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

FI ELD OF | NVENTI ON 5 The present invention relates broadly to a
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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
pafients within a specific period of fime. Therefore, monitoring of these vital signs
parameiers can be a significant diagnostic method in planning of medical care.

Electrical sensors have typically been used for monitoring of the parameters. 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 fo electromagnetic interference (EMI), which can be a significant problerﬁ in
certain clinical examinations, e.g., during magnetic resonance imaging (MRI)
examinations.

As an alternative, use of optical fiber sensors has been explored. Optical 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

sensor.

Al t hough the interrogation is relatively sinple and



-enbedded within a bed, it is typically difficult to detect chest wall
novenment during breathing. The differences between nacrobendi ng and

m cr obendwogoiwiepsi cal fibers is established. Macrobengcmgcrypiooalst y
causes light to |l eak out of a fiber due to macroscopic deviations of the
fiber's axis froma straight fine. On the other hand, 5 microbending is
typically due to nechanical stress on a fiber that introduces |oca

di scontinuities which can result in light |eaking fromthe core of the
fiber to a cladding via node coupling, In US patent No. 6,498,652, although
an optical phase interferonetrybased fibre optic sensor was found to have
hi gher sensitivity, the sensor systemused is conplex, |eading to cost
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The first and second | ayers may each conprise a nesh-like structure. The
mechani cal structure nay be interwoven with the nultinode optical fiber 20
such t hatwohetiidisss set of m crobendi ng el enents may bePpdirspaswooaaza t op
surface of the nultinocie optical fiber and the second set of m crobending
el ements may be di sposed on a bottom surface of the nultinode optica

fi ber. The nechani cal structure nmay conprise a nesh-like structure. 25

The device may further conprise the Iight source for inputting light into
the nul ti node optical -fiber and the gdetection unit nmay conprise a |ight
detection unit for detecting Iight nodulation in the multinode opti cal
fiber. 4 The device may further conprise a 1x2 fiber coupler for
connect i ng t hin dtgphtarseuwite aanzspeheof tr@hpredememt/émﬁbrumihéretm mdswdémbti mode
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conf i gur pebskoreband; OnRSIeIre thel MuBtinhd @ bpiisil FBer ﬁ’é‘@lstpgsécﬁ‘%eﬂﬁééﬁcﬁﬂs?%nk!m t; a
mechani cal _structu nfigured for receiving a pressure exerted by a

per son' s B S g%o{'@'cécg?ﬂ@ﬁ\% %?’Bﬁaiﬁd?fﬁ@e W*%@Cmtﬁqc%ﬂéu%ﬁﬁnwy ingj per
undet® hediesadioh e the szt @ressdire Wwherein the detection unit is adapted for
determning at |least a heart rate of the person based on light intensity

vari ations caused by bending | osses induced by.the
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
15  disposed between the first and second layers.

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

The mechanical structure may be interwoven with the multimode optical fiber

20 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 6ptical fiber.

The mechanical structure may comprise a mesh-like structure.

25
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.
30 The device may further comprise a mirror attached to ‘the multimode optical

fiber at one end thereof for refiecting light fo the other end of the optical fiber.



20m cr obendi ng. The detection unit may conprise a signal processing unit.
The signal processing unit may be configured to extract information of at
25| east owe20fvmEeyBoup consi sting of heart beat rate, bireatseo/onabz and
body novenent. The body novenent information nay be extracted based
on a signal deviation tracking process inplenented in the signal processing
unit. 30 5 selected froma group Co nsisting of peak detection, valley
detection, anplitude detection, Fast Fourier Transform and Wavel et

anal ysis, the processes being inplengpted in the signal processing unit.
5For an application associated with heart beat, the heart beat rate

I nformati on nay be extracted based on a signal filtering process and at

| east one protesdeviad aEyeitirtheo nompdsso s pihxdiver sbupleg fof cpersdctintetheclighbn,
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The si gnagticgirfibeessi ng unit may conprise a display function for displaying
the extracted infornmation. The signal processing unit may have

an alarm function inplenmented thereon 15for activating an al arm based on
t he dxtract edihienfieyigmtrnan. further comprise a 1x2 fiber coupler connected to the

mulfimode 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
10  light source and the light detection unit to the multimode optical fiber at said other end of
the optical fiber.

In accordance with another aspect of the present invention, there is provided

a vital signs detecting device, the device comprising a detection unit; a multimode

15  optical fiber configured 1o 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

and to cause microbending of the multimode optical fiber under the exerted pressure

and; wherein the detection unit is adapted for determining at ieast a heart rate of the
person based on light intensity variations caused by bending losses induced by.the

20  microbending.
The detection unit may comprise a signal processing unit.

The signal processing unit may be configured io exiract information of at
25 least one of a group consisiing 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.
30
For an application associated with breathing, the breathing rate information
may be exiracted based on a signal filiering process and at least one process



In use, the multinode optical -fiber and the mechanical structure may
function as a fiber node converter. 20in accordance wth another aspect of
t he presew0D 20mvant78on, there is provided a nethod for deCcesG2og/ovetcal
signs, the nmethod conprising providing a detection unit; connecting a

mul tinode optical fiber to a light source and to the detection unit;

provi ding a nmechanical structure for receiving a pressure exerted by a
person's body as a result of one or nore of ‘a group consisting of a
novenent of the person's body, 25 a gespiratory action of the person's
body and a heart beat action of the person's body and to cause m crobendi ng
of the multinode optical fiber under the exerted pressure; and wherein the
mul t i nodselegieéd dedm fa bmsup' sonsisipgs efl pbak veetectibns yalieyn detsetiom darsplitsdef

m cr obendi.n eRt ! a Y
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conpr i seithplementse gothe dignak progeedsitginniher wherein the mul ti node optical fiber
may be di sposed between the first and second |ayers. The first and second

| ayers may each conprise a nesh-like structure. The nechani cal
strudture nayF@ern appiicainneasspciated wih hapttibeatidhe peart fpaf iakeinfdw@toR hat t he

first Seﬁuawb&bﬁ{r&&&gfﬂa@% edregeabﬁaménas ﬂbé@é%sﬁﬁd%ﬁ 18adtOphes prdcase of the
mul ti node optl ca and the Second set m crobendi ng el enents nay be

di sposedseiectad gam Emose geesising RE Pﬁ’aktq‘%@noﬁ?“%’apeﬁ%@? 2mREYdR chani cal

St ruct ur gstBBiibrC OFEYt | Seurr MRaRsiokeasd NIBYSIEE analysis, thd NsrobBdsBedodatay furt her
conprise, i | ight into the nultinode opti cal fiber and detecti ng

ut ti ng
| i ght rmkﬂiﬁ%ﬂ?'i‘fﬁd th?r?égqﬁJPchﬁﬁﬂﬁgUBFl cal fiber. The nethod may

furtter conprise attaching a mrror to the nultinode optical .fiber at one
end t hereof f reflectin ht to the .ot he nd. of cal fiber.
The nmet hod ma ?ﬁ'??ﬂe‘?’o‘éﬁﬂg@@ meY HgMR"S5% 3 c{@pg rquStLPd\ %F 8&8‘3 @Sﬁﬁ%cti ng
t he 20l i ghttacsszlinfoematioh.a | i ght detection unit to the nul-tinode opti cal
fiber at said other end of the optical fiber.

The signal processing unit may have an alarm function implemented thereon

15 _ 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 converier.

20 . 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 2 movement of the person’s body,

25 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 opfical fiber is disposéd between first and
second sets of microbending elements of the mechanical structure substantially in a
direction of the exerted pressure.

30

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



The nethod may further conprise connecting a 1x2 fiber coupler to the

mul ti node optical fiber at one end thereof, the 1x2 fiber coupler

conf i gur estof2or1/@6178di recting light to the other end of trhe/Sepoiomadicti ber,
The nethod may further conprise using a second 1x2 fiber coupler for
connecting the light source and a |ightO detection unit to the nultinode
optical fiber at said other end of the optical fiber. 30 7 connecting a
mul ti mode optical fiber to a light source and to the detection unit;
prOV|d|ng a nmechanical structure for geceiving a pressure exerted by a
person's body and to cause m crobending of -the multinode optical fiber
under the exerted pressure; -and determning at | east a heart rate of the
per son b&aBarisss njaysecandtlayesiang farthemwhareinribe caiireodd gptiveh dbergnapds es

| nduced Biobdey BlGEAR 8Hr0ang second 1A% et hod may Turther compr! se
extracting |nf ormati.on east one of a group consisting of heart beat

rate, breathing rate and body novenent fromthe light intensity variations.
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devi ation tracking process. an application assocl ate h breat hi ng,
t he eathing rate information 15 may be extracted based on-a signal
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of peak |on tection, Fast Fourier
Tran®f orm and Vavel et anal ysi s. The rret hod may further conprise di spI ayi ng

the extract EdTﬁQFn%EHEﬁI&Q r%’crugtﬁre may comprise a mesh-like structure.

The method may further comprise inputting light into the multimode optical
fiber and detecting fight modulation in the multimode optical fiber.
15
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
20  light source and a light detection unit to the multimode optical fiber at said other end of
the opiical fiber.

The method may further comprise connecting a 1x2 fiber coupier to the
multimode- optical fiber at one end thereof, the 1x2 fiber coupler configured for
25 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.

30

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;



The nethod may further conprise activating an al arm based on the extracted
i nformati on. The mul ti node optical fiber under the exerted
pressur e wayofuretison as a 30 fiber node converter. 8 PCT/SG20lowo@ezor dance
wi th anot her aspect of the present invention, there is provided a data
storage nedi um havi ng conputer code neans stored thereon for instructing a
conputing device to execute a nethod for vital signs detection, the nethod
conprising the steps of receiving an optical signal froma nmultinode
optical fiber; 5 and determning at |gast a heart rate of a person based on
light intensity variations caused by bending | osses i nduced by a nmechani cal
structure configured for receiving a pressure exerted by the person's body
and to CabAgedlihg r@bﬂﬂiﬂhéﬂb @ t.éénerb@wté iz i@t Q&Irb&%hdftbbmé d&xdedort bRirexert ed
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15exanpl e_onl n _co awi ngs
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enbodd nentriaikBBicgused By bendingichssmihtocati agthamisiubehdigga m cr obendi ng
mul ti node fiber under deformation in an exanpl e enbodi nent. Figure 3
is a schematic diagramillustrating a sensor systemin an exanple
enbodi ment . 2Fhe method Fiayuteher. ¢amprisechameting intidrockiodichgt &east one of a
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exanpl e ure matrc
i |1 ustr afNteRpity vagatiorsl ow of a sensing device in 30 an exanpl e enbodi nent .
10

The body movement information may be extracted based on a signal
deviation tracking process.

For an appiication associated with breathing, the breathing rate information

15 may be extracted based on a signal filtering process and at least one process

selected from a group consisting of peak detection, valley detection, amplitfude
detection, Fast Fourier Transform and Wavelet analysis.

For an appilication associated with heart beat, the heart beat rate information

20  may be extracted based a signal filtering process and at ieast 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.
25
The method may further comprise activating an alarm based on the exiracted
information.

The multimode optical fiber under the exerted pressure may function as a
30 fiber mode converier. '



9 Figure 6 is a schematic diagramillustrating a sensor systemin an
exanpl e enbodi nent . Figure 7 is a schematic diagramillustrating
a sensor wp2amisTIsan exanpl e 5 enbodi nent. Fi guPeTBG261080416D Vi ew
picture illustrating an exanple of a nesh-like structure section of a
sensor mat in an exanpl e enbodi ment. 10Figure 9(a) is a schematic di agram
illustrating a sensor systemin an exanpl e enbodi nent. Fi gure 9(b)
is a picture illustrating polyester fiber |ayer interwoven with a nultinode
optical fiber in an exanple enbodi neny. 15 Figure 10 is an exanple
frequency spectrum graph show ng a neasured breathing signal in an exanple
enbodi nment . Figure 11 is an exanple 'frequency spectrum graph
show ng a neaplaRerdiRretwith?SksRdr Sp88edf the prbeRX MVBhHOre R iidBRivided

Figure 12 a frequency spectrum neasurenment of a heart beat signal of a
first pe?A??f‘ PiArags esd I@&ﬂﬁﬁﬂ‘?%ﬂt@dﬁ'ﬁ?%%mﬁ theregn fordgRBIRE)g dpect r um
neasur emesinpaingd deoiget i @bt 98 amefHoda fere ¢l dsigRE Sefledtidna the XMBTH-
enbodinent. . . F'te%ur(% 14 is a sck%fer’qati C L+ owchart i I‘Ijust rating a met hod
for det eEPTRESOP 27 PG BRENRO AMARTE' SiPHaLTTRRINe muyimode optical fiber,

5 and determining at least a heart rate of a person based on light intensity variations

caused by bending losses induced by a mechanical structure conﬁgu}ed for
receiving a pressure exerted by the person's body and to cause microbending of the
multimode optical fiber under the exerted pressure.

10
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
15 exanﬁple only, and in conjunction with the drawings, in which:

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

20 - 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 éxample
embodiment.
25 » ,
- 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
30  an example embodiment.



10 Figure 16 is a schematic diagram of a conputer systemfor
i npl ementing a nmethod and system of an exanpl e enbodi nent. 5Figure 17 is a
schemat i cwof2bovaabmEst il lustrating a nethod for detecti n@CYiSGab109p@ies i n an
exanpl e enbodi ment. DETAI LED DESCRI PTI ON 10 I n an exanpl e
enbodi ment, a vital signs detecting/sensing device is provided. The device
conprises a fiber optic sensor mat and an interrogator for vital signs
measurement. The sensor mat is configured such that a top and a bottom
| ayer each conprises |arge area nesh-Li ke structures which are nmade of
pol yester fiber. The sensor 15 mat fUrther conprises a.section of a
mul ti node optical fiber disposed in between the top and bottom | ayers. The
i nterrogator Eigower Bsies achangdit diagrameillustrating e seoisor apstem ®i gnakamplecessi ng
unit. Thg bRkigRo9at or further conprises a display and an alarm function
for repor?ﬁng and/ or alerting users to the neasurenent. 20In the exanple
enbodi nent, the section of nultinode optical fiber is enbedded in between
two pol yest er <f i hes . g e -1 j uct e
pol yest er mssﬁﬁ'—ghgkz 'gpére g%‘?etﬁr{! et'gmﬁé \%‘ﬁd"e'a%fag g‘gaflﬁ%,lhgof gsy?t%@ ﬁ‘mﬁ fé?(r% é_'gopti cal
fiber? |'emggdmenbn, the mesh-1ike structures forma nechanical structure
for creating a mcrobending effect on the nmultinode optical -fiber. The
mechani cal structure can receive a pressure exerted by 25 a person's body
as a result ofigsifedds aniopevigyt Pistuse (HE‘E’“’%"&QS?%WW@P‘@fOfa? meskriies stregtunehe
per son' s shad of & séfP el ininexafilenisdirhB®. person' s body and a heart beat
action of the person's body and can cause m crobendi ng of the nultinode
optical fiber under the exerted pressure. Thus, in the exanple enbodi nent,
the nwl ti nodeFigpisi 9@) i & Beherhaticdispanctudieting @nsdnsos systnd irsaﬁ@aglanet s of
m cr obendi .elepents of the mechanical 30 structure substantially in a
directioﬁ”@ngﬁB'exerted pressure. In this exanpl e embodi nent, the first
set of m crobending el enents are conprised in the top | ayer of the sensor
rat_and the Seeandens!i-of SEGRONEOMME SHFERM' fiod’ S TREWotsh k' e Pottom
multimode optical fiber in an example embodiment.

15
Figure 10 is an example frequency spectrum graph 'showing a measured
breathing signal in an exampie embodiment.

t Figure 11 is an example frequency spectrum graph showing a measured heart
20  beat signal in an example embodiment.

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

25 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.
30 ‘
Figure 15 is a schematic flowchart illustrating a method for vital signs
detection in an exampie embodiment.



| ayer of the sensor mat. In the exanple enbodi ment, using the described
sensor mat, neasurenent of breathing rate is not sensitive to body

novenent ,wonrotizméermwvenent if the sensor mat is install e#CirrsGaonmoiiay car,
5In the exanpl e enbodi nent, bending | osses due to the m crobendi ng effect
can be nonitored for extracting information. Further, the device can
advant ageously be adapted to determ ne heart beat rate, Furthernore, by

di sposing the nultinode optical fiber between first and second 10 sets of
m crobendi ng el enents of the nechanica% structure, the mcrobending effect
achi evabl e can be increased. This can provi de advant ages over a
configuration providing bending elenents acting on only one side of a fiber
such as a configuration with an optical fiber disposed on a |ayer of

m cr obendi ng EJenEﬂ%S' 1Shn a.nicrobeng fiber ogti% sensor . nmechani cal
perturbati on 0FYE APr% PRSAEMARD SR &5 G RMRYES B RGIRIPTEINR of

| i ght pomethcanmigsysteen obae sxampleleenidadireent. The nore severe the nechani cal
perturbation or bending, the nore light is coupled to higher order nodes or
even radi ation nodes and is lost. A mcrobend fiber optic sensor is a |light
intersity senBigureand it isghchamatieniowghadedusitaiing avirtéthow doradéteatingoeitali ng. 20
Figure 1_j Qﬁgﬁﬁ' | illustrating a sensor mat 100 in an exanple
enbodineﬁpﬁsgziictlogégwq%%?ﬁéﬂ%de optical fiber 102 is enbedded between
mesh-1i ke structures 104, 106. Light is input (at numeral 108) into one end
of the nmultinode optical fiber 102 and extracted (at nuneral 110) from
anot her end of _the nultinode optical fiber 25 102. The nesh-1like

st ruct ur B§TAYED PRSCERIFTIPNat e a ni crobending effect on the section of
mul t ygpode optical fiber 102. Wien the sensor mat 100 is used, novenment such
as breathing related chest npvenent or heartbeat related novenent can be
detected via \'h@ EXBRIE EMROGISBENRVIR) SanscRttecing/seRRiNG BRYifs SrRroYIfefht

ext ract etthd alevies @hidrisdd @) fibgrhtistic sdhsbhenstxaitpbe iphogatoe fdr, vilal Gltinsi S

nodul ated via the g%crobendi%q efcht mhen‘%herg is %O%?%P greathi g/ heart
beating MFPEFEREM: §NEFENE {EG 'S FRIMGHERS sucpsthat a Top apd & {atpmyayel §8CR ci at ed

t hat Fi g?dsr&pribes M&Tw a?\ﬁ Tesdhdiike meotiunst okt ara migierof bylyagerdibet. h'aesen‘sﬁtbr mat .
In use, fo a e en _a.user. is. lyin n_the sensor, .mat, 100, the

resnit 1 KESL RIS G taeR Bl T aviyinindortiel % AERESE PBSMART I BRe sensor
mat 100 amtbotieen $ayetd. Gihe dfiterrogaton crmtheisep i ipnt séurbera dé@ctos andrat sigidtus, t he
configuration, . : . - e I j.node
opti cal ﬁto E%érg"%g%“pﬁrqgt@%{@%% fgﬁ?%%ép p#%%egg%r?&/%r?@?% h@PP Elgeanﬂ??rHD%er ‘
conver t erepoting sndior hierting mseirsdo theopeasgaitémepti n t he nul ti node optical fiber
102 by bending the optical fiber 102 that causes efficient node coupling.

There are a plurality of nodes propagated in the nultinode optical fiber
102 &hd any elttee @iampleranthasieensribe sactioneof spuliroede ppiisal fibrpis eabpddgtise a

redi stri RBchpderivodiyaRidalibd? QnBEts Wil fitgd BRaTHEI- IR AG LS C ke pdiRRIer 102 i s

bent, light transmtt'ed al ong the ogl cal fiber 102 nmay attenuate, The

bendi ng MssRke stugiyres peviderBigiectiphén theopultigieds ontisal diten BddiiAn 488 r ed

i nf or mat reBh-likDstr@X@EP ktm AMARRhAMEal BtHdtLRORE crBtihe al mibloBefdidd8fdcs oh Mposed
| oss increases with the nunber of )l?endl ng

lengt ho. ERAMUEBRBOBALRG T EInee oaEe, SLGRGS Son Fecsive & pressirc svensd b
25 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 can cause microbending of the multimdde opfical 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
30  structure 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 bottom



15 Figure 2 is a schematic diagram 200 showi ng a m crobendi ng

mul ti node fiber 201 under deformation in an exanple enbodi nent. The

m crobendvogonulisizande fiber 201 conprises a claddi ng 2@2Tscdom/obubt er

| ayer 204 that surrounds the cladding 202. The .cladding 202 surrounds the
fiber core 206. In the exanple enbodiment, the Jranfor 20optim zed sensor
sensitivity can be obtained based on the equation A = NA step-index fibers,
or A = 29ranOfor graded-index fibers, where Ais critical periodicity of NA
fiber deformation, no is the refractiye index of the core, ais the core
radius, and NA is the nunerical aperture. 25Figure 3 is a schematic diagram
illustrating a sensor device/system 300 in an exanpl e enbodi nent. The

syst em 3¢Ayet ohfpeiseasoranatopn e sxesnpde embbdimeh‘aiueingmedasuﬂb@ bartsoomat, -

ol yest er. 1.4 e.l 307 , onprjse a nmesh-1ike
S bet ur erRaementuctrediily 203 Y BmniR ol sRRGHCRT B ESRo R,

conpr i sedhasangermadeissighed o mpvibgearsect i on 306 di sposed between the |ayers
302, 304. The system 30300 further conprises a detection unit 307. The
detecfion unit in this embodinment 13 conprises fiber connectors or

spl i cPng j oi ntsthgewamplecemipdineeiinkendingdosses diiede ithsmBoebendingsfiedadant i ber s
312, 314peespartdd/ Rl YextrhBhORidraatior i MPher, 3he qediké Eaf ﬁggsuéfys%' tinode

optical fiber or si ngl e de optical fiber. The optic f1'ber i's
connect e&d?ﬁe‘%\tqq o °81%t%nd the optical fiber 314 is connected to a
| i ght detector 318 of the detection 5 unit 307. The |ight det eg:torI 318 is
connected to an anplifier.319 that is in turn connected to a signa .
processi ng unl FBE5HOIss by JisPaEing ths B'HE'UWBF oRfisel *gﬁreb%t\_“’@%f"’_sbﬁ%éé@ﬂﬁg uni t
320 tonpsetsedf rdicebeaying reibragras rof fthen aiccharsicd] astrub@prihé rrﬂicﬁbbéﬁdingsbfﬂék& |
ggrza”ggzlégrg?\%%@let r&‘Ei‘n eﬁ%aqﬁ)éreeas%gpoﬁ'ulisn%grtw ’prg\rllzge rra'lad%/gﬁtlable(se osvterr uaCthII:l lgsurati[::gm ayers
’ 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.

15 In & microbend fiber optic sensor, mechanical perturbation of 2 multimode 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 intensity decreases with mechanical bending.
20 (
Figure 1 is a schematic diagram iliustrating a sensor mat 100 in an example
embodiment. A section of multimode optical fiber 102 is embedded between mesh-like
structures 104, 108. Light is input (at numeral 108) into one end of the multimode optical
fiber 102 and extracted (at numeral 110) from another end of the multimode optical fiber
25 102. The mesh-like structures 104, 106 can create a microbending effect on the section
of multimode optical fiber 102. When the sensor mat 100 is used, movement such as
breathing related chest movement or heartbeat related movemeﬁt 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

30  e.g. breathing/heart beating imparted to the sensor mat 100.



10 a nechanical structure for creating a m crobending effect on the
mul ti node optical fiber section 306. The nmechanical structure can receive a
pressur e wRentigdetry a person's body as a result of one ecTrsorelomhoia2 gr oup
consisting of a novenent 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

m cr obendi ng of the multinode optical fiber under the 15 exerted pressure.
Thus, in the exanpl e enbodi nent, the nultinode optical fiber is disposed
between first and second sets of nicH bendi ng el ements of the mechani cal
structure substantially in a directioff of the exerted pressure. In the
exanpl e enbodi nent, the first set of mcrobending elenents are conprised in
the top |ayeri @m%emrécmecsmmgu@ettsmﬁmsrén%mmﬁndémgwmbﬁrmaw w@orconpri sed
in the bttoml3¥% | g h 10 Q
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can be inpu rou er connect or I'nto of the
sensor nmuligede ommal fivey 02 Jyranding 1ae opticabiber 1024bat, ca@zseﬁ gficieatnnede ng di ode

(LED) Orc&r%)(ngowﬂgfe Qé%aﬂurléﬂf}dof‘?ﬁodé@rﬂr%gg@aqn Ith&(&mtal ido 105 heel et 30

det ect or 8 1s used to convert optical gnal s romthe opti cal
fi ber 313t aNepdeinAbLRPEIrBAtgRE |, thvr@t'é@lef@tef JAR Ca8i HEE 2 Eﬁdts’fftbh@ﬂ” &hplified
in tfte amBha fdoRer. IAen BR! AUARBHE %Bﬁéa@ﬂb&nmzagaémshgﬂqt%ﬁsrﬁﬁé& QlgmBdndY the
signal processing unit 320. 11/ 016778PCT/ SG2010/ 000162 14 In
use, a perticadiber g@% ey alfeauats, -B?%E%'IS’FE lgsses i theppulimogpfiget 187ncamee sensor
mat 324t usédao bBtak C}(bﬁlréﬂ maitnhmengn Eﬂdéﬁmdl’ﬂ@wﬁenbﬁéihu{mﬁwodm%aﬂﬁér 1I029é1t

pr opaga |n e nulti 0 a er section

hen 5 sipee “a sl asbly e B JfssctrSgres, R SO0 lPoRe ! S9N he | i gh
i s nodul iehgttls asd e e bendihg rddie dedtyzeed.' S novenent. Information relating to
brea{éﬂl ng rate/heart beat/body novenent can be obtained/detected by
extrdcting and processing of the nodulated |ight, extracted at the |ight
det ect or 318 Fpuret2 &res Bchalwmi1C|d1agnamr@Ossrgmmg pmucrebsnding tmiltim@2dibefOl n t he

exanpl e i ke
struct ur%ﬁﬁgﬁﬁdgggﬁhrm%t ester %ﬁ‘gﬁé P%bgryn 642 ﬂh%dﬁ&%ﬁé@éj’?%x} |t@ﬁ°d§$%?he sensor
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mattress. For se t appl'ications e sensor can ace In the
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be a%?de&ﬁt@@@cﬁ“\?@l Fensiivivo IC?'éé’Fe‘Pbt?'F?fgpa‘Fe%/@'i‘ dhe3 gguatiop 44 fForppre foF obust

protection.
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2
step-index fibers, or A = i for graded-index fibers, where A is critical periodicity of

fiber deformation, ng is the refractive index of the core, a is the core radius, and NA is the

numerical aperture.

25 Figure 3 is a schematic diagram illustrating a sensor device/system 300 in an
example embodiment. The system 300 comprises a top polyester fiber layer 302 and a
bottom. polyester fiber layer 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

30 300 further comprises a detection unit 307. The detection unit in this embodiment



Figure 4 is a schematic block diagramfor illustrating processing of a
nodul at ed 20 signal in a sensor device of an exanple enbodi nent. An
anplifi edvexdrizmmt®d nodul ated signal froma |ight detector/sicoobvaicned
(conpare |ight detector 318 and anplifier 319 of Figure 3). The signal is
transmtted into two types of filtering, shown schematically in blocks 404
and 406. The filtering 404 is used to elimnate noises attached to
breathing signals while the filtering 406 to elimnate noises attached to
heart beat signals. The 25 filtering 4 may be achi eved by processes such
as but not limted to averaging, snoothing and | ow pass filtering. The
filtering 406 nay be achi eved by processes such as but not limted to

aver agi ngomprissstiihenegnnecibisracpiicing joirdsBO&s3l0ngr corthetimydhe asstidhi 306et0i ng. 15
T ony bobibel ARPests S04 RapBUREONER: SMncPDRE) BRcEILAd Al Y i) 11 N

if any bo Ser “on-a Sensor °t he
sensor demq;abfbarmrtamn@qawpeeapmmﬁuemﬁhe 0ptl¢ﬁﬂ @éercﬁﬁfleroemt\emd toaz tighins, i . e.

br eat hi ngodrd $18TBAd 8 Pl ibLioRl it HhndBERND 205 dét MRl L alieiock 412

and body novenent | nformation at orrre on t conditi oned
si gnab s~ pnit 307. Thg lightidgtpcior 88 isi ewRectadip amwapisfﬁwtﬂ)@a@g instewegnneciedobt ai n

vital si WSI ﬁélad?f@degélﬁg uﬁ?@@é@tﬁ@'d@tecﬁ&?uﬁf Sot h‘hQQ ggglf&&%’slngrhnlt%@ can be

obt ai ned §/ %l I eﬁ | itude det ection_or Fouri ér Transform or
Wavel et S?féﬁ’@i?ﬁ Ispigy @nf g funckiens faf @P%ngﬁaléms(ﬁ’éﬁ"!%erébt ai ned by 10
peak/ val | ey/ anplitude detection or by Fast Fourier Transform or \Wavel et
anal ysis. Sub efl uent | e extracte ormati on_may -be-further conputed
in block 416 8&?53’?’%‘% %Pim%"éﬁﬁe b?kﬁﬁrﬁ‘ﬁ“'@é Trgm ‘é)‘%fﬁ(j’@g ?0f oPes,
conpél | semneoharhlaal rstructatecio) creding & nﬁmmr@refmano:bmetrﬁama@é beital issreal t er
o oo 588 EPLE HaeBlen o LS L%, BiRR0 bRl s pLsdh? "
appl i cat bm‘ysa815 r%ﬂicnfioae@d nwaire lof Begmoup bmamstlngfuﬁlan'ab\vamerﬁrdfyhe bér@oks 404,
410, 408, uded. .. FO i i asso i body
rmverrent f’orma |%§°rg>r%&'gﬁjb¥otg séﬁggﬁgﬁ%’y %8%,3 ﬁ%irg ﬁal?ﬁnoréfé Ged. For
exanpl e, peréans bdsiyaandr canecausd rhicesivehding of dtee muliimode aﬂitlsailfmpedmder the

di spify- beeried ;Er@?&xrﬁb?ﬁfsv‘ﬂ Th dé akgh g%rﬁﬁ'od{ﬁwéﬁl R %ﬁmﬁ:fdeaocpgtfégi A6 le n an

event if breat as cease processin are srgnal

processi ﬁ'ﬁPWtb%ﬁ firstrard, ﬁ@cc{'s'}i i?éﬁhOf figjelegnding %leraemts tad ’tm metchanlhdr
persons aﬂJ&m@t suﬂ&eﬁﬁ:!lﬁ/ntm oz éﬁ?é&tn@r? bfnttﬁ&dé%éﬁgd a5e50R0 &7 m@%&%@n ol ess

Furt her, uted information at bl ock 416 can be sent via 3G or
fideli tye'?!a% nent theshiraiosek of m*Pr%eaqdme. qiemens @R corppriser Ve the tearayas 82t r ack of

the inf oamé@ecdmlsleeoftm@rowmlﬁgéieﬁ@ﬂtstwe@émgﬁédmafﬁe tktofnGyapbhd where the
senlsjg device is installed Fi gure a schematic flow chart
r

il ating a work flow of a sensing device in an exanpl e enbodi nent. The
work flow mayinbfhel eRArape nératodithernt, eXanpliimotsi ditica ﬁﬂarCQéHﬁUh e30ePrcagr am

execut abé:ompr}/se glass %BP ca‘latF be? r&as ISCSO?){ICQI ? bérhoer ?her ypeéJ O\g su1table ‘optical fibers.

_In the example embodiment, the light source 316, the light detector 318, the

25  ampiifier 319 and the signal processing unit 320 make up an interrogator unit 322. The

polyester fiber layers 302,304 and the multimode optical fiber section 306 make up a

sensor mat 324.Light from the light source 316 can be input through the fiber connector

308 into the section 306 of the sensor mat 324. The light source 316 cari be a laser, a

light emitting diode (LED) or any other broad band or narrow band light source. The light

30 detector 318 is used to convert optical signals obtained from the optical fiber 314 to

electronic signals. The electronic signals are then ampilified in the amplifier 319. Data
acquisition and analysis are performed by the signal processing unit 320.



WO 2011/ 016778PCT/ SG2010/ 000162 16 At step 502, the work flow
begins. At step 504, a referencing process is carried out so that idling
char act erwetzntgief7snodul at ed |i ght detected by a |ight ®erscker/oodice he
sensing device is stored in a nenory of the sensing device. The references
or reference signals are used to determne if -there is any user lying on a
sensor of the sensing device 5ornot. In addition, the reference signals are
al so be used to determine if the user has left the sensor or not. At
step 506, the signal detected fromthegylight detector is used to check if
the user is lying on the sensor. Wen there is no user lying on the sensor,
conputation is 10 not carried out so nost of activities of the sensing
device is shut down. Once a user is confirmed to be Iying on the sensor, a

si gnal gener ajegsdy 54?18d|l:'dQ\*éFen@@tn‘?éFe%ur‘gsedéRQ& bég%ﬂ?}e}ﬁ $568 LRSOMRuL €

heart beat rate, breath rate step
508, wheR2% FHsclP §.8: Ué?@@ﬂéd‘dloylhﬁgﬁchﬁﬂm TS@.CMRD?S light wrdpapatihgt aletgethel | ght i s

15nmodul akratiniibet SiticHSber sebidnt 866. ebraB iAW 2 aéﬁgjegﬁsvbgé}é Wbéﬁﬁfsk' ng for
body ng%é detection are carried out to obtain a patt e bl ocks
06

404 Sg§pesoy mat 324, the light js gmedulatpe @ﬁ@ﬁdaet t%theosubject’
br eat hi ngidverastt. bﬁatrﬁémdyrermwgem@mreatﬁﬁgrra&vnéaﬂ béat/IBSdN ﬂ{d%ﬁﬁhehpcé}btb%' na

useful signal utation is carried out on nal .20
from t he PPGRE dé‘gcf}get& %rﬁ'btfqﬁ’aal%nﬂf’%eﬁﬁg‘@fQflth%ﬂ]ﬂd}”@ﬁdl‘@h‘s eéﬁﬁ%%ecﬁgﬁ’@tl vating
an al ar niighadeteetor 6il § grd eahsrfittedicimiorthel sighileredekihg ahit 92t can incl ude storing
useful data for further reference, sending information wirelessly via

3G WI FI networks, displaying information that is useful for an observer in
a di $play etcin t@arepaneetmmmma té rircrobereling. efb :“s crédtdd b,ethapﬁémikat ed t hat

ft th h t b
br eat hi ng" e TSRl BEb SR SR0 08, ERFGRRICSY e ERr T g R ©
avai | abl &latyp easys ghapenspr mat 324/capbaplacsd béteren asbed ypeatahﬁ ¥ matiresn@ugh

sanpl es g4 agegeeebes&ém.k}ﬁnseéaf H@%’c'o?r?naﬂb% SEGP e%%a%ong s B '“t grval,

the conputed breathing rate, hear eat & and
i nf or mat MBhSFAFANRE AR Bie beckpbabeat. panel for a 30user s vi evm ng For
exang e but not by way of limtation, an interval can range froma few

seconds to ab?ut 60 seconds. The body novenent information can for exanple
be will be appreciated that additional covers may be added respectively to

polyester fiber layers 302, 304 for more robust protection.

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

20  signal in a sensor device of an example embodiment. An amplified extracted modulated
signal from a light detector is obtained (compare light detector 318 and amplifier 319 of
-Figure 3). The signal is fransmitted into two types of filtering, shown schematically in

- blocks 404 and 4086. The filtering 404 is used to eliminate noises attached to breathing
signals while the filtering 406 to eliminate noises attached to heart beat signals. The

25 filtering 404 may be achieved by processes such as but not limited to averaging,
smoothing and low pass filtering. The filtering 406 may be achieved by processes such

as but not limited to averaging, smoothing, subtracting, compressing and band pass
filtering.

30 Before a body movement pattern is extracted from the signal obtained from the
iight detector, deviation tracking is carried out at biock 408. The tracking at bilock 408



WO 2011/ 016778PCT/ SG2010/ 000162 17 novenent patterns, nunber of body
novenents within a period of tine, identification of alarmng or erratic
novenent sweizohiimémsshort period of tinme. At step 516, i rCosGaéiomnom2om st ep
514 is used to detect whether there is a bed 5 sore synptomin the user.
For exanple, if it is detected that the user is not showi ng any novenent or
only m nor novenents fromone position in a tine period of for exanple
about 2 hours, there is a danger that the user nay develop a bed sore. If a
bed sore synptomis detected, at step ;18 a bed sore alarmis triggered so
that intervention can be carried out on the user. At step 520, infornmation
fromstep 514 is used to detect 10 whether there is a sleep apnea synptom
in the ustmcks Rt resraasqblte a rdferehcd sigralt eithined ﬁmliyttbejsua&ﬁnehﬁsansthudped

br eat hi n there js a _dan qer t hat e user be havi ng sl eep
apnea. é‘%%%%%’&dg r@? T P &t 88??5&“359% tsr?Bs%r &n apnea alarmis
triggered so that i ntervention can be carried out on the user It w il be
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devi ce/ s¥stem in an exanp di ment. The system 6 corrprl ses a top
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For example, heart beat rate and breathing rate can be displayed in a display to

20  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
25  (WIFI) 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 instalied.

Figure 5 is a schemaitic flow chart illustrating a work fiow of a sensing device in
an example embodiment. The work flow may be implemented, for example, using a
30 computer program executable by a computer processor in the sensing device.



614 is connected to a light source 618. The detector 616 via the anplifier
617 is connected to a signal processing unit 620. The signal processing
unit 620 worpriiaewsdi spl ay and al arm functions for repoPCIsg2viot0aé16%5i gns
paraneters. 5ln the exanpl e enbodi nent, the system 600 further conprises a
mrror 622 connected/ attached to the section 606 for reflecting |ight
traveling in the section 606 propagating fromthe |ight source 618 back to
t he detector 616. I'n the exanpl e embodi ment, the nultinode
optical fiber section 606 can 10conprj $e gl ass optical .fiber, plastic
optical fiber or other types of suitable optical fibers. Figure 7 is
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25 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
avgilable for displaying on a display as there is typically not enough'sampies to produce
reliable 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

30  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



exanpl e enbodi nent. The system 900 conprises a polyester fiber |ayer 902
interwoven with a nultinmode optical fiber 904. The system 900 further
conpri seswe 2hilmas778onnect or or splicing joint 906 for ceomscrongodilo

mul timocie optical fiber 904 to an optical fiber 908. The system further
conprises a 1x2 fiber coupler 910. The fiber coupler 910 connects 15 the
optical .fiber 908 to another optical fiber 912 and al so connects the
optical fiber 908 to a detector 914. The detector 914 is connected to an
anplifier 915. The optical fibers 90845912 can each be a multinpde opti cal
fiber or a single node optical fiber. ?he optical fiber 912 is connected to
a light source 916. The detector 914 via the anplifier 915 is connected to
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additional functlons can also be implemented depending on requirements.

15
At step 524, information is continuously read from the light detector and
computation is carried out continuously until the user has left the sensor.

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

Figure 6 is a schematic diagram illustrating & sensor device/system 600 in an

example embodiment. The system 600 comprises a top polyester fiber layer 602 and a

25  bottom polyester fiber layer 604. The layers 602, 604 each comprise a mesh-like
structure that can stretch over a large area. The system 600 further comprises a
multimode optical fiber section 606 disposed between the layers 602, 604, and a fiber
connector or spiicing joint 608 for connecting the section 606 to an optical fiber 610. The
system further comprises a 1x2 fiber coupler 612. The fiber coupler 612 connects the

30  optical fiber 610 to an optical fiber 614 and also connects the optical fiber 610 to a
detector 616. The detector 616'is connected to an ampilifier 617. The optical fibers 610,

614 can each be a multimode optical fiber or a single mode optical fiber. The optical fiber



5 of Figure 9(b)) and the second set of m crobending el ements are disposed
on a bottom surface of the nultinode optical fiber (conpare nunerals 926,
928 of Fiwonre119(1b)7. In the exanpl e enbodi meatr/SGou/onulet i node
optical fiber 904 can conprise glass 10optical fiber, plastic optical fiber
or other types of suitable optical fibers. in use, the polyester
fiber layer 902 interwoven with the nmultinode optical fiber 904 functions
as a fiber node converter. 15Figure 9(b) is a picture illustrating a

pol yester fiber layer interwoven withsa nultinode optical -fiber in an
exanpl e enbodi ment. The pol yester fiber |layer interwoven with the nultinode
optical fiber fornms a fiber node converter (FMC). In the exanple
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2011/ 016778PCT/ SG2010/ 000162 21 For -exanpl e, when the nultinorie
optical fiber 922 is inposed with curvature bends, the light |oss increases
wi th the nunb@igurst? fseaschrmatisrdjagramaifiastaating Iaesetmemddm@pel?@dteﬁﬁ7d@®f @Ases.
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connector or splicing joint 708 for connecting the section 706 to an optical fiber 710. The
system further comprises a 1x2 fiber coupler 712. The fiber coupler 712 connects the
optical fiber 710 to an optical fiber 714 and also connects the optical fiber 710 to a

20  detector 716. The detector 716 is connected to an amplifier 717. The optical fibers 710,
714 can each be a multimode optical fiber or a single mode optical fiber. The optical fiber
714 is connected to a light source 718. The detector 716 via the amplifier 717 is
connected to a signal processing unit 720. The signal processing unit 720 comprises
display and alarm functions for reporting vital signs parameters.

25
In the example embodiment, the system 700 further comprises a 1x2 coupler 722
(having its two output ends joined together) connected 1o the secﬁon 708 for reflecting
light traveling in the section 706 propagating from the light source 718 back to the
detector 7186.
30

In the example embodiment, the multimode optical fiber section 706 can
comprise glass optical fiber, plastic optical fiber or other types of suitable optical fibers.



-Figure 10 is an exanpl e frequency spectrum graph show ng a neasured
-breathing signal in an exanple enbodi nent. The breathing signal is
measur ed woemiziewer when the user is sitting down on aprchaiGzorandenhen 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. 15In other words, the breathing
rate is about 12 tinmes per mnute. Figure 11 is an exanple
-frequency spectrum graph showi ng a neasured heart beat signal in an
exanpl e enbodi ment. The heart beat shkgnal is neasured froma user when a
sensor mat is -placed on the user's back. The graph shows that the heart
beat 20signal 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 m nute.
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fiber 912 is connected to a light source 916. The detector 914 via the amplifier 915 is
connected to. a signal processing unit 918. The signal processing unit 818 comprises

20  dispiay and alarmfunctions for reporting vital signs parameters. -

in the example embodiment, the system 900 further comprises a mirror 920
connected to the multimode optical fiber 904 for reflecting light traveling in the multimode
optical fiber 904 propagating from the light source 916 back to the detector 914,

25

In the example embodiment, the fiber layer 802 forms a mechanical structure for
creating a microbending effect on the multimode optical fiber 904. The mechanical
structure 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

30 person’s body and a heart 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



15Figure 17 is a schematic flowchart 1700 illustrating a nmethod for
detecting vital signs in an exanple enbodi nent. At step 1702, a detection
unit is pvoendede778t step 1704, a nultinode optical 'filper/sicowonnezted to
a light source and to the detection unit, At step 1706, a nechani cal
structure is provided for receiving a pressure exerted by a person's body
and to cause m crobending of the nultinode 20 optical .fiber under the
exerted pressure. At step 1708, at least a heart rate of the person is
determ ned based on |ight intensity ygriations caused by bending | osses

i nduced by the mcrobending. Figure 15 is a schematic -flowhart 1500
illustrating a nethod for vital sighs 25 detection in an exanple
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eRaTP o rgBAgATR Lemnflobos! AL ARRCHRLILG b BGEATII CHircic oBRNS St of ed
t hereon 'S "use
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optical fiber under the exerted pressure. WD 2011/016778PCT/ S&010/ 000162

23 9®he method and system of the exanpl e enbodi nents can be,
i npl enented using a conputer system 1600, schematically shown in Figure 16.

For exanpl e, .the signal essi e t ake t he
Form of The dbUEoBE=BBABTERr Ve, B0k B AL RE S A SyCp L JE 1o

i mpl1@me rdpéickl fisers pibstwaopticalJibehorasthea types i s@tabler aajicalifidbesi ng execut ed within
the conputer system 1600, and instructing the conputer system 1600 to
conduct the nethod of the exanple enbodi nents. 10The conputer system 1600

conprises a dowpattee potydsice filg0ayer 96 intemwsah sdthshe Imuimegelenfipaidicar 1604 and
nouse 1%8*{8\%0@5Qéé’ﬁ%xjrﬁé’deoéon%ﬁé?m devi ces such as a display 1608, and an

alarm1 ter nodule 1602 is connected to a conputer
network 1612 via a 1SSU|tabIe transcei ver device 1614, to enable access to

gv‘\l'ﬁége Alr 2;?’;\@?& ‘:R@ fal Q%lctﬂf"et WREtkatinY St PEReSHE fibes Idyat #terfo@dh Nahver k (LAN)
multimode optical i ber in an example embodiment. The polyester fiber layer interwoven
with the multimode optical fiber forms a fiber mode converter (FMC). In the example
embodiment, a section of a multimode optical fiber 922 and polyester fibers parts 924,
926, 928 are weaved together to form the FMC. The pitch of the FMC- can be, for
20 example but not by way of limitation, about 1 mm to a few millimeters. The multimode
optical fiber 922 can comprise glass fiber, plastic fiber or other optical fibers. A top and
bottom layer cover can be used to protect the FMC structure of Figure 8(b), to form a

sensor mat by using conventional moiding and sealing methods.

25 The FMC is a device for stabilizing modes propagating in the muliimode opiical
fiber 922 by bending the optical fiber 922 that causes efficient mode coupiing. There are
a plurality of modes propagated in the multimode optical fiber 922 and any external
perturbations on the optical fiber 822 can cause a redistribution of modal power. When
the multimode optical fiber 922 is bent, light transmitted along the optical fiber 822 may
30 attenuate. Bending losses in multimode fibers can-be used to obtain desired information.



The conputer nodul e 1602 in the exanple includes a processor 1618, a Random
Access Menory (RAM 1620 and a Read Only Menory (ROV) 1622. The 20
conput er wodol®14682 al so includes a number of | nput/ QuPPWSGROTDPO162
interfaces, for exanple I/Ointerface 1624 to the display 1608, and 1/0
interface 1626 to the keyboard 1604. The conponents of the
conmput er nodul e 1602 typically communi cate via an 25i nterconnected bus 1628
and in a manner known to the person skilled in the relevant art. The
application programis typically suppkhied to the user of the conputer
system 1600 encoded on a data storage nedium such as a CD-ROM or fl ash
30nenory carrier and read utilising a corresponding data storage nedi um

drive of a d&onexamplagehersiiecBuienye opisaldinss iSeat's APYEEGHENPY ¥ Ed and
control 'b%ﬂg%g%é hght 1080 iRQ 4L RAGIHABE RlirBEe B B4REHYLIERGRS 2R 6 Wid Behdng t he

processor nt ermedl ate storage of program data maybe acconpli shed
usi ng RARGIGHOELrSaNRE above descri bed exanpl e enbodi nents can provide a
device and nmethod 5 whereby no electricity is used in a sensor seat or bed.

The neasurenents provided by the described ex | e_enbodi nent.s_are
non- Pnt r usi véUrhp re, RYsHFRISEg tg?é'?\‘ﬁtfr@‘) GFI?FEH%{ g’e@?ﬁngﬁr%naesegond
cgst - te foped bf/m(ijdw&dmﬁinlgneléﬁ%ﬁt’@ ofsthei médranicansisuadre, the miceatiendiog saflesors. The
above desgri exampl e enbodipents can ovide.a re iye [ er signal
interr o@&ﬁié&gﬁss°aé‘og§aW8’&a? ‘ofﬁ%r?a-nf ip5°é’$°reoy§9Yacn§?gessyé?%rré. é%ﬁé%{%%e above
10 ]gescrprb@ﬁin@xamm@ elerientt asting oncenly pnesiddeofa fiter sucives ya einfiglretionrsy st em
configuration as re t.her ' In addition, the above
descri be"lfﬁhe_ ?@F@%%@ﬂ?‘%ﬁﬁgg% nngf@n\i}:?éﬁ%ﬂ?@ﬁ}[el vetsy sinpler and . better
corrf1@rtab| lity to users -than systens using stick-on sensors etc.
Figure 10 is an example frequency spectrum 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 a chair and when a sensor mat is placed on the

users back. The graph shows that the user is breathing at a frequency of about 0.2Hz.

15 In other words, the breathing rate is about 12 times per minute.

Figure 11 is an examplie frequency spectrum graph showing a measured heart
beat signal in an example embodiment. The heart beat signal is measured from a user
when a sensor mat is placed on the user's back. The graph shows that the heart beat

20 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

25  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 sitfing down on
chairs and with sensor mats placed on the 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

30 61.9587 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.



15The above described exanpl e enbodi ments can provide a sensing device -for
detecting vital signs parameters of a bedded/seated person. It can be easy
to integrabeosumbr7a sensing device to a smart bed/ smart pCHsiGRoMDEls2 can
give rise to potential applications in healthcare (e.g. sleep nonitoring,
vital signs nonitoring etc.), hone automation (e.g. hone appliances control
for smart hones etc.) and non-drug solutions 20 to e.g. |ower high bl ood
pressure. Al so, the above described exanpl e enbodi ments can provi de an

intrinsically safe sensing_ device arl% met hod. In the exanple

enbodi nents, the sensor mat is descri'bed having two | ayers of pol yester
fibers. However, it wll be appreciated that the sensor mat is not limted
as 25 suphls aad aBa 67064 T HearfByats asminube(sert beatattecsnowo oadhe Figuns €3 obendi ng
effect on a rrultl(grgde optical fiber. It will be appreciated by a
person s&iNUERE1A%%)he art that nunmerous variations and/or nodifications may

be nade to the present invention as shown in the specific 30 enbodinents
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structure substantially in a direction of the exerted pressure .

16 Figure 17 is a schematic flowchart 1700 illusirating a method for detecting
vital signs in an example embodiment. At step 1702, a detection unit is'provided. At
step 1704, a multimode optical fiber is connected fo a iight source and to the
detection unit. At step 1708, a mechanical structure is provided for receiving a
pressure exeried by a person's body and to cause microbending of the multimode

20 optical fiber under the exerted pressure. At step 1708, at least a heart rate of the
person is determined based on light intensity variations caused by bending losses

induced by the microbending.

Figure 15 is a schematic flowchart 1500 iliustrating a method for vital signs

25  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 to instruct the computing dévice to execuie the

method. In Figure 15, at step 1502, an optical signal is received from a multimode

optical fiber. At step 1504, at ieast a heart rate of a person is determined based on

30 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
cauée microbending of the multimode optical fiber under the exerted pressure.



15 2. The device as claimed in claim1, wherein the first set of
m crobending el ements are conprised in a first layer of the mechanical
struct ur evandirhie77second set of m crobending el ements areTsGapoios@d2i n a
second | ayer and further wherein the nultinode optical fiber is disposed

, between the first and second | ayers. 20 3. The device as clai med
in claim2, wherein the first and second | ayers each conprise a mesh-|ike
structure. 4. The device as clainmed in claim1, wherein the

mechani cal structure is 25interwoven with the nultinode optical fiber such
that the first set of mcrobending elenments are disposed on a top surface
of the multinode optical fiber and the second set of mcrobending elenents
are di sposed on a bottom surface of the multinode opti cal tLI ber. r2i63i ﬁ.gThe
device as cla rther,_co

the |ight sougggq?écslﬁboﬁ%b{d %?%ﬁm P“h% &%gteﬁ%ﬁmﬁ?ﬁqsﬁﬁaa%&pmal e'fr'? er and
the det etBiPgR QﬂﬁnF?Ut%r(ﬁYﬁ{’)ﬁ"%é@ ﬂdﬁgmaflﬁbleﬁhcmnmﬁrgureﬂar Fdeeerhplagthki ght

modul at i eignhNorob&ssifdl dritBrdSanitid ealbokinSiis Héa/zc?@'ﬁhe wlcﬁtﬁgaéls%i?méd in

I 6, th Si amrror attac Flcal
1(‘: i g:aré at C@ﬁrgutgﬁqugt%gr gﬁ? n?eglpoql 8nf ysterymay dist impdermenied Esesoftwade, afuchhe

optical &s ercomblfér Hregraay bemgasxédutdd fthin e 8bMbdter “dydidnlSfaobCIRE! SI Ng a
1x2 -ti bleﬁrstrugtun% fhe computer system 1600 to conduct the method of the exampie

embodiments.

10 The computer system 1600 comprises a computer 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 1802 is connected to a computer network 1612 via a
15 suitable transceiver device 1614, to enabie access to e.g. the Internet or other
network systems such as Local Area Network (LAN) or Wide Area Network (WAN).

The computer module 1602 in the example inciudes a processor 1618, a

Random Access Memory (RAM) 1620 and a Read Only Memory (ROM) 1622. The

20  computer module 1602 also inciudes a humber of input/Output (I/O) interfaces, for

example l/O interface 1624 to the display 1608, and /O interface 1626 to the
keyboard 1604.

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

The application prograﬁ*u is typically supplied to the user of the compUter

system 1600 encoded on a data storage medium such as a CD-ROM or fiash

30  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



for connecting the light source and the |light detection unit to the
mul ti node optical fiber at said other end of the optical fiber.

9. The dewpcelizaeBai ned i n cl ai m 6,

further conpri si ngraTsc201iob&c2 coupl er

15connected to the multinode optical fiber at one end thereof, the 1x2

fiber coupler configured for

opti cal

the lig

device conprising, a detection unit; a nul ti node opti cal

redirecting light to the other end of the

fiber. 10. The device as clained in claim9, further
conprising a second 1x2 fiber coupler for connecting the |ight source and
ht detection unit to the multigpde 20optical .fiber at said other
end of the optical fiber. 11. A vital signs detecting device, the

fiber
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eseinsors. The above described example embodiments can provide a relatively simpler

signal interrogation as compared to other -fiber optical 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 relatively simpler and better comfortability to users -than
systems using stick-on sensors efc.

The above described example embodiments can provide a sensing device for
detecting vital signs parameters of a bedded/seated person. It can be gasy 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 signs monitoring etc.), home
automation (e.g. home appliances control for smart homes eic.) and, non-drug solutions
o e.g. lower high blood 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 to 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.



rate, breathing rate and body novenent. 14. The device as cl ai ned
in claim13, wherein the body novenent information is extracted based on a
si gnal dewoaviwnetrsacki ng process inplenented in 10t he ®Cysa20pProTessi ng
unit. 15. The device as clained in any one of clains 13 to 14,
wherein for an application associated with breathing, the breathing rate
information is extracted based on a signal filtering process and at | east
one process selected froma group 15 consisting of peak detection, valley
detection, anplitude detection, Fast ﬁnnier Transf orm and Wavel et

anal ysis, the processes being |nplenen ed in the signal processing unit.
16. The -device as clained in any one of clains 13 to 15, wherein for an
20appl i cBLAtMSassoci ated with heart beat, the heart beat rate information
is extracted based on a signal filtering process and at |east one process
selected froma group consisting of peak detection, valley detection,

anpl i tude detbct i ohyvitdzignsRistedtiog devigasthe devieadowprieingt anal ysis, the
processes bei ted in the signal processing unit. 25 17.
The devi ce asQEfEﬁﬁg?Uﬁﬁ an¥ one of clains 13 to 16, wherein the signal
processi ng ur? Muiheds seiical ‘éﬁ!rsqﬂnéguﬁdﬁ@tbiecﬁ@nﬂéﬁtedﬁ@ & light seurch@ngx}er act ed
|nfornatmgmbﬁﬁgé§uﬁhe device as clained in any one of clains 13 to 17,
wherein the sign processi ng unit has an alarm function inpl enmented

t hereon for a%%%%ﬁﬁ“ﬂf@ | sifugiuis Frpigiad JAr rereivng i PressUrs eeied itina 28

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
10  the person’s body, and to cause microbending of the muitimode 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.

15
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 'fibér is disposed betfween the first and second layers.
20

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

25  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 opiical fiber.

30 5. The device as claimed in claim 4, wherein the mechanical structure
comprises a mesh-like structure.



19. The device as clained in any one of the preceding clains, wherein in
use, the multinode optical fiber and the nechanical structure function as a
fi ber nodeoconwast’er. 5 20. A method for detecting vitalPCTisgneLo/obéie2 met hod
conprising, providing a detection unit; connecting a multinode opti cal
fiber to a light source and to the detection unit; 10providing a nechani cal
structure for receiving a pressure exerted by a person's body as a result
of one or nore of a group consisting of a novenent of the person's body, a
respiratory action of the person's bog% and a heart beat action of the
person's body and for causing m crobefiding of the nultinode optical fiber
under the exerted pressure;and 15wherein the nmultinode optical fiber is

di sposed between fThetdenited scekifleddt 2n9fond of dhe pebdadingl 8@y Judhert he

T BB e AR Pt A ) Sl bR B B> ©
20m cr obdatiiction ehitwentsisas @ ightpietestion iunitafof dektihqyight mbddibonmiectheni cal

structur ﬁﬂﬁj set of mcrobending_ elenents are conprised in a
second I§1yer %éndggt fﬁ&? wherein the multinode optical fiber is disposed

bet ween the first and second | ayers. 2522 The nethod as clainmed in claim

21, wherein the {1 Al qapd. secailch By 8L BAAMGPERNLANG TN Lidkhen

structure. he od as clalne
st ruct ur tothe multimode optlcal fiber at one end thereof for reﬂectlng light to the other end of

the optical fiber.

10 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 8, further comprising a 1x2 fiber coupler
16 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 8, further comprising a second 1x2
fiber coupler for connecting the light source and the light detection unit to the multimode
20  optical fiber at said other end of the optical fiber.

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

a detection unit;

a multimode opfical fiber configured to be connected to a light source and to

25  the detection unit;

a mechanical structure configured for receiving a pressure exeried by a
person's body and to cause microbending of the muitimode optical fiber under the
exerted pressure and;

wherein the detection unit is adapted for determining at least a heart rate of

30 the person based on light intensity variations caused by bending losses induced by
the microbending.



s interwoven with the nmultinode optical fiber such that the first set of

m crobending 30 elenents are di sposed on a top surface of the nultinode
opti cal fwbeniiana778he second set of m crobendi ng el emenPeT@aGeoBIs@EEsed on a
bottom surface of the nultinode optical fiber. 29 24.The nethod as cl ai ned
in claim?23, wherein the nechanical structure conprises a nesh-1ike
structure. -525.The nethod as clainmed in any one of clains 20 to 24,
further econprising inputting light into -the nultinode optical fiber and
detecting |light nodulation in the nul é.} node optical fiber. 26.
The nethod as clainmed in claim?25, further conprising attaching a 10m rror
to the -nmultinode optical fiber at one end thereof for reflecting light to
t he ot her end1df 'Time devidecas tiabeed in claim 11, @Rerelheheetiétedions ualtai med in

claim 26, - . [Si ing a 1x2 fiber coupler for connecting the
PR SRS

l'i ght sourc ron unit to the nultinode 15optical -fiber
at said other end of the optical fiber. 28. The nethod as cl ai ned

in claim 25, urt APLL Sh.- ' %%fi .-t he

mul ti node opt?%'al ?ﬁggﬁg?%%?e%ﬁé(%?ﬁgﬁg??wﬁ e th %?%aé%%é%%%f%ﬁﬂlt

conf i §ur Edcanfpuied dp extactigformafinn af @t ieast ondheta graiipotonsisting pf hesal béatber . . 20
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
10  the signal processing unit.

16, The device as claimed in any one of claims 13 to 14, wherein for an
application associated with breathing, the breathing rate information is exiracted
based on & signal filtering process and at least one process selected from a group

16  consisting of peak detection, valley detection, ampiitude detection, Fast Fourier
Transform and Wavelet analysis, the processes being impiemented in the signal

processing unit.

18.  The device as claimed in any one of claims 13 to 15, wherein for an
20  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, ampilitude detection, Fast Fourier
Transform and Wavelet analysis, the processes being implemented in the signal
processing unit. ' ‘

25
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.
30 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.



29. The nethod as clainmed in claim28, further conprising using a second
1x2 fiber coupler for connecting the light source and a |ight detection
unit to twe ultisTede optical fiber at said other end ofcrise2apioneiat fi ber.
2530. A nethod for detecting vital signs, the nethod conprising, providing a
detection unit; connecting a multinode optical fiber to a Iight source and
to the detection unit; provi ding a nmechanical structure for
receiving a pressure exerted by a 30 person's body and to cause

m cr obendi ng of the nultinode opti cal éiber under the exerted pressure; and
30 determ ning at |east a hearf®rate of the person based on |ight

I ntensity variations caused by bending | osses induced by the m crobendi ng.
31. The nethod as claimed in claim30, further conprising extracting

oy O On 96 2 rheaali 20 col e B SHP RSO bt b Bha 1EORS PRSEEC S
32. The msg¢hthe msltiologiengsticanfisdraand ik mskRasical $thetiredyncivneasat fiber
01 0T LR Brfghgt o] Based on 2 Signal deviatian Lracki no process. 10
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20. A method for detecting vital signs, the method comprising,

providing a detection unit;

connecting a multimode optical fiber to a light source and t{o the detection

unit;

10 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;and

15 wherein the muitimode optical fiber is disposed between first and second sets
of microbending elements of the mechanical structure substantially in a direction of

the exerted pressure.

21. The method as claimed in claim 20, wherein the first set of

20  microbending elements are comprised in a first layer of the mechanical structure and
the second set of microbending- elemenis are comprised in a second layer and
further wherein the multimode opiical fiber is disposed between the first and second

layers.

25 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

30 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. '



application associated with breathing, the breathing rate information is
extracted based on a signal filtering process and at | east one process
sel ect ed woamia1grsup consi sting of peak detection, val lpey/Sdeowmniien,
anpl i tude detection, Fast Fourier 15 Transform and Wavel et anal ysis.
34. The nethod as clainmed in any one of clains 31 to 33, wherein for an
application associated with heart beat, the heart beat rate information is
extracted based on a signal fiItering process and at | east one process
selected froma group. 20consisting o peak detection, valley detection,
anpl i tude detection, Fast Fourier Trd %form and Vavel et anal ysi s.
35. The nethod as clained in any one of clains 31 to 34, further conprising
di spl ayi ng the extracted i nformation. 36. The net hod as cl ai mred
in any one of_,clai o 35 her .co r|S|n ctiv t|n arn1based
on th)e ex“trac%‘g ﬂs%?‘ﬁﬁ}oido?? él@‘?'eo{r'ﬁed?@t 1% MsF FH' g‘n%r
cl ai ns 2€orhprists, a mizet-dkanstrivturda0mul t i node opt [ cal fi ber under the exerted
pressure functions as a fiber node converter. WO
2011/ 016778PCT/ SG2010/ 000162

5 25. The method as claimed in any one of claims 20 to 24, further

comprising inputting light into the muliimode optical fiber and detecting light
modulation in the multimode optical fiber.

26. The method as claimed in claim 25, further comprising attaching a
10 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 conneciing the light source and a light detection unit to the multimode
15  opfical 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 muliimode optical fiber at one end thereof, the 1x2 fiber
coupler configlred for redirecting light to the other end of the optical fiber.

20
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 io the
multimode optical fiber at said other end of the optical fiber.
25 30. 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
30 person's body and to cause microbending of the multimode optical fiber under the
exerted pressure; and



31 38. A data storage nedi um havi ng conputer code neans stored
thereon for instructing a conputing device to execute a nethod for vital
si gns detwotnnmiet7Be met hod conprising the steps of, reeerscagoancepti cal
signal froma nultinode optical fiber; and 5deternmning at |east a heart
rate of a person based on light intensity variations caused by bendi ng

| osses i nduced by a mechanical structure configured for receiving a
pressure exerted by the person's body and to cause thicrobending of the
mul ti node optical fiber under the exegged pressure, 10

determining at least a heart rate of the person based on light intensity
variations caused by bending losses induced by the microbending.

31.  The method as claimed in claim 30, further comprising extracting
5 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.
10 |
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
15 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 filtlering process and at least one process selected from a group-

20  consisting of peak detection, valiey 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.
25
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
30 multimode optical fiber under the exerted pressure functions as a fiber mode
converter. ‘ '



10
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31

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,

receiving an optical signal from a multimode opfical 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,



