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A Vital Signs Detecting Device And A Method For Detecting Vital Signs

FIELD.OF INVENTION

The present invention relates broadly fo a vital signs detecting device and a
method for detecting vital signs.

BACKGROUND

Breathing rate/heart beat rate/body movement are typical vital signs parameters
used in clinical monitoring of patients, Heart and lung diseases typically affect breathing
rate/heart beat rate. It may also be desired to know the body movement of bed ridden
patients within a specific period of fime. Therefore, monitoring of these vital signs
parameiers can be a significant diaghostic method in planning of medical care,

Electrical sensors have typically been used for monitoring of the parameiers. For
example, US 2007/0008156 describes using piezoelectric sensors, However, it has been
recognized that elecirical sensors are not sensitive enough to distinguish between, for
example, shallow breathing and no. breathing. In addition, electrical sensors are typically
prone io electromagnetic interference (EMI), which can be a significant problenﬁ in
certain clinical examinations, e.g.,, during magnetic resonance imaging (MRI)
examinations.

As an alternative, use of optical fiber sensors has been explored. Opiical fiber
sensors are inherently immune from electromagnetic interferencé and are chemically
inert. In “Optical fibre sensors embedded into medical textiles for heathcare monitoring”,
IEEE Sensor J. 8 (7), 1215-1222, 2008, Griliet et al used a macrobending sensor. The
sensor is a single mode fiber in a belt form for measuring respiratory rate. Although the
interrogation is relatively simple and requires only low cost and compact components, a
macrobending sensor typically has low sensitivity such that even if such a sensor is
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-embedded within a bed, it is typically difficult to detect chest wall movement during

breathing. The differences between macrobending and microbending in optical fibers is
established. Macrobending typically causes light to leak out of a fiber due to
macroscopic deviations of the fiber's axis from a straight fine. On the other hand,
microbending is typically due to mechanical stress on a fiber that introduces local
discontinuities which can resuli in light leaking fromthe core of the fiber fo a cladding via
mode coupling. In US patent No. 6,498,652, although an optical phase interferometry-
based fibre optic sensor was found to have higher sensitivity, the sensor system used is
complex, leading to cost increases that may inhibit practical impiementation. Griliet et al
also tested fibre Bragg grating (FBG)-based sensors and opiical time-domain
reflectometer (OTDR)-based sensors for breathing rate measurement. However, it has
been found that both such sensing systems are too complex and expensive,

In "A smart bed for non-intrusive monitoring of patient physiological factors”,
Meas. Sci, Technol. 15, 1614-1620, 2004, Spiliman et al proposed using a fibre optic
stafistical mode (STM) sensor and a high order mode excitation (HOME) sensor for
breathing rate/heart beat measurements, However, it has been found that these sensors
require highly coherent light sources and a bulky high order mode generator. In
“Application of long period grating sensors to respiratory function monitoring”, Proc.
SPIE | 5588, 148-156,2004, Allsop et al used .2 long period grafing-based sensor o
monitor breathing rate., However, it has been found that the system is oo complex and
expensive. In "Monitoring of the Heartbeat Sounds using an Optical Fiber Bragg Grating
Sensor’, IEEE Sensor conference, pp 306-308, 2008, Gurkan et al proposed using a
FBG sensor for heart beat measurement. It has been found that although a FBG sensor-
based system has relatively good sensitivity, the sysiem cost is significantly high.

‘Therefore, there exists a need for a'vita! signs detecting device and a method
for detecting vital signs that seek {o address at ieast one of the probiems.

SUMMARY
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In accordance with an aspect of the present invention, there is provided a
vital signs detecting device, the device comprising a detection unit; a multimode
optical fiber configured to be connected to a light source and to the detection unit; a
mechanical structure configured for receiving a pressure exerted by a person's body
as a result of one or more of a group consisting of a movement of the person’s body,
a respiratory action of the person’s body and a heart beat action of the person’s
body and to cause microbending of the multimode optical fiber under the exerted
pressure and; wherein the multimode optical fiber is disposed between first and
second sets of microbending elements of the mechanical structure substantially in a
direction of the exerted pressure. When the pressure is exerted to the mechanical
structure, the first set of microbending elements and the second set of microbending
elements are configured to be interlinked so as to cause the microbending of the

multimode optical fiber disposed therebetween.

The first set of microbending elements may be comprised in a first layer of
the mechanical structure and the second set of microbending elements may be
comprised in a second layer and further wherein the multimode optical fiber may be

disposed between the first and second layers.

The first and second layers may each comprise a mesh-like structure.

The mechanical structure may be interwoven with the multimode optical fiber
such that the first set of microbending elements may be disposed on a top surface of
the multimode optical fiber and the second set of microbending elements may be

disposed on a bottom surface of the multimode optical fiber.
The mechanical structure may comprise a mesh-like structure.
The device may further comprise the light source for inputting light into the

multimode optical fiber and the detection unit may comprise a light detection unit for

detecting light modulation in the multimode optical fiber.
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The device may further comprise a mirror attached to the multimode optical

fiber at one end thereof for reflecting light to the other end of the optical fiber.
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The device may further comprise a 1x2 fiber coupler for connecting the light
source and the light detection unit to the multimode optical fiber at said other end of the

optical fiber.

The device may further comprise a 1x2 fiber coupler connected to the
multimode optical fiber at one end thereof, the 1x2 fiber coupler configured for

redirecting light to the other end of the optical fiber.

The device may further comprise a second 1x2 fiber coupler for connecting the
light source and the light detection unit to the multimode optical fiber at said other end of

the optical fiber.

The detection unit may be adapted for determining at least a heart rate of the
person based on light intensity variations caused by bending losses induced by the

microbending.

The detection unit may comprise a signal processing unit.

The signal processing unit may be configured to extract information of at
least one of a group consisting of heart beat rate, breathing rate and body

movement.

The body movement information may be extracted based on a signal

deviation tracking process implemented in the signal processing unit.

For an application associated with breathing, the breathing rate information

may be extracted based on a signal filtering process and at least one process
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selected from a group consisting of peak detection, valley detection, amplitude
detection, Fast Fourier Transform and Wavelet analysis, the processes being

implemented in the signal processing unit.

For an application associated with heart beat, the heart beat rate information
may be extracted based on a signal filtering process and at least one process
selected from a group consisting of peak detection, valley detection, amplitude
detection, Fast Fourier Transform and Wavelet analysis, the processes being

implemented in the signal processing unit.

The signal processing unit may comprise a display function for displaying the

extracted information.

The signal processing unit may have an alarm function implemented thereon

for activating an alarm based on the extracted information.

In use, the multimode optical fiber and the mechanical structure may function

as a fiber mode converter.

In accordance with another aspect of the present invention, there is provided
a method for detecting vital signs, the method comprising providing a detection unit;
connecting a multimode optical fiber to a light source and to the detection unit;
providing a mechanical structure for receiving a pressure exerted by a person's body
as a result of one or more of a group consisting of a movement of the person’s body,
a respiratory action of the person’s body and a heart beat action of the person’s
body and to cause microbending of the multimode optical fiber under the exerted
pressure; wherein the multimode optical fiber is disposed between first and second
sets of microbending elements of the mechanical structure substantially in a
direction of the exerted pressure, and wherein the first set of microbending elements
and the second set of microbending elements are configured to be interlinked, when
the pressure is exerted to the mechanical structure, so as to cause the microbending

of the multimode optical fiber disposed therebetween.
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The first set of microbending elements may be comprised in a first layer of

the mechanical structure and the second set of microbending elements may be
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comprised in a second layer and further wherein the multimode optical fiber may be

disposed between the first and second layers.

The first and second layers may each comprise a mesh-like structure.

The mechanical structure may be interwoven with the multimode optical fiber
such that the first set of microbending elements may be disposed on a top surface of
the multimode optical fiber and the second set of microbending elements may be

disposed on a bottom surface of the multimode optical fiber.

The mechanical structure may comprise a mesh-like structure.

The method may further comprise inputting light into the multimode optical

fiber and detecting light modulation in the multimode optical fiber.

The method may further comprise attaching a mirror to the multimode optical

fiber at one end thereof for reflecting light to the other end of the optical fiber.

The method may further comprise using a 1x2 fiber coupler for connecting the
light source and a light detection unit to the multimode optical fiber at said other end of

the optical fiber.

The method may further comprise connecting a 1x2 fiber coupler to the
multimode optical fiber at one end thereof, the 1x2 fiber coupler configured for

redirecting light to the other end of the optical fiber.

The method may further comprise using a second 1x2 fiber coupler for
connecting the light source and a light detection unit to the multimode optical fiber at

said other end of the optical fiber.
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The method may further comprise determining at least a heart rate of the
person based on light intensity variations caused by bending losses induced by the

microbending.

The method may further comprise extracting information of at least one of a
group consisting of heart beat rate, breathing rate and body movement from the light

intensity variations.

The body movement information may be extracted based on a signal

deviation tracking process.

For an application associated with breathing, the breathing rate information
may be extracted based on a signal filtering process and at least one process
selected from a group consisting of peak detection, valley detection, amplitude

detection, Fast Fourier Transform and Wavelet analysis.

For an application associated with heart beat, the heart beat rate information
may be extracted based a signal filtering process and at least one process selected
from a group consisting of peak detection, valley detection, amplitude detection, Fast

Fourier Transform and Wavelet analysis.

The method may further comprise displaying the extracted information.

The method may further comprise activating an alarm based on the extracted

information.

The multimode optical fiber under the exerted pressure may function as a

fiber mode converter.
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In accordance with another aspect of the present invention, there is provided
a data storage medium having computer code means stored thereon for instructing a
computing device to execute a method for vital signs detection, the method
comprising the steps of receiving an optical signal from a multimode optical fiber;
and determining at least a heart rate of a person based on light intensity variations
caused by bending losses induced by a mechanical structure configured for
receiving a pressure exerted by the person's body and to cause microbending of the
multimode optical fiber under the exerted pressure, wherein the multimode optical
fiber is disposed between first and second sets of microbending elements of the
mechanical structure substantially in a direction of the exerted pressure, and
wherein the first set of microbending elements and the second set of microbending
elements are configured to be interlinked, when the pressure is exerted to the
mechanical structure, so as to cause the microbending of the multimode optical fiber

disposed therebetween.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent

to one of ordinary skill in the art from the following written description, by way of

example only, and in conjunction with the drawings, in which:

Figure 1 is a schematic diagram illustrating a sensor mat in an example

embodiment.

Figure 2 is a schematic diagram showing a microbending multimode fiber under

deformation in an example embodiment.

Figure 3 is a schematic diagram illustrating a sensor system in an example

embodiment.
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Figure 4 is a schematic block diagram for illustrating processing of a modulated

signal in a sensor device of an example embodiment.

Figure 5 is a schematic flow chart illustrating a work flow of a sensing device in

5 an example embodiment.
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Figure 6 is a schematic diagram illusirating a sensor system in an example
embodiment. '

Figure 7 is a schematic diagram illustrating a sensor system in an example

- @mbodiment,

Figure 8 is a top view picture illustrating an example of a mesh-like structure
section of a sensor mat in an example embodiment.

Figure 9(a) is a schematic diagram illustrating a sensor system in an example
embodiment,

Figure 9(b) is a picture illustrating polyester fiber layer interwoven with a
muliimode opfical fiber in an example embodiment.

Figure 10 is an example freguency spectrum graph .showing a measured
breathing signal in an example embodiment.

Figure 11 is an example frequency spectrum graph showing a measured heart

beat signal in an example embodiment.

Figure 12 is a frequency spectrum measurement of a heart beat signaj of a first
person in an example embodiment.

Figure 13 is a frequency spectrum measurement of a heart beat signal of a
second person in an example embodiment.

* Figure 14 is a schematic flowchart illustrating a method for detecting vital signs
in an example embodiment.

Figure 15 is a schematic flowchart illustrating a method for vital signs
detection in an example embodiment.
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Figure 16 is a schematic diagram of a computer system for implementing a
method and system of an example embodiment,

Figure 17 is a schematic flowchart iliustrating a ﬁethod for detecting vital
signs in an example embodiment.

DETAILED DESCRIPTION

In an example embodiment, a vital signs detecting/sensing device is provided.
The device comprises a fiber opiic sensor mat and an interrogator for vital signs
measurement, The sensor mat is configured such that a top and a bottom layer each
comprises large area mesh-like struciures which are made of polyester fiber. The sensor
mat further comprises a-section of a muitimode optical fiber disposed in between the top
and bottom layers. The interrogator comprises a light source, a detector, and a signal
processing unit. The interrogator further comprises a display and an alarm funciion for
reporiing and/or alerting users to the measurement.

in the example embodiment, the section of multimode optical fiber is embedded
in between two polyesier fiber sheets with large area mesh-like structures. The polyester
mesh-iike structures provide protection to the multimode optical fiber. In addition, the
mesh-like structures form a mechanical structure for creating a microbending sffect on
the multimode optical fiber. The mechanical structure can receive a pressure exeried by
a person’s body as a result of one or more of a group consisiing of a movement of
the person's body, a respiratory action of the person’s body and a heart beat action
of the person’s body and can cause microbending of the multiméde opiical fiber under
the exerted pressure. Thus, in the example embodiment, the multimode optical fiber is
disposed between first and second sets of microbending elements of the mechanical
sfructure substantially in a direction of the exerted pressure. In this example
embodiment, the first set of microbending elements are comprised in the top layer of the
sensor mat and the second set of microbending elements are comprised in the bottorn
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layer of the sensor mat. In the example embodiment, using the described sensor mat,
measurement of breathing rate is not sensitive to body movement, or car movement if
the sensor mat is installed in a moving car.

In the example embodiment, bending losses due to the microbending effect can
be monitored for extracting information. Further, the device can advantageously be
adapted to determine heart beat rate,

Furthermore, by disposing the mulfimode optical fiber between first and second
sets of microbending elements of the mechanical structure, the microbending effect

achievabie can be increased. This can provide advantages over a configuration

providing bending elements acting on only one side of a fiber such as a configuration
with an optical fiber disposed on a layer of microbending elements.

in a microbend fiber optic sensor, mechanical perturbation of a mulimode fiber
waveguide causes a redistribution of light power among the modes in the fiber. The
more severe the mechanical perturbation or bending, the more light is coupled to higher
order modes or even radiation modes and is lost. A microbend fiber optic sensor is a
light intensity sensor and light intensily decreases with mechanical bending. |

Figure 1 is a schematic diagram illusirating a sensor mat 100 in an example
embodiment. A section of multimode oplical fiber 102 is embedded betwesn mesh-like
structures 104, 106. Light is input (at numeral 108) into one end of the multimode opfical
fiber 102 and extracted (at numeral 110) from another end of the multimode optical fiber
102. The mesh-like siructures 104, 106 can create a microbending effect on the section
of multimede optical fiber 102. When the sensor mat 100 is used, movement such as
breathing related chest movement or heartbeat related movement can be detected via

the created microbending effect and the resultant light extracted (at numeral 110). Thus,

in the example embodiment, light is modulated via the microbending effect when there is
e.g. breathing/heart beating imparted to the sensor mat 100,
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It will be appreciated that Figure 1 shows an embodiment without a user lying on
the sensor mat. In use, for example when a user is lying on the sensor mat 100, the
mesh-like structures 104, 106 interlink due to the user lying on the sensor mat 100 and
the section of multimode opfical fiber 102 is bent. Thus, the configuration of the
structures 104, 106 and the .section of multimode optical fiber 102 functions as a fiber
mode converter. A fiber mode converter can stabilize modes propagating in the
multimode optical fiber 102 by bending the oplical fiber 102 that causes efficient mode
coupling. There are a plurality of modes propagated in the multimode optical fiber 102
and any external perturbations on the opfical fiber 102 can cause a redistribution of
modal power. When the multimode optical fiber 102 is bent, light transmitted along the
optical fiber 102 may atienuate. The bending losses in the multimode fiber 102 can be
used 1o obtain desired information. For example, when the muliimode opfical fiber 102 is
imposed with curvature bends, the light loss increases with the number of bending
lengths and as the bending radius decreases.

Figure 2 is a schematic diagram 200 showing a microbending ‘multimode fiber
201 under deformation in an example embodiment. The microbending multimode fiber
201 comprises a cladding 202 and a buffer layer 204 that surrounds the cladding 202.

The cladding 202 surrounds the fiber core 208. In the example embodiment, the
- . - . X ﬁmmo
opfimized sensor ‘sensifivity can be obtained based on the eguation A=~—NZ—— for

2
step-index fibers, or A = il

for graded-index fibers, where A is critical periodicity of

fiber deformation, n, is the refractive index of the core, a is the core radius, and NA is the
numerical aperture.

Figure 3 is @ schematic diagram illustrafing a sensor device/system 300 in an
example embodiment. The system 300 comprises a top polyester fiber layer 302 and a
bottom. polyester fiber tayer 304. The layers 302, 304 each comprise a mesh-like
structure that can streich over a large area. The system 300 further comprises a
multimode optical fiber section 306 disposed between the layers 302, 304. The system
300 further comprises a detection unit 307. The detection unit in this embodiment
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comprises fiber connectors or splicing joints 308, 310 for connecting the section 308 to
optical fibers 312, 314 respectively. The optical fibers 312, 314 can each be a muliimode
optical fiber or a single mode optical fiber. The optical fiber 312 is connected to a light
source 316 and the opfical fiber 314 is connected to a light detector 318 of the detection
unit 307. The light detector 318 is connected to an ampilifier 319 that is in turn connected
{o a signal processing unit 320 of the detection unit 307. The signal processing unit 320
comprises display and alarm functions for reporting vital signs parameters.

In the example embodiment, the mesh-like structures from layers 302, 304 form
a mechanical structure for creating a microbending effect on the multimode optical fiber
section 308. The mechanical structure can recéive a pressure exerted by a person's
body as a result of one or more of a group consisting of a movement of the person's
body, a respiratory action of the person's body and a heart beat acfion of the
person’s body and can cause microbending of the multimode optical fiber under the
exerted pressure. Thus, in the example embodiment, the multimode opiical fiber is
disposed between first and second sets of microbending elements of the mechanical
structure substantially in a direction of the exerted pressure. in the example
embodiment, the first set of microbending elements are comprised in the top fayer 302
and the second set of microbending elements are comprised in the bottom layer 304.,

in the exampie embodiment, the multimode optical fiber section 306 can
comprise glass optical fiber, plasiic optical fiber or other types of suitable optical fibers.

_in the example embodiment, the light source 318, the light detector 318, the
ampiifier 319 and the signal processing unit 320 make up an inferrogator unit 322. The
polyester fiber layers 302,304 and the multimode optical fiber section 306 make up a
sensor mat 324.Light from the fight source 316 can be input throuéh the fiber connector
308 into the seciion 308 of the sensor mat 324, The light source 316 can be a laser, a
light emitting diode (LED) or any other broad band or narrow band light source. The light
detector 318 is used to convert optical signals obtained from the optical fiber 314 to
electronic signals. The electronic signals are then ampiified in the ampilifier 319. Data
acquisition and analysis are performed by the signal processing unit 320.



10

15

20

25

30

14

In use, a periodic difference in pressure exerted by & subject on the sensor mat
324, due to e.g. breathing and/or heart beating, modulates light prdpagaﬁng along the
multimode optical fiber section 306. For example, when a subject's back of body is
placed on the sensor mat 324, the light is modulated according fo the subject's
movement. Information relating to breathing rate/heart beat/body movement can be
obtained/detected by exiraciing and processing of the modulated light, extracted at the
light detéctor 318 and transmitted into the signal processing unit 320.

in the example embodiment, the microbending effect is created by the mesh-like
structure on each polyester fiber layer 302, 304, Fabrication of the sensor mat 324 is
relative easy, The sensor mat 324 can be-placed beiween a bed shest and a matiress. it
can also be embedded within a bed sheet or matiress. For seat applications, the sensor
mat 324 can be placed in the back of a seat.

It will be appreciated that addifional covers may be added respectively io
polyester fiber layers 302, 304 for more robust protection,

Figure 4 Is a schematic block diagram for illustrating processing of a modulated
signal in a sensor device of an example embodiment. An amplified extracted modulated
signal from a light detecior is obtained (compare light detector 318 and amplifier 319 of

-Figure 3). The signal is transmitted into fwo types of filtering, shown schematically in
. blocks 404 and 406, The filtering 404 is used o eliminate noises attached to breathing

signals while the filtering 406 to efiminate noises attached to heart beat signals. The
filtering 404 may be achieved by processes such as but not limited to averaging,
smoothing and low pass fillering. The filtering 408 may be achieved by processes such
as but not limited to averaging, smoothing, subtracting, compreésing and band pass
filtering.

Before a body movement pattern is extracied from the signal obtained from the

light detector, deviation tracking is carried out at block 408. The tracking at block 408
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checks with respect to a reference signal obtained initially to determine if any body
movement has been induced by a user on a sensor mat of the sensor device.

in the example embodiment, three different extractions, i.e. ,bfeathing information
at block 410, heart beat information at block 412, and body movement information at
block 414 are performed on the conditioned signals (i.e. resulting from blocks 404, 4086 -
and 408 as shown) to obtain vital signs parameters. For example, the breathing
information 410 can be obtained by peak/valley/amplitude detection or by Fast Fourier
Transform or Wavelet analysis. The heart beat information 412 can be obtained by
peak/valleyfamplitude detection or by Fast Fourier Transform or Wavelst analysis.
Subsequently, the extracted information may be further computed in block 416 to obtain
inteuigen’& information (e.g. changes in rates, comparison, alarms, efc.). The information
can be fransmitted thereafter for different applications. For applications associated with
breathing information only, blocks 408, 412, 408, 414 can be exciuded. For appiications
associated with heart beat information only, blocks 404, 410, 408, 414 can be excluded.
For applications associated with body movement information only, blocks 408, 412, 404,
410 can be excluded.

For example, heart beat rate and breathing rate can be displayed in a display to
keep observers informed on vital signs of a subject. In an event if breathing has ceased,
a signal processing unit (compare signal processing unit 320 in Figure 3) can trigger an
alarm to alert other persons so that intervention can be introduced as soon as possible.

Further, computed information at biock 416 can be sent via 3G or wireless fidelity
(WIF1) networks in real time so that observers can keep track of the information while the
subject can be at any part of the world where the sensor device is installed,

Figure 5 is a schematic flow chart illustrating & work flow of a sensing device in
an example embodiment. The work flow may be implemented, for example, using a
computer program executable by a computer processor in the sensing device.
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At step 502, the work flow begins. At step 504, a referencing process is carried
out so that idiing characteristics of modulated light detected by a light detector of the
sensing device is siored in a memory of the sensing device. The references or reference
signals are used to determine if there is any user lying on a sensor of the sénsing device
ornot. in addition, the reference signals are also be usad to determine if the user has left

the sensor or not.

At step 508, the signal detected from the light detector is used io check if the
user is lying on the sensor. When there is no user lying on the sensor, computation is
not carried out so most of activities of the sensing device is shut down. Once a user is
confirned to be lying on the sensor, a signal generated by the light detecior is
continuously used to compute heart beat rate, breathing rate and/or body movement,

At step 508, when a user is detected lying on the sensor in which detected light is
modulated by the user, filtering applications and deviation tracking for body movement

detection are carried out {o obtain a patiern. Compare blocks 404, 406, 408 of Figure 4.

At step 510, the extraction of breathing/heart beat/body movement information is

~ performed fo obtain a useful signal. At step 512, computation is carried out on the signal

from the light detecior so that more useful applications such as activating an atarm can
be friggered If desired. The applications can include storing useful data for further
reference, sending information wirelessly via 3G/WIF! networks, displaying information
that is useful for an cbserver in a display etc. Compare block 416 of Figure 4.

It will be appreciated that after the user has been detected lying on the sensor,
heart beat rate, breathing rate and/or body movement information is not immediately
available for displaying on a dispiay as there is typically not enougﬁ'samp}es to produce
reliéble information. At step 514, after an interval, the computed breathing rate, heart
beat rate and/or body movement information can be shown on a display panel for a
user's viewing. For example but not by way of limitation, an interval can range from a
few seconds to about 60 seconds. The body movement information can for example be
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movement patterns, number of body movements within a period of fime, identification of
alarming or erratic movements within a short period of time.

At step 516, information from step 514 is used to detect whether there is 2 bed
sore symptom in the user. For example, if it is detected that the user is not showing any
movement or only minor movements from one position in a time period of for example

- about 2 hours, there is a danger that the user may develop a bed sore. If a bed sore

symptom is detected, at step 518, a bed sore alarm is triggered so that intervention can
be carried out on the user. At step 520, information from step 514 is used to detect
whether there is a slesp apnea symptom in the user. For example, if it is detected that .
the user has stopped breathing temporarily, there is a danger ‘that the user may be
having sleep apnea. If a sleep apnea symptom is de’récted, at step 522, an apnea alarm
is triggered so that intervention can be carried out on the user. It will be appreciated that
additional functions can aiso be implemented depending on requiremenits,

At step 524, information is continuously read from the light detecior and
computation is carried out continuously until the user has left the sensor.

After the user leaves the sensor, the work flow loops back o step 506 and the
computation stops running. The computation starts running again when a user is
detected to be lying onthe sensor, -

Figure 8 is a schematic diagram illusirating a sensor device/system 800 in an
example embodiment. The system 600 comprises a top polyester fiber layer 802 and &
bottom  polyester fiber layer 804. The layers 602, 604 sach comprise a mesh-like
structure 4hat can strefch over a large area, The system 600 further comprises a
multimode optical fiber section 808 disposed between the layers 602, 804, and a fiber
connector or splicing joint 808 for connecting the section 808 to an optical fiber 810. The
system further comprises a 1x2 fiber coupler 612. The fiber coupler 612 connects the
optical fiber 610 to an optical 'ﬁber 614 and also connects the optical fiber 610 fo a
detector 618. The detector 616 is connected to an ampiifier 617. The optical fibers 610,
814 can each be a muliimode optical fiber or a single mode optical fiber. The optical fiber
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614 is connected to a light source 818, The detector 616 via the ampiifier 617 is
connected to a signal processing unit 620. The signal processing unit 620 comprises
display and alarm functions for reporting vital signs parameters.

In the example embodiment, the system 600 further comprises a mirro} 822
connected/attached to the section 606 for reflecting light traveling in the section 606
propagating from the light source 618 back to the detector 616.

in the exampie embodimeni, the multimode optical fiber section 606 can
comprise glass optical fiber, plastic optical fiber or other types of suitable optical fibers.

Figure 7 is a schematic diagram illustrating a sensor device/system 700 in an
example embodiment. The system 700 comprises a top polyester fiber layer 702 and a
bottom polyester fiber layer 704. The layers 702, 704 each comprise a mesh-like
structure that can strefch over a large area. The sysiem 700 further comprises a
mulfimode opfical fiber section 706 disposed between the layers 702, 704, and a fiber
connector ot splicing joint 708 for connecting the section 7086 to an optical fiber 710. The
sysiem further comprises a 1x2 fiber coupler 712. The fiber coupler 712 connects the
optical fiber 710 1o an optical fiber 714 and also connects the optical fiber 710 to a
detecior 716. The detector 716 is connected to an amplifier 717. The optical fibers 710,
714 can each be a muliimode optical fiber or a single mode oplical fiber. The oplical fiber
714 is connected to a light source 718. The detector 716 via the amplifier 717 is
connected o a signal processing unit 720. The signal processing unit 720 comprises
display and alarm functions for reporiing vital signs parameters.

in the example embodiment, the system 700 further comprises a 1x2 coupler 722
{having its two ouiput ends joined together) connected to the seét'son 706 for reflecting
light traveling in the section 708 propagating from the light source 718 back to the
detéctor 718.

in the example embodiment, the multimode optical fiber section 708 can
comprise glass optical fiber, plastic optical fiber or other types of suitable optical fibers.
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Figure 8 is a top view picture illustrating an example of a mesh-like structure

‘ section of a sensor mat in an example embodiment. The holes 802, 804 in "_che mesh can

be square, rectangie' or other shapes. The pitch of the mesh can range from a few
hundred microns to a few millimeters although it can be smaller or larger. Preferably, if a
large-area mesh structure is used, a multimode optical fiber with a longer length can be
easily used to cover a subject body area while the sensifivity of the sensor mat can also
be increased due to a longer interaction length with the subject,

Figure 9(a) is a schemaitic diagram illustrating a sensor device/system 900 in an
example embodiment, The system 900 comprises a ‘potyes‘terﬂber layer 902 interwoven
with a multimode optical fiber 904. The system 900 further comprises a fiber connector
or splicing joint 906 for connecting the muliimode opfical fiber 804 to an optical fiber 808.
The system further comprises a 1x2 fiber coupler 810. The fiber coupler 810 connects
the optical fiber 808 1o another optical fiber 812 and also connects the optical fiber 808
to a detector 914. The detector 914 is connected to an amplifier 815. The optical fibers
908, 912 can each be a muliimode optical fiber or a single mode optical fiber. The opiical
fiber 912 is connected to a light source 8916, The detector 914 viathe amplifier 915 is
connecied to a signal processing unit 918. The signal processing unit 818 comprises
display and alarm-functions for reporting vital signs parameters.

in the example embodiment, the system 800 further comprises a mirror 920
connecied fo the multimode optical fiber 904 for reflecting light fraveling inthe multimode
opiical fiber 804 propagating from the light source 916 back to the detector 914,

In the example embodiment, the fiber laysr 802 forms a mechanical structure for
creating a microbending effect on the multimode optical fiber §04. The mechanical
struciure can receive a pressure exerted by a person’'s body as a result of one or more
of a group consisting of a movement of the person’s body, a respiratory action of the
person's body and a hesart beat action of the person's body and can cause
microbending of the multimode optical fiber under the exerted pressure. Thus, in the
example embodiment with the fiber layer 902 interwoven with the multimode optical fiber
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804, the multimode optical fiber 904 is disposed between first and second sets of
microbending elements of the mechanical structure substantially in a direction of the
exerted pressure. In-the example embodiment, the first set of microbending elements
are disposed on a fop surface of the multimode optical fiber (compare numeral 924
of Figure 9(b)) and the second set of microbending elements are disposed on a
botiom surface of the multimode optical fiber (compare numerais 926, 828 of Figure
9(b)).

In the example embodiment, the multimode optical fiber 804 can comptise glass
optical fiber, plastic optical fiber or other types of suitable opfical fibers.

in use, the polyester fiber layer 902 interwoven with the multimode optical fiber
904 functions as a fiber mode converter.

Figure 9(b) is a picture illustrating a polyester fiber layer interwoven with a
muliimode opical fiber in an example embodiment. The polyester fiber layer interwoven
with the muliimode optical fiber forms a fiber mode converter (FMC). In the exampile
embodiment, ‘@ section of a multimode opiical fiber 822 and polyester fibers parts 924,
926, 828 are weaved fogether fo form the FMC. The pitch of the FMC: can be, for
example but not by way of limitation, about 1 mm to a few millimeters. The muliimode
optical fiber 822 can comprise glass fiber, plastic fiber or other optical fibers. A top and
bottom kéyer cover can be used to protect the FMC struciure of Figure 8(b), to form a
sensor mat by using conventional molding and sealing methods.

The FMC is a device for stabilizing modes propagating in the multimode opiical
fiber 822 by bending the optical fiber 922 that causes efficient mode coupling. There are
a plurality of modes propagated in the multimode optical fiber 922 and any external
periurbations on the opiical fiber 822 can cause a redistribution of modal power. When
the multimode optical fiber 822 is bent, light transmitted along the opfical fiber 822 may
attenuate. Bending losses in mulimode fibers can-be used to obtain desired information.
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For example, when the muliimode opfical fiber 822 is imposed with curvature
bends, the light loss increases with the number of bending lengths and as the bending
radius decreases. .

Furthermore, by disposing the multimode opfical fiber between first and second
sets of microbending elements of the mechanical structure, the microbending effect
achievable can 'be increased. This can provide advantages over a configurafion
providing bending elements acting on 6nly one side of a fiber such as a configuration
with an optical fiber disposed on a layer. of microbending elements.

Figure 10 is an example frequency specirum graph showing a measured

‘breathing signal in an example embodiment. The breathing signal is measured from a

user when the user is sitting down on =& chair and when a sensor mat is placed on the
user's back. The graph shows that the user is breathing at a frequency of about 0.2Hz.
in other words, the breathing rate is about 12 times per minute.

Figure 11 is an exampie frequency spectrum graph showing a measured heart
beat signal in an exampie embodiment. The heart beat sighal is measured from a user
when a sensor mat is placed on the user's back. The graph shows that the heart beat
signal is at a frequency of between about 1.1 to 1.2Hz (about 1.17Hz). in other words,

the heart beat rate is about 70 beats per minute.

Figure 12 is a frequency spectrum measurement of a heart beat signal of a first
person in an example embodiment. Figure 13 is a frequency spectrum measurement of
a heart beat signal of a second person in an example embodiment. The signals were
measured from the first and second persons while the persons were sitiing down on
chairs and with sensor mats placed onthe back rests against the bersons’ backs. It can
be seen that the both ‘peréons’ heart beat signals were measured correctly. From Figure
12, the frequency with peak amplitude measured is about 1.03 Hz. This was about
81.8587 heart beats per minute (heart beat rate shown on -the Figure 12 at numeral
1202). From Figure 13, the frequency with peak amplitude measured is about 1.13 Hz.
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“This was about 67.9547 heart beats per minute (heart beat rate shown on the Figure 13
at numeral 1302). ‘

Figure 14 is a schematic flowchart 1400 llusirating a method for detecting vital
signs in an example embodiment. At step 1402, a detection unit is pi'ovided. At step
1404, a multimode optical fiber is connecied o a light source and fo the detection
unit. At step 1408, a mechanical structure is provided for receiving a pressure
exerted by a person's body as a result of one or more of a group consisting of a
movement of the person’s body, a respiratory action of the person’s body and a
heart beat action of the persen’s body and 1o cause microbending of the multimode
optical fiber under the exerted pressure. At step 1408, the multimode optical fiber is
disposad between first and second sets of microbending elements of the mechanical
struciure substantially in a direction of the exerted pressure .

Figure 17 is a schematic flowchart 1700 illustrating a method for detecting
vital signs in an example embodiment. At step 1702, a detection unit is provided. At
step 1704, a muitimode opfical fiber is connected fo a light source and to the
detection unit. At step 1708, a mechanical structure is provided for receiving a
pressure exerted by a person's body and to cause microbending of the multimode
optical fiber under the exerted pressure. At step 1708, at least a heart rate of the
person is determined based on light infensity variations caused by bending losses
induced by the microbending.

Figure 15 is a schematic flowchart 1500 illustrating a method for vital signs
detection in an example embodiment. The method can be executed by a computing

-device. In the example embodiment, a data storage medium having computer code

means stored thereon is used 1o instruct the compuiing device o execute the
method. in Figure 15, at step 1502, an optical signal is received from a multimode
optical fiber. At step 1504, at least a heart rate of a person is determined based on
light intensity variations caused. by bending losses induced by a mechanical
sructure configured for receiving a pressure exerted by the person's body and to
cause microbending of the muliimode optical fiber under the exeried pressure,
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The method and system of the example embodiments can be implemented
using a computer system 1600, schematically shown in Figure 18. For example, the
signal proceséing unit of example embodiments may take the form of the described
computer system.. The method and system may be implemented as software, such
as a computer program being executed within the computer system 1600, and
instructing the computer system 1600 to  conduct the method of the example
embodiments. |

The computer system 1600 comprises a compuier module 1602, input
modules such as a keyboard 1604 and mouse 1606 and a plurality of output devices
such as a display 1608, and an alarm 1610,

The computer module 1602 is connected to a computer network 1612 via a
suitable {ransceiver device 1614, to enable access 1o e.g. the Internet or other
network systems such as Local Area Network (LAN) or Wide Area Network (WAN).

The compuier module 16802 in the example includes a processor 1618, a
Random Access Memory (RAM) 1620 and a Read Only Memory (ROM) 1622, The
computer module 1602 also includes a number of input/Ouiput (VO) interfaces, for
example /O interface 1624 1o the display 1608, and VO interface 1626 to the
keyboard 1604.

The components of the computer moduie 1602 typically communicate via an
inferconnected bus 1628 and in a manner known to the person skilied in the relevant
art.

The application progra;*n is fypically supplied to the user of the computer
system 1600 encoded on a data siorage medium such as a CD-ROM or fiash
memory carrier and read utilising a corresponding data storage medium drive of a
data storage device 1630, The application program is read and controlied in its
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execution by the processor 1618, Intermediate storage of program data maybe
accomplished using RAM 1820,

The above described example embodiments can provide a device and method
whereby no electricity is used in 2 sensor seat or bed, The measurements provided by
the described example embodimenis are non-intrusive. Also, described example
embodiments can provide a cost-effective solution which is similar on scale to electric
sensors. The above described example embodiments can provide a relatively simpler
signal interrogation as compared io other fiber opfical systems. Also, the above
described example embodiments can provide a relatively simpler system configuration
as compared to other sensing systems. in addition, the above described example
embodiments can provide relafively simpler and betier comfortability to users than
systems using stick-on sensors efc.

The above described example embodiments can provide a sensing device for
detecting vital signs paramsters of a bedded/seated person. It can be easy 1o integrate
such a sensing device to a smart bed/smart chair which can give rise to potential
applications in healthcare (e.g. sleep monitoring, vital sigrs monitoring etc.), home
automation (e.g. home appliances control for smart homes ete.) ‘and non-drug solutions

‘fo e.g. lower high biood pressure. Also, the above described example embodiments can

provide an intrinsically safe sensing device and method.

in the example embodiments, the sensor mat is described having two layers of
polyester fibers. However, it will be appreciated that the sensor mat is not limited as
such and can include any sensor member that can create a microbending effect on a
multimode optical fiber.

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made io the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to
be illustrative and not restrictive.
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CLAIMS

1. A vital signs detecting device, the device comprising,

a detection unit;

a multimode optical fiber configured to be connected to a light source and to
the detection unit;

a mechanical structure configured for receiving a pressure exerted by a
person's body as a result of one or more of a group consisting of a movement of the
person’s body, a respiratory action of the person’s body and a heart beat action of
the person’s body, and to cause microbending of the multimode optical fiber under
the exerted pressure and;

wherein the multimode optical fiber is disposed between first and second sets
of microbending elements of the mechanical structure substantially in a direction of
the exerted pressure,

wherein the first set of microbending elements and the second set of
microbending elements are configured to be interlinked as teeth structures so that,
when the pressure is exerted to the mechanical structure, the teeth structures
impose curvature bends on the multimode optical fiber disposed therebetween to
cause the microbending of the multimode optical fiber.

2. The device as claimed in claim 1, wherein the first set of microbending
elements are comprised in a first layer of the mechanical structure and the second
set of microbending elements are comprised in a second layer and further wherein
the multimode optical fiber is disposed between the first and second layers.

3. The device as claimed in claim 2, wherein the first and second layers

each comprise a mesh-like structure.

4, The device as claimed in claim 1, wherein the mechanical structure is
interwoven with the multimode optical fiber such that the first set of microbending
elements are disposed on a top surface of the multimode optical fiber and the
second set of microbending elements are disposed on a bottom surface of the

multimode optical fiber.
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5. The device as claimed in claim 4, wherein the mechanical structure

comprises a mesh-like structure.

6. The device as claimed in any one of the preceding claims, further
comprising the light source for inputting light into the multimode optical fiber and the
detection unit comprises a light detection unit for detecting light modulation in the

multimode optical fiber.

7. The device as claimed in claim 6, further comprising a mirror attached
to the multimode optical fiber at one end thereof for reflecting light to the other end of

the optical fiber.

8. The device as claimed in claim 7, further comprising a 1x2 fiber coupler
for connecting the light source and the light detection unit to the multimode optical fiber

at said other end of the optical fiber.

9. The device as claimed in claim 6, further comprising a 1x2 fiber coupler
connected to the multimode optical fiber at one end thereof, the 1x2 fiber coupler

configured for redirecting light to the other end of the optical fiber.

10. The device as claimed in claim 9, further comprising a second 1x2
fiber coupler for connecting the light source and the light detection unit to the multimode

optical fiber at said other end of the optical fiber.

11. The device as claimed in any one of the preceding claims, wherein the
detection unit is adapted for determining at least a heart rate of the person based on

light intensity variations caused by bending losses induced by the microbending.

12. The device as claimed in claim 11, wherein the detection unit

comprises a signal processing unit.
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13. The device as claimed in claim 12, wherein the signal processing unit
is configured to extract information of at least one of a group consisting of heart beat

rate, breathing rate and body movement.

14. The device as claimed in claim 13, wherein the body movement
information is extracted based on a signal deviation tracking process implemented in

the signal processing unit.

15. The device as claimed in any one of claims 13 to 14, wherein for an
application associated with breathing, the breathing rate information is extracted
based on a signal filtering process and at least one process selected from a group
consisting of peak detection, valley detection, amplitude detection, Fast Fourier
Transform and Wavelet analysis, the processes being implemented in the signal

processing unit.

16. The device as claimed in any one of claims 13 to 15, wherein for an
application associated with heart beat, the heart beat rate information is extracted
based on a signal filtering process and at least one process selected from a group
consisting of peak detection, valley detection, amplitude detection, Fast Fourier
Transform and Wavelet analysis, the processes being implemented in the signal

processing unit.

17. The device as claimed in any one of claims 13 to 16, wherein the
signal processing unit comprises a display function for displaying the extracted

information.

18. The device as claimed in any one of claims 13 to 17, wherein the
signal processing unit has an alarm function implemented thereon for activating an

alarm based on the extracted information.
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19. The device as claimed in any one of the preceding claims, wherein in
use, the multimode optical fiber and the mechanical structure function as a fiber

mode converter.

20. A method for detecting vital signs, the method comprising,

providing a detection unit;

connecting a multimode optical fiber to a light source and to the detection
unit;

providing a mechanical structure for receiving a pressure exerted by a
person's body as a result of one or more of a group consisting of a movement of the
person’s body, a respiratory action of the person’s body and a heart beat action of
the person’s body and for causing microbending of the multimode optical fiber under
the exerted pressure;

wherein the multimode optical fiber is disposed between first and second sets
of microbending elements of the mechanical structure substantially in a direction of
the exerted pressure, and

wherein the first set of microbending elements and the second set of
microbending elements are configured to be interlinked as teeth structures so that,
when the pressure is exerted to the mechanical structure, the teeth structures
impose curvature bends on the multimode optical fiber disposed therebetween to

cause the microbending of the multimode optical fiber.

21. The method as claimed in claim 20, wherein the first set of
microbending elements are comprised in a first layer of the mechanical structure and
the second set of microbending elements are comprised in a second layer and
further wherein the multimode optical fiber is disposed between the first and second

layers.

22. The method as claimed in claim 21, wherein the first and second

layers each comprise a mesh-like structure.

23. The method as claimed in claim 20, wherein the mechanical structure
is interwoven with the multimode optical fiber such that the first set of microbending
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elements are disposed on a top surface of the multimode optical fiber and the
second set of microbending elements are disposed on a bottom surface of the
multimode optical fiber.

24, The method as claimed in claim 23, wherein the mechanical structure

comprises a mesh-like structure.

25. The method as claimed in any one of claims 20 to 24, further
comprising inputting light into the multimode optical fiber and detecting light

modulation in the multimode optical fiber.

26. The method as claimed in claim 25, further comprising attaching a
mirror to the multimode optical fiber at one end thereof for reflecting light to the other

end of the optical fiber.

27. The method as claimed in claim 26, further comprising using a 1x2
fiber coupler for connecting the light source and a light detection unit to the multimode

optical fiber at said other end of the optical fiber.

28. The method as claimed in claim 25, further comprising connecting a
1x2 fiber coupler to the multimode optical fiber at one end thereof, the 1x2 fiber

coupler configured for redirecting light to the other end of the optical fiber.

29. The method as claimed in claim 28, further comprising using a second
1x2 fiber coupler for connecting the light source and a light detection unit to the

multimode optical fiber at said other end of the optical fiber.

30. The method as claimed in any one of claims 20 to 29, further
comprising,
determining at least a heart rate of the person based on light intensity

variations caused by bending losses induced by the microbending.



10

15

20

25

30

30

31. The method as claimed in claim 30, further comprising extracting
information of at least one of a group consisting of heart beat rate, breathing rate

and body movement from the light intensity variations.

32. The method as claimed in claim 31, wherein the body movement

information is extracted based on a signal deviation tracking process.

33. The method as claimed in any one of claims 31 to 32, wherein for an
application associated with breathing, the breathing rate information is extracted
based on a signal filtering process and at least one process selected from a group
consisting of peak detection, valley detection, amplitude detection, Fast Fourier

Transform and Wavelet analysis. .

34. The method as claimed in any one of claims 31 to 33, wherein for an
application associated with heart beat, the heart beat rate information is extracted
based on a signal filtering process and at least one process selected from a group
consisting of peak detection, valley detection, amplitude detection, Fast Fourier

Transform and Wavelet analysis. .

35. The method as claimed in any one of claims 31 to 34, further

comprising displaying the extracted information.

36. The method as claimed in any one of claims 31 to 35, further

comprising activating an alarm based on the extracted information.

37. The method as claimed in any one of claims 20 to 36, wherein the
multimode optical fiber under the exerted pressure functions as a fiber mode

converter.

38. A data storage medium having computer code means stored thereon
for instructing a computing device to execute a method for vital signs detection, the

method comprising the steps of,
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receiving an optical signal from a multimode optical fiber; and

determining at least a heart rate of a person based on light intensity
variations caused by bending losses induced by a mechanical structure configured
for receiving a pressure exerted by the person's body and to cause microbending of
the multimode optical fiber under the exerted pressure,

wherein the multimode optical fiber is disposed between first and second sets
of microbending elements of the mechanical structure substantially in a direction of
the exerted pressure, and

wherein the first set of microbending elements and the second set of
microbending elements are configured to be interlinked as teeth structures so that,
when the pressure is exerted to the mechanical structure, the teeth structures
impose curvature bends on the multimode optical fiber disposed therebetween to

cause the microbending of the multimode optical fiber.





