommodated in the pendant 14, as well as an
electronic unit 50 for receiving the output of the sensor 30.
[0098] Fig. 2 shows a cross-section of the neck cord
12. The neck cord 12 includes the optical fiber 32, a pro-
tective cladding 44 arranged around the optical fiber 32,
and a soft textile cladding 46 woven around the fiber optic
sensor wire 32, 44 for improving wearing convenience.
The optical fiber 32 is fixedly attached to the pendant 14
or the cladding 44 or 46 at least at both ends of the ex-
tension of the optical fiber 32 over the strain sensitive
sections 38 along the loop of the neck cord 12. This may
improve the response of the strain sensor 30 to strain
acting on the neck cord 12. For example, the optical fiber
32 may be directly attached to the pendant 14, to com-
ponents inside the pendant 14, and/or attached to the
pendant 14 through a mediating member, such as the
cladding 44, 46.

[0099] Fig. 3 shows a block diagram of the personal
lanyard monitoring system. The electronic unit 50 of the
pendant 14 includes a position recognition unit 52 and a
wireless communication unit 54. The position recognition
unit 52 receives strain data, in particular, strain patterns,
from the strain sensor 30. By comparing a received strain
pattern to pre-determined strain patterns pre-stored in a
memory 56, the position recognition unit 52 recognizes
a current position of the neck cord 12 that is associated
with a selected one of the pre-determined strain patterns
that closely resembles the current strain pattern.

[0100] Fig. 4 shows examples A, B, C of pre-deter-
mined strain patterns. The patterns are for illustrative pur-
poses. The graphs show strain e versus position x along
the neck cord.

[0101] The strain pattern of example A is associated
with a non-wearing position and has uniform, low strain
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values ea corresponding to the instrinsic strain of the
neck cord, e.g. due to tensile strength in the cord material
itself.

[0102] The strain pattern of example B is associated
with a wearing position when worn around the neck of a
person sitting or standing. It has medium strain values
eb1 at positions that are assumed to at least partly rest
onthe neck, and high strain values eb2 at positions where
the weight of the pendant 14 pulls on the neck cord in a
straight line. in example B, friction or resistance of the
garment and/or the body of a person wearing the lanyard
device is assumed to reduce the effect of the pendant’s
weight.

[0103] The strain pattern of example C is associated
with a non-wearing position and has uniform, high strain
values ec corresponding to a neck cord suspended from
a structure that has less width than a person’s neck, such
as ahook oramedium part of a coat hanger. Forexample,
ec > eb2, since friction is assumed to be absent.
[0104] In general, strain patterns may be pre-deter-
mined for various positions and coded in the memory 56
in advance.

[0105] In Fig. 4, a position of x=0 corresponds to a
position opposite to the pendant 14, which position may
e.g. be assumed at the back side of the neck of a person
wearing the lanyard device 10.

[0106] Returning to Fig. 3, position data 58 including
the recognized position and a time stamp is transmitted
by the wireless communication unit 52 to a receiving unit
62 of the communicator 60.

[0107] Overtime, a series of strain patterns are derived
from the respective current sensed strain of the strain
sensitive sections 38 of sensor 30, together forming a
spatial-temporal pattern of strain. The position recogni-
tion unit 52 thus outputs a time series of position data 56
(recognized positions and associated time stamp).
[0108] The communicator 60 includes a memory 64
for storing the received position data. Thus, over time, a
series of position data may accumulate in the memory
64. For example, the memory 64 may be operated in a
rolling manner for keeping the latest position data of a
covered time span.

[0109] The communicator 60 includes an activity de-
termining unit 70 which, based on the current and previ-
ous position data, determines a presumed activity of a
person currently wearing the lanyard device 10.

[0110] Forexample, fluctuating positions or strain pro-
files of the lanyard device may be associated with phys-
ical activity like walking.

[0111] The communicator 60 further includes a fall de-
tection unit 72 which, based on the current and previous
position data, detects a fall of a person presumably wear-
ing the lanyard device 10.

[0112] The communicator 60 further includes a non-
wearing determining unit 74 which, based on the current
and previous position data, determines a non-wearing
state of the lanyard device 10.

[0113] For example, pre-determined strain profiles
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may be associated with different positions such as sitting,
standing, walking, sleeping, falling, non-wearing etc.. A
relation between pre-determined strain profiles and ac-
tual positions of the lanyard device being worn by a spe-
cific user may e.g. be obtained from user trials in a cali-
bration step.

[0114] The communicator 60 further includes a sign-
aling unit 80 configured for sending an emergency signal
or alert to a personal emergency response center, and
for locally outputting a signal to a user.

[0115] The described position recognition, activity de-
termining, and/or fall detection may further be based on
output of further sensors, such as an accelerometer, a
pressure sensor, a skin contact resistance sensor ac-
commodated in the pendant 14 or the neck cord 12 of
the lanyard device 10. For example, measured skin con-
tact resistance may contribute to distinguish a non-wear-
ing state from inactivity while wearing the lanyard device.
[0116] Fig. 5shows stepsof amethod for personalizing
a wearing strain pattern, which may be performed at the
time of installing a personal lanyard device system. The
method comprises step S02 of sensing strain atthe sens-
ing elements of sensor 30, step S04 of obtaining strain
data from sensor 30, step S06 of initializing a personal
wearing strain pattern based on the obtained strain data,
and step S08 of storing the personal wearing strain pat-
tern as a part of pre-determined strain data.

[0117] Fig. 6 shows steps of a method of monitoring
the lanyard device 10, which may, for example, include
the above personalizing method before step S10. The
method comprises step S10 of sensing strain atthe sens-
ing elements of sensor 30, step S12 of obtaining strain
data from sensor 30, and step S14 of comparing the ob-
tained strain data to pre-determined strain data. Based
on the result of the comparison, the position recognition
unit 52 may perform step S16 of recognizing a position
of the lanyard device, the fall detection unit 72 may per-
form step S18 of detecting a fall, the non-wearing deter-
mining unit 74 may perform step S22 of detecting a non-
wearing state, and/or the activity determining unit 70 may
perform step S26 of determining an activity. In case a fall
is detected, step S20 of outputting an alert signal or mes-
sage to the personal emergency response center is per-
formed. In case a non-wearing state is determined, this
is signalized by the communicator locally and/or to the
personal emergency response center.

[0118] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art in practicing the
claimed invention, from a study of the drawings, the dis-
closure, and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a
plurality. The mere fact that certain measures are recited
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in mutually different dependent claims does not indicate
that a combination of these measures cannot be used to
advantage. Any reference signs in the claims should not
be construed as limiting the scope.

Claims

1.

A personal lanyard monitoring system comprising:
a lanyard device (10) comprising:

- a flexible neck cord (12);

- at least one strain sensor (30) arranged
for sensing strain in the flexible neck cord;
and

a communication unit (54) for wirelessly trans-
mitting data derived from the sensed strain; and
a communicator (60) remote from the lanyard
device, wherein the communicator comprises a
receiving unit (62) for wirelessly receiving data
from the communication unit (54) of the lanyard
device;

wherein at least one of the lanyard device and
the communicator comprises:

- a position recognition unit (52) configured
for

- comparing strain data obtained from
the at least one strain sensor (30) to
pre-determined strain data; and

- recognizing a position of the flexible
neck cord (12) in dependence on a re-
sult of the comparison.

The lanyard device of claim 1, wherein the flexible
neck cord (12) comprises at least two sensing ele-
ments (40) of the at least one strain sensor (30), the
at least two sensing elements being arranged one
after another at different positions along the flexible
neck cord, and

wherein the at least one strain sensor (30) is config-
ured for outputting separate strain data respectively
corresponding to sensed strain of the at least two
respective sensing elements (40).

The lanyard device of claim 1 or 2, wherein the at
least one strain sensor (30) comprises at least one
fiber optic strain sensor.

The lanyard device of claim 3,

wherein the at least one fiber optic strain sensor (30)
comprises an optical fiber (32) which comprises at
least two strain sensitive sections (38) forming sens-
ing elements of the at least one fiber optic strain sen-
sor, the at least two strain sensitive sections being
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10.

arranged one after another at different positions
along the flexible neck cord (12), and

wherein the at least one fiber optic strain sensor (30)
is configured for outputting separate strain data re-
spectively corresponding to sensed strain of the at
least two respective strain sensitive sections.

The lanyard device of any one of claims 1 to 4, further
comprising:

- a pendant (14) attached to the flexible neck
cord (12), the pendant comprising a power
source (42) of the at least one strain sensor (30).

The personal lanyard monitoring system of claim 1,
wherein at least one of the lanyard device and the
communicator comprises:

- an activity determining unit (70) configured for
- determining an activity in dependence on a re-
sult of a comparison of strain data obtained from
the at least one strain sensor (30) to pre-deter-
mined strain data.

The personal lanyard monitoring system of any one
of claims 1 to 6,

wherein at least one of the lanyard device and the
communicator comprises:

- a fall detection unit (72) configured for:

- detecting a fall of a person presumably wearing
the lanyard device (10) in dependence on a re-
sult of a comparison of strain data obtained from
the at least one strain sensor (30) to pre-deter-
mined strain data.

The personal lanyard monitoring system of any one
of claims 1to 7

wherein at least one of the lanyard device and the
communicator comprises:

- anon-wearing determining unit (74) configured
for:

-determining a non-wearing state of the lan-
yard device (10) in dependence on a result
of acomparison of strain data obtained from
the at least one strain sensor (30) to pre-
determined strain data associated with non-
wearing of the lanyard device.

The personal lanyard monitoring system of any one
of claims 1 to 8, wherein the strain data and the pre-
determined strain data both comprise at least one
respective spatial and/or temporal pattern of strain.

The personal lanyard monitoring system of any one
of claims 1 to 9,
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wherein at least one of the lanyard device and the
communicator is configured for initializing at least
one personal wearing strain pattern based on strain
data obtained from the at least one strain sensor
(30), and storing the at least one personal wearing
strain pattern as a part of pre-determined strain data.

A method of recognizing a position of a flexible neck
cord of a lanyard device, the method comprising:

- sensing strain in the flexible neck cord (S10);
- obtaining strain data corresponding to the
sensed strain (S12);

- comparing the obtained strain data to pre-de-
termined strain data (S14); and

- recognizing a position of the flexible neck cord
in dependence on a result of the comparison
(S16).

12. The method according to claim 11 further comprising

at least one one of:

- determining an activity in dependence on a re-
sult of the comparison,

- detecting afall of a person presumably wearing
the lanyard device in dependence on a result of
the comparison, and

- determining a non-wearing state of the lanyard
device in dependence on a result of the com-
parison.

Patentanspriiche

1.

Personliches Umhangebandiiberwachungssystem,
umfassend:

eine Umhéangebandvorrichtung (10), umfas-
send:

- eine flexible Umhangekordel (12);

- mindestens einen Dehnungssensor (30),
der zum Erfassen einer Dehnung in der fle-
xiblen Umhangekordel angeordnet ist; und

eine Kommunikationseinheit (54) zum drahtlo-
sen Senden von Daten, die aus der erfassten
Dehnung abgeleitet werden; und

einen Kommunikator (60) fern von der Umhan-
gebandvorrichtung, wobei der Kommunikator
eine Empfangseinheit (62) zum drahtlosen
Empfangen von Daten von der Kommunikati-
onseinheit (54) der Umhangebandvorrichtung
umfasst;

wobei mindestens eines von der Umhénge-
bandvorrichtung und dem Kommunikator um-
fasst:
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10

- eine Positionserkennungseinheit (52), die
konfiguriert ist zum

- Vergleichen von Dehnungsdaten, die
von dem mindestens einen Dehnungs-
sensor (30) erhalten werden, mit vor-
bestimmten Dehnungsdaten und

- Erkennen einer Position der flexiblen
Umhangekordel (12) abhangig von ei-
nem Ergebnis des Vergleichs.

Umhangebandvorrichtung nach Anspruch 1, wobei
die flexible Umhangekordel (12) mindestens zwei
Erfassungselemente (40) des mindestens einen
Dehnungssensors (30) umfasst, wobei die mindes-
tens zwei Erfassungselemente nacheinander an
verschiedenen Positionen entlang der flexiblen Um-
hangekordel angeordnet sind, und

wobei der mindestens eine Dehnungssensor (30)
konfiguriert ist, getrennte Dehnungsdaten auszuge-
ben, die jeweils einer erfassten Dehnung der min-
destens zwei Erfassungselemente (40) entspre-
chen.

Umhangebandvorrichtung nach Anspruch 1 oder 2,
wobei der mindestens eine Dehnungssensor (30)
mindestens einen faseroptischen Dehnungssensor
umfasst.

Umhangebandvorrichtung nach Anspruch 3,

wobei der mindestens eine faseroptische Deh-
nungssensor (30) eine Lichtleiterfaser (32) umfasst,
die mindestens zwei dehnungsempfindliche Ab-
schnitte (38) umfasst, die Erfassungselemente des
mindestens einen faseroptischen Dehnungssensors
bilden, wobei die mindestens zwei dehnungsemp-
findlichen Abschnitte nacheinander an verschiede-
nen Positionen entlang der flexiblen Umhangekordel
(12) angeordnet sind, und

wobei der mindestens eine faseroptische Deh-
nungssensor (30) zum Ausgeben getrennter Deh-
nungsdaten konfiguriert ist, die jeweils einer erfass-
ten Dehnung der mindestens zwei dehnungsemp-
findlichen Abschnitte entsprechen.

Umhangebandvorrichtung nach einem der Anspru-
che 1 bis 4, weiter umfassend:

einen Anhanger (14), der an der flexiblen Umhan-
gekordel (12) befestigt ist, wobei der Anhanger eine
Energiequelle (42) des mindestens einen Deh-
nungssensors (30) umfasst.

Persénliches Umhangebandiiberwachungssystem
nach Anspruch 1,

wobei mindestens eines von der Umhangebandvor-
richtung und dem Kommunikator umfasst:

- eine Aktivitatsbestimmungseinheit (70), die
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konfiguriert ist zum

- Bestimmen einer Aktivitdt abh&ngig von einem
Ergebnis eines Vergleichs von Dehnungsdaten,
die von dem mindestens einen Dehnungssen-
sor (30) erhalten werden, mit vorbestimmten
Dehnungsdaten.

Personliches Umhangebandiiberwachungssystem
nach einem der Anspriiche 1 bis 6,

wobei mindestens eines von der Umhangebandvor-
richtung und dem Kommunikator umfasst:

- eine Sturzerfassungseinheit (72), die konfigu-
riert ist zum:

- Erfassen eines Sturzes einer Person, die ver-
mutlich die Umhangebandvorrichtung (10) tragt,
abhéangig von einem Ergebnis eines Vergleichs
von Dehnungsdaten, die von dem mindestens
einen Dehnungssensor (30) erhalten werden,
mit vorbestimmten Dehnungsdaten.

Personliches Umhangebandiiberwachungssystem
nach einem der Anspriiche 1 bis 7,

wobei mindestens eines von der Umhangebandvor-
richtung und dem Kommunikator umfasst:

- eine Nicht-Trage-Bestimmungseinheit (74),
die konfiguriert ist zum:

- Bestimmen eines Nicht-Tragezustands der
Umhangebandvorrichtung (10) abhdngig von
einem Ergebnis eines Vergleichs von Deh-
nungsdaten, die von dem mindestens einen
Dehnungssensor (30) erhalten werden, mit vor-
bestimmten Dehnungsdaten, die mit einem
Nicht-Tragen der Umhangebandvorrichtung
verknUpft sind.

Personliches Umhangebandiiberwachungssystem
nach einem der Anspriiche 1 bis 8, wobei die Deh-
nungsdaten und die vorbestimmten Dehnungsdaten
beide mindestens ein entsprechendes raumliches
und/oder zeitliches Dehnungsmuster umfassen.

Personliches Umhangebandiiberwachungssystem
nach einem der Anspriiche 1 bis 9,

wobei mindestens eines von der Umhangebandvor-
richtung und dem Kommunikator konfiguriert ist zum
Initialisieren mindestens eines persdnlichen Trage-
dehnungsmusters basierend auf Dehnungsdaten,
die von dem mindestens einen Dehnungssensor
(30) erhalten werden, und Speichern des mindes-
tens einen persénlichen Tragedehnungsmusters als
Teil von vorbestimmten Dehnungsdaten.

Verfahren zum Erkennen einer Position einer flexib-
len Umhangekordel einer Umhangebandvorrich-
tung, das Verfahren umfassend:
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- Erfassen einer Dehnung in der flexiblen Um-
hangekordel (S10);

- Erhalten von Dehnungsdaten entsprechend
der erfassten Dehnung (S12);

- Vergleichen der erhaltenen Dehnungsdaten
mit vorbestimmten Dehnungsdaten (S14); und
- Erkennen einer Position der flexiblen Umhan-
gekordel abhangig von einem Ergebnis des Ver-
gleichs (S16).

12. Verfahrennach Anspruch 11, weiterumfassend min-

destens eines von:

- Bestimmen einer Aktivitdt abhangig von einem
Ergebnis des Vergleichs,

- Erfassen eines Sturzes einer Person, die ver-
mutlich die Umhangebandvorrichtung tragt, ab-
hangig von einem Ergebnis des Vergleichs und
- Bestimmen eines Nicht-Tragezustands der
Umhangebandvorrichtung abhangig von einem
Ergebnis des Vergleichs.

Revendications

Systéme de surveillance de cordon personnel
comprenant :

un dispositif de cordon (10) comprenant :

- un cordon de cou flexible (12) ;

- au moins un capteur de contrainte (30)
agencé pour détecter une contrainte dans
le cordon de cou flexible ; et

une unité de communication (54) pour transmet-
tre sansfildes données déduites de la contrainte
détectée ; et

un dispositif de communication (60) distant du
dispositif de cordon, dans lequel le dispositif de
communication comprend une unité de récep-
tion (62) pour recevoir sans fil des données pro-
venant de I'unité de communication (54) du dis-
positif de cordon ;

dans lequel au moins 'un du dispositif de cordon
et du dispositif de communication comprend :

- une unité de reconnaissance de position
(52) configurée pour

- comparer les données de contrainte
obtenues a partir du au moins un cap-
teur de contrainte (30) a des données
de contrainte prédéterminées ; et

- reconnaitre une position du cordon de
cou flexible (12) en fonction d’un résul-
tat de la comparaison.
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Dispositif de cordon selon la revendication 1, dans
lequel le cordon de cou flexible (12) comprend au
moins deux éléments de détection (40) du au moins
un capteur de contrainte (30), les au moins deux
éléments de détection étant disposés I'un apres
l'autre a différentes positions le long du cordon de
cou flexible, et

dans lequel le au moins un capteur de contrainte
(30) est configuré pour délivrer en sortie des don-
nées de contrainte séparées correspondant respec-
tivement a une contrainte détectée des au moins
deux éléments de détection respectifs (40).

Dispositif de cordon selon la revendication 1 ou 2,
dans lequel le au moins un capteur de contrainte
(30) comprend au moins un capteur de contrainte a
fibre optique.

Dispositif de cordon de sécurité de la revendication
3,

dans lequel le au moins un capteur de contrainte a
fibre optique (30) comprend une fibre optique (32)
qui comprend au moins deux sections sensibles a
une contrainte (38) formant des éléments de détec-
tion du au moins un capteur de contrainte a fibre
optique, les au moins deux sections sensibles a une
contrainte étant disposées les unes apreés les autres
a différentes positions le long du cordon de cou flexi-
ble (12), et

dans lequel le au moins un capteur de contrainte a
fibre optique (30) est configuré pour délivrer en sortie
des données de contrainte séparées correspondant
respectivement a la contrainte détectée des au
moins deux sections sensibles a une contrainte res-
pectives.

Dispositif de cordon de sécurité selon I'une quelcon-
que des revendications 1 a4, comprenant en outre :

- un pendentif (14) fixé au cordon de cou flexible
(12), le pendentif comprenant une source d’ali-
mentation (42) du au moins un capteur de con-
trainte (30).

Systeme de surveillance de cordon personnel selon
la revendication 1,

dans lequel au moins I'un du dispositif de cordon et
du dispositif de communication comprend :

- une unité de détermination d’activité (70) con-
figurée pour

- déterminer une activité en fonction d’'un résultat
d’'une comparaison de données de contrainte
obtenues a partir du au moins un capteur de
contrainte (30) avec des données de contrainte
prédéterminées.

7. Systéme de surveillance de cordon personnel selon
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10.

1.

I'une quelconque des revendications 1 a 6,
dans lequel au moins I'un du dispositif de cordon et
du dispositif de communication comprend :

- une unité de détection de chute (72) configurée
pour :

- détecter une chute d’une personne censée por-
ter le dispositif de cordon (10) en fonction du
résultat d’'une comparaison de données de con-
trainte obtenues a partir du au moins un capteur
de contrainte (30) avec des données de con-
trainte prédéterminées.

Systéme de surveillance de cordon personnel selon
I'une quelconque des revendications 1 a7
dans lequel au moins I'un du dispositif de cordon et
du dispositif de communication comprend :

- une unité de détermination sz non-port (74)
configurée pour :

- détermination d’un état de non-port du dispo-
sitif de cordon (10) en fonction d’'un résultat
d’'une comparaison de données de contrainte
obtenues a partir du au moins un capteur de
contrainte (30) a des données de contrainte pré-
déterminées associées au non-port du dispositif
de cordon.

Systéme de surveillance de cordon personnel selon
I'une quelconque des revendications 1 a 8, dans le-
quel les données de contrainte et les données de
contrainte prédéterminées comprennent toutes
deux au moins un motif de contrainte spatial et/ou
temporel respectif.

Systéme de surveillance de cordon personnel selon
I'une quelconque des revendications 1 a 9,

dans lequel au moins un du dispositif de cordon et
du dispositif de communication est configuré pour
initialiser au moins un motif de contrainte de port
personnel sur la base de données de contrainte ob-
tenues a partir du au moins un capteur de contrainte
(30), et pour stocker le au moins un motif de con-
trainte de port personnel en tant que partie des don-
nées de contrainte prédéterminées.

Procédé de reconnaissance de la position d’un cor-
don de cou flexible d’'un dispositif de cordon, le pro-
cédé comprenant les étapes consistant a :

- détecter une contrainte dans le cordon de cou
flexible (S10) ;

- obtenir des données de contrainte correspon-
dant a la contrainte détectée (S12) ;

- comparer les données de contrainte obtenues
a des données de contrainte prédéterminées
(S14) ; et

-reconnaitre une position du cordon de cou flexi-
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ble en fonction d’un résultat de la comparaison
(S16).

12. Procédé selon la revendication 11, comprenant en
outre au moins une parmi :

- la détermination d’'une activité en fonction d’'un
résultat de la comparaison,

- la détection d’'une chute d’une personne cen-
sée porter le dispositif de cordon en fonction
d’un résultat de la comparaison, et

- la détermination d’'un état de non-port du dis-
positif de cordon en fonction d’un résultat de la
comparaison.
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