1 A Baby Mnitoring Mat based on Fiber Optic Sensor Field of Invention
This patent invention relates to a Baby Monitoring Mat that utilizes Optic

Sensi ng systeifigfot he detection of presence of baby, asciRlchoBmosiRyenment
and breath count thereof. Background Currently, there are products in

t he consunmer market that can detect baby-breathing novenment using different
sensi ng technol ogy. One nethod is based on piezoresistive pressure sensor

pads that are placed 10 beneath the mhttress for detecting movenents. This
type of pressure sensor pad consists of a mnicro-nachined silicon diaphragm

W th piezoresistivea BhbpMonidkHEg Malivakbd 8 Fibérooptic séasgd to a silicon or
gl ass backpl ate. Pressure induced strain increases the value of the radi al
resi stance. This resistance change can be high as 30% The resistors are
connected as api§si mvemforBri dge Circuit, the output of 15which'is directly
proportional ‘to the pressure applied to the pressure sensor pads. The

pressure senso ad et ect. every novegent,of. the by sl eepi .on the
mattress, incl ﬁm%n%ﬁ%'ﬁe'%‘f%*'% rej%tg? & abgg%WT"‘%ﬂg @%Ctﬁats%lﬁ%gsr %'? en
provi des fGé¢rsingadystem fondite detestios df romemehcayhf bahysias iwelltas mbvenieat pnéssur e

sensor pad : v rqundi ng vibrations transmtted to the pressure sensor
through-p.t h%'regtgge -r}tgﬁrf%éjés?tructure. 20 Further, such pressure pad woul d not
work properly on-a "spring-based” mattress. In addition, although such
pressure senso}kaggﬂ,dpﬁdalso able to pick up breathing action, but it does
not provide any breath count because it is not able to differentiate the
type of nmovenents occurring on the bed. There exists another sensor that is
based on the plUpeRt; Bereprepradusts i the cengunmer st that cap Seiect Paky- pvDF

pol yner fibredthiag neovEyiBattusig liffefdnns@Rmgaschinbloget ect the breathing rate of an
infant. Such sensor uses a PVDF-nonitor dévice clipped to the waistband of

Strain 1o the b GRSl e Bre e prestlrd sBNOFBAL MR SLTpbpg L ES
det ect ithig beneath the mattress for detecting movements. This type of pressure sensor pad
_consists of a micro-machined silicon diaphragm with piezoresistive strain gauges
diffused into it, fused to a silicon or glass backplate. Pressure induced strain
*. increases the value of the radial resistance. This resistance change can be high as
30%. The resistors are connecied as a Wheatstone Bridge Circuit, the output of

15 which is directly proportional to the pressure applied to the pressure sensor pads.

The pressure sensor pads detect every movement of the baby sleeping on the
mattress, including breathing action by baby. But such sensor often provides false
alarm that arisés from high sensitivity of the pressure sensor pad to any surrounding
vibrations transmitted to the pressure sensor through the bed frame structure.

20  Further, such pressure pad would not work properly on a “spring-based” mattress. In
~ addition, although such pressure sensor pad is also able to pick up breathing action,
but it does not provide any bre.éth count becauéé it is not able to differentiate the

type of movements occurring on the bed.

There exists another sensor that is based on the properties of piezo film (strip

25 of piezoelectric PVDF polymer film) as a dynamic strain sensor to detect the
breathing rate of an infant. Such sensor uses a PVDF-monitor device clipped tb the
waistband of the baby’s diaper. When the baby breathes, its stomach movement
causes strain to the piezo film materials, which generates the signal for detecting



2 breathing novenents. Such sensor, however, also provides false alarm
arising frombad contact between diaper or nappy and body of baby,

especi al Ilyoih1dfigsdpaby body circunference is small or therficapaloofss nappy
is too large or too | oose for the baby. Further, such sensor is also not
able to provide any breath count; only detects for no breath novenent.
Summrary ~I'n one aspect of the present invention, there is provided, a
Baby Monitoring Mat that conprises of a sensor mat having a top nesh |ayer,
a bottom nesh | ayer, and two flexible sheets and an optical cable, wherein
the opti caPreé@lﬂgé“Q@"\eBﬁt Sych sensel Bewevehdlsoqienidastiaee alarmbatisiRe P he t op

mesh | ayer paebritdte ba%b@ahaasd? naBdeand 55§ of BEoy, Ie@&écml@.fsm@&tbsf Hody t her

sandw ched t he torgge }llay% and t he bottom nmesh F bv\gen form ng
sensi ng ar 85T 't fEal P thl?I'aé’e%ﬂ r@ppgiﬁtpaéaége L °P5‘H’F §‘HJ 28%Yr feeding
| i ght fronFatrer,sudesafsot isalsopiot atié toomblide ary tphath eduradenlyf deteatetoradi ng | i ght
attenuaglogreglth r“}/% per end of the optical cable; a printed circuit board
having.a processor connected to the light source and the photodi ode,
wherein the pr ocessor - operationally receives signals fromthe photodiode,

t he si gnal s ar rocessed to determine novenments and breath counts. The
signal s are gef MR AY based on the | i ght attenuation changes al ong the
optical fiber cable detected by phot odi ode, " the light attenuation changes
are oper at i onall? gne aspesHolipe praseptdnyantion, fthesaris peMdph Peyt Motiatiagsed by the
nmovenent s madthar &¥iptises of a serlsBr maﬁh@lﬁg@tdﬁﬁﬁésh |me A b@him En@'slrﬁ Qﬁeﬂ s a light
emtting dlqg a'h flexible sheetslcﬁé |-at ex - desired that
the opti caf"% Meeflexhie sheqis #pd a8 QRYFY; @ewaﬁief”cgﬂle qqt'f)%rca@&b'ﬁéom rther, the
t op andoboadross areissantiaigbed inEdetvoammthe &g gestdlapsrtandrins battbaptredh tayegui de and

protect ¢ gl LbRERNORL AL, LBRIopSE ool BULF ML i ind pSNIpIaE) ool mnner

across 't he sen east about
20mm apar t laygrinalyrivérsy foernbgoaenam ar&tahecrt)@pﬂanﬁhxm smﬁtlsagieqe of lightsh

Conpri ses SyEEbLF febdihg %Htﬂoﬂadnteesfdé &We‘?@dﬂcé}tcaﬂﬂ@aébhcﬁm&&e ioNdBiéRAg | ess than

about 8 mm apart with fiber turning hooks with spacing of about %Onm apart
to guide t ¥t ALANUATIRSHR “E?p?tl“?!aﬂ”dqu B‘@rOPélﬁaf'G%@e t%'”&%@’é\ﬂ"t 'F\%?cfd having a In a

f urt hers enmpeeésgBnéannbdied By liffrdoleeidng tMibhdMOJeUthr@rn e mRycessra flexible
bri dge for _connec rs for n aby

i sandw ched h, |
Vo Sor | naCRBRRRE L BepkT sRrde o the dFitasiosh i Pife MECSRE 1By
Moni t or i ngdé@hrlrnmmmof/emermaand:bmwhiwenta e sigesls ate gerecaed/ basedrontthe pri nt ed
circuit bo ijatt%w]%{l dn&s Woh t%sépn'ic&@fris%PSébY@gethS& %ﬁ PhotolBAS Mhi S status

i nfoormat i o suc y prese novenen counts,” to a renote
di spl ay unfight ag%rwnt'%@hangmarmp@rﬁé'ﬁﬂad'Y@ﬁU%ﬁﬁ’ebys@ﬁwﬁcahﬁberd&ndlbe l9fbni t or ed

t here tHhr ogliRed by the moV@InentUéﬁb pRafy Monitoring Mat may further conprise a
baby wake up soc¥< el ectrically connected to the printed circuit board, the

vake up 00k | 5, WRE AR HORRY sSubeS o Y Shiing o fi Boggek v brates

when t he sensor gﬁ?ects Z6ero presence on the
sensor mat sheets may be latex sheets It is desired that the optical flber cable maybe a

- multimode optical fiber cable. Further, the top and bottom mesh layer méy comprise

grid patterns adapted to guide and protect the multimode optical fiber cable routed in

25 ~a symmetrical .manner across ihe sensor mat. The optical fiber cable may be

' sp'aced at least about 20mm apart. In another embodiment, the top and bottom layer

of mesh comprises symmetrical grid pattern spaced at least about 5mm and less

than about 8 mm apart with fiber turning hooks with spacing of about 20mm apart to
guidé the mUItirhode optical fiber aCfoss the sensor mat. ' "



I n anot her aspect of the present invention, there is also provided, a
nmet hod of detecting novenents and breath counts of a baby on a nat. The

met hod cogpreeSsdid provi ding an optical cable for rout ipagsessiQmsocsnd
sandw ched between the mats; and detecting novenents on the mat through

acquiring light attenuation changes along the optical fiber cable, wherein
the Iight attenuation changes are opegationally caused by the optical fiber
bendi ng | ost caused by nmovenent's and breath on the mat. 20There is yet

anot her aspect of the present invention, that is, a nmethod for nobnitoring a
baby' s novenentin anfdrtiharezmbodimmanhtthe Gaby I\Ba’banMJMat oRy rigthehtcompdss di ng to the

af oresai d r ording to
t he afor esgﬁwggﬁ@ﬁ%% fhoe%g'%iwol %@1’& ([?!rj P'S?S:N?F‘]yéﬁ fé}oﬂlgwgv&ﬁﬁg%%EST he

i nvent i on Menitasisg Mablodbed9ldaRlg: of - non-1imiting enbodi ments with reference to
t he acconpanyi ng .FI GURES, in which: FIGURE 1 is an overall systemof a
Baby |\/an t or i ngn leAdthemembadimeratn te BattyhMonieoriagbdati men turther cbrapirees ent

i nvent ' n, wnréess ttrans]pg %/??‘A%Eth% 6rl$1 etdh&‘rcﬁ%Bbgrqeghyﬂeﬁw\’\fhgfvt%éggyang@e{mtrOr' ng Mat

in one enbod esen i nvent e Schemati c
Bl ock di. agmﬁwbﬂ traﬁSBabystatmnfpmatwg sneh a$ baby Fresenpr mayater anrireah t he

present i né’cﬁMs‘ Rﬁa renﬁt@i@ﬁa){luﬁlﬁ s&é?ﬁh@trt%ﬁwo@&ﬁédt@an e RnSEMSAaBE Of FI GURE
2, " "FIGQURE'5.i’'s the expl oded ‘view of the: f eX| bl'e bridge connection to

t he rresh sf‘"Pﬁ'E’t"iﬁ'@er&ﬁHW% optical cable;
DS Yet the Baby Momtormg Mat may further compnse a baby wake up sock.
10 'electncally connected to the prmted circuit board; the wake up sock is wearable ona
o babys Ieg, whereln the wake up sock vibrates when the sensor detects zero breath
count when a baby is presence on the sensor mat.

In another aspect of the present invention, there is also provided, a method of
-detecting movements and breath counts of a baby on a mat. The method comprises
15 providing an optical cable for routing across and sandwiched between the mats; and
~ detecting movements on the mat thrcugh acquiring light attenuation changes along
the optical fiber cable, whereih the light attenuation changes are operationally
caused by the optical fiber bending lost caused by movements and breath on the

mat.

: 20 There is yet another aspect of the present invention, that is, a method for
monitoring a baby’s movement and breath counts on a Baby Monitoring Mat
according to the aforesaid method, wherein a Baby Monitoring Mat is configured
according to the aforesaid specifications.

_Brief Description of the Drawings

.25 The invention is described by way of non-limiting embodiments with reference
to the accompanying FIGURES, in which: '

FIGURE 1'is an overall syStam of a Baby Monitoring Mat in accordance with

one embodiment of the present invention;



FIGQURE 6 shows the flexible bridge design together with the optical fiber
before and after bending 10FIGURE 7 is a bottom | ayer nmesh of the sensor

mat i n yayoaopifigfenbodi ment of the present invention; persgofloRdsE 8
shows the | ocki ng mechani sm between the top |ayer nmesh and bottom | ayer

mesh; FIGURE 9 is an Optical Fiber Cable assenbly in an
enbodi nent of the 15present invention; FIGURE 10 is an Optical sensor
assenbly in an enbodi nent of the .pres%nt i nvention; i FI GURE 11

shows' an Optical Fiber Cable assenbly of FIGURE 9 and an Optical Sensor
assenbly of FI GREREQ i$ thatExplogedgig@dh b @abj Monitding IMdith drie ex@sddinzéiet her ;

FI GURE 12 Iustratl on of Baby Mbonitoring Mat when used in a baby
cot; FI GUREﬁ?L%prgﬁ% VRPOhs i ghal. patterns for Baby presence detection;

FI GURE 14 exenpl i f| es signal patterns for Baby novenment detection; FlIGURE
15 exenpl i fi es F$FREIS Edg@ Schematisy Blpgh giagiagnoha EsontMatéteringt Mehin and

25FI GURE. 1@1nﬁéfeﬂﬁﬁobfrﬂe@tﬁof&hé]@kerﬁﬂi\/bﬁroﬁs for Baby Apneic Episode. 5
Det ai | ed Description - he fol |l ow ng descriptions of a nunber of

speci figc and. aI Ec?uﬁ@&'.%’ﬁe%%g’ Jﬁ?r%fsa r}go,prhg f(tif'é]l.g] under stand the

inventive features of I nven " be apparent to one
skilled in the art hovvever that this invention may be practiced w t hout

such specific GEFURE § s Berpxpioped Kgw 9bihg fleé'bf?atgf'dﬂbtco'b“@cﬂ@s'@rth%ws'i’ n length

so as to ngtucmbeswmebb@ammtl on. For ease of reference, cormon reference
nuneral s will be used: throughout the figures when referr| ng to sane or

sim l ar f eat ur @?G@WEHJV\% ﬁtQQIe%'oQubrﬁﬁ;e design together with the- optlcal fiber

R before and after bendmg

10 ‘ FIGURE 7 is a bottom layer mesh of the sensor mat in yet another
embodiment of the present invention;

FIGURE 8 shows the locking mechanism between the top layer mesh and
~ bottom layer mesh;

FIGURE 9 is an Optical Fiber Cable assembly in an embodiment of the

15 present invention;.

FIGURE 10 is an Optical sensor assembly in an embodiment of the present

invention;

FIGURE 11 shows an Optical Fiber Cable assembly of FIGURE 9 and an
Optical Sensor assembly of FIGURE 10 that are assembled for coupling to each
20 other;

FIGURE, 12is an iIIustraticS)n‘of Baby Monitoring Mat when used in a baby cot;
. FIGURE 15 exemplifies éibhal patterns for Baby presence detection;

FIGURE' 14 exemplifies signal patterns for Baby movement detection; '

FIGURE 15 exemplifies sigriatl patterns forgBaby Breath count detection; and

25 FIGURE 16 exemplifies signal patterns for Baby Apneic Episode.



The present invention discloses an optic fiber sensor enbedded to .a baby
10 mat in accordance with one enbodi nent of the present invention. The
fiber cablghi/meubed within a sandw ched structure insipgg/sicheiifpasgs mat .
Non- coherent |ight source is coupled into the fiber cable for operationally
emtting light for travelling along the length of the fiber cable. Baby
breat hi ng novenent on top of the mat will cause light |ost due to interna
reflections fromthe macro bending | ost caused by the 15 sandw ched
structure. These reflections will create distinct |light attenuation pattern
when measur ed \Wetdiled Deisghiptiatet ect or. By processing the |ight attenuation
signal pattern detected through the |ight detector, detection of novenent,

breath count ande prAswiAg e dedcri ll'tﬁﬁsb@bYaOHurhﬂS@ Rt s;fe@rﬁcbandil Afephpngi at ed.
Figure 13 to 16 illustrate

e Si atterns ener ted b the mat
for the pu?’BB%dérE i ad"étpé%“ﬂqseﬁgtoBH r?@%ﬂ?s@ﬁ%@'veﬁﬁ%t@%én?f Br¥&tH" count and
apnei ¢ epi moergion. IFsioallrise dfpasdnd e ot ekitidginahe afft, ovesaehihagthisivesreioh whi ch i s

char act et gggl oV 2Rl AbS SIS MAKE LICOLHAl B FRTSLARt raab pude and

dur at i on. I"on ermne Ru e nmeasur e S. Figure 16
shows 't he geserkateinalengthage apreinet epsasirlthenwneemioy. Foreeaseapleraferebreeat h cycl es

in bet V"eencorﬁﬂor@%@rbﬁceeﬂ!ﬁ&% wilngé u%d lhr&%’ﬂ@ut%@ figfre@WMERMr&arring 16! assified
as 15 seconds of--no breath cycles. |gure 4 shows novenent di Sturbances in

bet ween br%aé‘?%?rrﬂma/&ae‘s‘es RMBALIRERR fickiRsnt | s deterni ned-when the anplitude

of the: si gnal - changes at least. 6 tinmes of the anplitude of nornal breath
cycl es for a p@he pdesent BVadion mkslosE gniopticl Bbes sensortemebedderhto afbabyt of mat

det ect 90 mfin IRBliASyN AR oofindrERrShe BRI oMt qnaEll dbfeS an ot of

mat event. he opt c I ber sensor o ove e ment, provides an

i npr oved rr@e'WQrW'@E‘I a sgpIoneg Sidettre Bipideres ballyl mateNemeohsrent hight sawge cormes into

direct con’g%hpw trito fh'éqlb@ﬁ&atmé foh@bléraﬁ’odéﬁ*} b iﬁ? IlgHt Q?ir&%@ﬁhg%r@hh@an cause
unnecessar accura nsi ng. Further, the

ey TT v nggf of (e Thzbbs Bt ChreBed PR B U OB b R SR BITHES 1901 br soour e

sensor or ltedué ke heselsefiédions floas ade OﬁadmCUe(ndingnﬂBmgalﬁsfedl bghhe passi ng

L oughs  NErbiyRREs ooV ANLBISRURLYE I SHAIoRl 00 R AABI LlbY pRlermoour NG

baby breath coun presence
present ‘i nweett mnsuremevnpre@efntdm Byt processing the dibht attenuatioghsigrahd por t abl e

to be USEdpétt'érr%été&éc?ﬂ‘;ougﬁ‘(ﬂer I@Hf‘@é?éc?or detectlon Bhﬁo@@#é’nt '\ﬂ?@dtﬁ QSGr{?QnME‘t i's

typically placed tress. can be

power ed byp'B%R"lcéP{/"@rbaAUD@%'HatpqaﬁrbeéUpFﬁﬁ@H'?@é F'Q“rlehb3 tRdf. '”“Wi@ﬁs ﬁlbwered by

batt_e(r]I Y, ]Etlﬂé s{r@dal I@ttmétg’ﬂhb@teﬁndy ané) e foF Ak lhurfdbés ©op dbkctimnidagy t he baby
out si ? of t
P

cot V\'{th reference t .Flegliﬁliel a Bab
Vo  oP? ngP 8 JHYATiBRl DipaltcRuB] ATAevs 5P RaeeeT BLte reBae S and
Par ent Conefrykatbiing tm@kMentTwhicke e chiazacierezad dy 4 periddensioe wské¢ ohasrtampt | cal
fiber cablg, E%ﬁ?%{ﬂﬁ;ﬂmb@ %Wot ﬁOTﬁQa&l id eg&gm.ﬂ% Qﬁ%b&%{ iflRENCe,
novenent and breath count when aby Is placed on i ron| c Box
measurements. Figure 16 shows the phenomena of an apneic episode whereby
there are no breath cycles in between. An apneic episode that will generate an alarm
25 is classified as 15 seconds of no breath cycles. Figure 14 shows movement
disturbances in between breathing cycles. A movement event is determined when
the amplitude ofjthe signal chenges at least 6 times of the amplitude of normal
breath cycles for a period of 5 seconds. Figure 13 shows the event of out of mat
“detection. An amplitude drop of at least 8000 in value signifies an out of mat event.

30 The optic fiber sensor of the above embodiment, provides an improved
mechanical coupling whereby the full weight of the baby comes into direct contact
with the mat without a mattress in between which can cause vunnecessary



15 410 can be powered by an external AC/ DC adaptor 510 and/or with battery
installed inside the Electronic Box 410. An external alarmdevice 710 can
be conneoy@dofp1kfie nmat to provide additional notificatipeiyseroGlobdossal
events detected by the Sensor Mat 210. A stinulation device in the form of
a wake up sock 610, for exanple, can also be attached to the el ectronic box
410. The wake up sock 610 is integratgd with a 20 built-in vibrator, which
will jolt the baby's feet when zero breath count or any predeterm ned
condition js detected. The wake up sock 610 attenpts to agitate the baby to
resume nor ifgrerneatodhe geqysacy of thewanging- £ H@thatf‘éﬁPNﬁéW'tY of tB%P% SARROT fi ed to

response tgastit@rdve®yveér tﬁ@@&vﬁht@nﬁf&e&?@éﬁns@éﬂth@hkeLlﬁlécTaué’el@ls teded Par ent

Control Unit 310 0 ona 0 [ with t El ectroni ¢ Box 410
o rel essi yon mecsend RSS! Gk GRApatOiTINE 1B’ b Bebderual o B Bur of

mat / pr esencapabilg oy maamﬁmgrttabalbnbaBamuanmmenmnﬁ presanice auauisely. W ar m of
events detg t ihle alarm or
Vi bratlg (%B%%np%\g Q%ﬁ g%nﬁ‘giﬂgfgesent a%g & ghtbg “? e'ﬁvq\'n%r%lltess range.
Wien Par en@nd@sintaple|to Dmufted:itldlffefv,snmrtvsw@erttme Wi reI ess range of the Baby

Moni toring Mat, an out of range alarmw || be sounded. 30FI GURE 2 shows the
e>r<£| gded Vi eW crhetsmey BadntoiManMeDIsi hgicaptpldtha ih thaieasy Bansietop déifthene -
enbodi nent sent invent i t on i up of the
sensor. whi cﬁnrg%% E Ocian(g: R O??yb%?méyaﬁr Q&;??’? (5)@ dé:anner‘fea?nﬂglﬁ%ym*retrlcal
manner . wi tmat G’Mhérayemera@$>lyldzattﬁl2(0 trzezmaamjpwmble)andi agebenebgs ®@P10 225 acting
as the . gptj, ﬁﬂorﬁ%?aﬁyg?{bﬂﬁ o pab\fwich and secure the optical fiber 217 in

pl ace. - In t ottom I ayer meshes 221, 225 and the top | ayer
nmeshes.- 220, 224 he e is f e 222 which acts_as a hinge which
bi nds all the Wi {ﬁfﬁ”f’?&’ng'eﬁﬁ%ﬁ %’d %V@?”W%‘f@?pf% 89S Y % he bot t om
| ayer nmeshzt, 22Elélzﬁﬁnmc&g:etherandaesameSCMtrw|ur|g FbeThoumtirerasdaes thoget her,

the main f ) ( i) h

Voni ¢ or i ng NP S SPYEy b eabls SrBhidedlin 8iept o BRI SISTEBEY Le more
conpact f opresange.dgevemeat mirhraajheourtbwherabat;mmglamotmglt Wheﬂfletcnemb&by At the
f ol di ngs edgR. cahhie Jdv%dbdyeanbéy&émaﬁ A@@CQHéﬂgﬁ%ﬁ%dfb‘?Wltﬁ%Ene&Q r{?{am@& cable 217

such that it is not bend at an acute an brea tical
fiber cabligsigqthe Ef?fémf"aﬁ*oré}%rf\ﬂr@%ﬁﬁnaiﬂwws\ﬂa%a1%mtzﬂﬁqnwé?d Wé%% 221, 225

t oget her whattotgrevidd @d&iltbinel rbcrtinehgnen%?znfidar BYnREJSBRERDBY HHB SGnsBE AL € and | ock
attern defined. The

th ti fib 217 h th i

toS ngle(r: % I'eAxs EW%? ge\ﬁ%et'f]é?ﬁ ﬁé’?é’fa gl&g%pfg%kr gt%ﬁ]r%égmmet A AR prot ecti ve
cover 240 bhesattacbed thethetabectrbnis donxl il @ hTheheakeesih esckvd tohis titegratetiivathl a f | ber

cabl e 247 ﬁﬂpﬁdﬁﬁﬂtotro h@ﬁ&ﬁgﬁt BBy TRet 2Hen 206 5T You Er J“?rom ¢ box

attached in place on t tronic ox op Kousi hg
bot t om hou¥ Pﬁ’ﬁjergi@d CPRAitig iscdetasiade Thwakel op senks§19: ajtegiptsatosiaterthe ox

assenbl y myaadeamneeh@ﬁtau %FHafher:{ béﬁe%j whils Ghd Ear@@@érdls%%g ::Bii‘ﬁe@l%' cal fiber
cable 217 is connetﬁ%% to tg x ass is the brain

that 20 cdftRYpe! o1 &8 ﬂFePb ! Wéﬂ 3%6“‘* ?ﬁ@”b@%’&w YAt ¢ printed
circuit bo3mods %é’raﬁmtaﬁmbrhhm@h@|W|tbmﬁa)ErbcthMImWeI@styerml@ds gonnect i ons

to AC 0, P s ED|n ctro ox, bottom
housi ngggi@?p? tro 'ﬂ%}‘lﬁagéeg] i Suc‘ﬂt rren% y 0r%l0 %re?%’PeE% Ya'T‘?Vﬁmeé‘ﬁa%‘? 4 pieces
AA batteryBah?IEtBBJREcguntICmeo@d)eémmmf@mtﬁdagcptadmmhetsleesctsamm 24Bns t or i ng Mat
210 in 25 .aaasaeaia«nﬁ%nwuemeaa‘r;%h&rrv.@amdafwto @Bt %Qﬂro‘?[ﬁﬁ‘é% @;t' on.

shown in FIGJRE 3, the optical fiber san lnt
Moni t or i ngVilet t@w"%l%ssswa% WHerFPemEO?nV@ %hﬁﬂbﬂ%autﬁlée éh%é’HQ'GFS box

assenbl y 8@Age dhheBats MbeoBRIAN ah H@NS! vdhigs Bladh Wilksd douRddd. event s are
derived. The basic principle of the sensor is based on nmeasurenent of |ight

attenugfion | opg; ganer el RY JBRLE Q/Wbp%eeégﬁfﬁwoﬂ{torﬁaeMat 210 in
accordance with one embodiment of the present invention. The central portion is
made up of the sensor which consists of optical fiber cable 217 winded in a



30 optical fiber cable during baby breathing novenents. A nultinode fiber
Is used to channel light through relatively tight bends. Froma long term

mechani cayongldabidi ty standpoint and to limt |ight atipeggebiQmodisem bend
| osses, the bending dianeter of the fiber nmay be limted to be greater than

about 20mm An- optical sensor assenbly 8 811 is adapted for channeling
light froma light source 813 as well_as detecting light using a light
sensor 812 attached at the tail end of the optical fiber. The construction
of the lIight coupling assenbly structure enables a standard LED and

Phot odi odesynomdtecad mberthde avith utop Ihiwtméélnesozmi,ml arfd bettont dayebanesbesect ed to

the Str UCtiiepisiie 3L 380G ROECLOLRHER e Mol LI HEbhRLER e

processor € bral rentiation of the signal
channel ed 24t iougiicet etheirhiddle oftie tmﬂoer lev&rendeahghtﬂt,aaﬁ erd 81E3topdaperi nt o t he

fiber Sens%sr%%rdéﬁtzﬁﬁ%%hé P&uﬂl@ghﬁg%tﬂémcﬁ% &%‘ﬁ:h?&wh@ﬁ%%s%ﬁeat ed by

baby movenent  whi ch causes % attenuati on | osses o |1 ght received
by the Fighe feenrastions1d the tamByerampshes L29i224randoihe ibettempayer Merdepr ocessor

10 anal ysegofdps t@éétl@é?@éshdé@ blramg e foor Fledres Ifagameewwmamsmhora& th@by
presence, MRMRTERoe M Lloauhe 9 Bloy WSR-S Rk SYPES Budtbh Sohachsd by the

processor,
. ‘Baby Monltormg Mat can be more compact for storage and portable for carrymg

= '_'falong W|th,the baby. At the folding edge, the flexible bndge 222 guides the optical

10 'fibe'r‘scable 2v17_such that it is hbt- ;bend at an acute angle that will break the optical.

fiberfcéble 217. The top layer mesh 220,224 and bottém layer mesh 221,225

together with the flexible bridge 222 form the mechanism to secure and lock the

optical fiber cable 217 in place with the routing pattern defined. The top layer latex

' 241 and bottom layer latex 242 together with the protectivé cover 240 is provided to

15 sandwich the meshes with the optical fiber cable 217 embedded to form the sensor

| mat 210. The sensor mat 210 is attached in place on the Electronic box top housing

911 and Electronic box bottom _housing' 913. The Electronic box 410 consists of a

sensor box assembly 800 and an electronic printed circuit board 912. The obtical

fiber cable 217 is connected to thé sensor box assembly 800, which is the brain that

20  controls the whole Baby Monitoring Mat 210. The electronic printed circuit board 912

housed the power on/off push button, external connections to AC/DC adaptor, alarm

and Power LED indication. Electronic box bottom housing 913 also housed
compartment enclosure for installation of 4 pieces AA battery.‘

FIGURE 3 illustrates a block diagram of the Baby Monitoring Mat 210 in

| 25 - accordance with another embodiment of the present invention. As shown in FIGURE
3, the optical fiber 217 sandwiched within the Baby Monitoring Mat 210 as shown in
FIGURE 2 is connected to a sensor box assembly 800. This is the sensor from
which all critical events are derived. The basic principle of the sensor is based on
measurement of light attenuation loss generated by macro bending effect of the

30 optical fiber cable during baby breathing movements. A multimode fiber is used to
channel light through relatively tight bends. From a long term mechanical reliability
standpoint and to limit light attenuation from bend losses, the bending diameter of

the fiber may be limited to be greater than about 20mm. An optical sensor assembly



initiate alarm 816 directly and send the notification wrelessly via the RF
transceiver 815 to a Parent Control Unit 310 for alerting the caregiver.

FI GURE 4 wblysl11gdsgs the cross section of the sensor mapczi@201188008pt 1 C
fiber 15 822 is routed in a symmetrical manner space at |east about 20mm

apart and sandwi ched between two |ayers of mesh network 220, 224, 221, 225.
The mesh network 220, 224, 221, 225 is rgsponsi ble for generating the bendlng
| osses to |ight passing through the optic fiber caused by the baby's chest
novenent during sleep. The nmesh network 220,221 is sandw ched by | atex
sheet s 2418PUi2 adeptatiék chérmeld® Iight tiore sQlighf sauime §i8sds wailt asrdeddctiolighit| ow

conf o t abl Gefeeligt bhdad sRRNRLE BRne FNGrAY e dofi fndithd asbhidesna

protective sleev uses materi ant |
cool i ng anéf adghticaurlias aasamtly alructe gnailesoastandasg LED andrRivtadiedgiteep on t op

of the mat pe EBhiskiedSsuch tﬁ:h&h@bﬁild&dﬁgerVdaﬂVbeoéorInEéie& h@xHebstRicRié dg.ﬂ%connect i on
A

to the: nmes tructure an tical cable in accordanc one
oo mhw: art S angesior FR0n AT RS ng sapsta B e BB iagn  of

sof t stretbétady theriffezentiatiors bicihe aggnai thanaeted nmblhmf therfibed. IMhk aefednast i C

he f
T ot Bt i Sl bl s, RiLH05ua 2 L3 0ARL S B4 REATRRRE, b BRGHES 16 [OU
f ol dabl e. Pheesorérted byupary rﬁwemenbwhlofﬁ causes ﬂ'grﬁ)ﬂttb'hl@t'bm jogsgs of2e lightt o 30
control t hf‘aecg%ﬁibf'ghéar'@it %eﬁ’gor tfie :;t tlb&fallcé}ﬁl & lﬂé%‘ﬁ@ erzgl-ﬂe Bockirf ol di ng

area such that th g angl e does not cause ané reakage to the fiber
cabl e. 1f| GRIRRlYSES HNg Atiegyation  Ingses pioi dalprmying, @vene el ashgat tpéqsepqe has been
fol ded. Asmoldrisit bad B@athtdoent! WhEH such events are detected by the processor, it wil

| initiafe alarm 816 directly and send the notification wirelessly via the RF transceiver
815 to a Parent Ciontrol Unit 310 for alerting the caregiver. '

FIGURE 4 illustrates the cross section of the sensor mat 210. The optic fiber
15 822 is routed in a symmetrical manner space at least about 20mm apart and
sandwiched between two layers of mesh network 220,224,221,225. The mesh
network 220,224,221,225 is responsible for generating the bending losses to light
passing through the optic fiber caused by the baby’s chest movement during sleep.
The mesh network 220,221 is sandwiched by latex sheets 241,242 to mask the
20 hardness of the mesh material to allow comfortable feel during baby sleep. The outer
layer 240 includes a protective sleeve that uses material that is waterproof, anti-
bacterial, cooling and easy to de-sanitize. This allows baby to directly sleep on top of

the mat.

FIGURE 5 is the exploded view of the flexible bridge connection to the mesh

25  structure and the optical cable in accordance with one embodiment of the present
invention. The- flexible bridge 222 is made of soft stretchéble fnaterial such as
silicone rubber or similar elastic mbaterials. The flexible bridge 222 is adapted with
means to secure the four sides of the mesh 220,224,221,225 together such thét the
sensor mat 210 is foldable. The other major function of the flexible bridge 222 is to

30 control the bending angle of the fiber cable assembly 217 at the folding area such
that the folding angle does not cause any breakage to the fiber cable. FIGURE 6
highlights the optical fiber before and after it has been folded. As illustrated, the fiber



WO 2012/ 118440PCT/ SG2011/ 000083 9 cabl e bending angle is controlled by the
flexible bridge 222 such that the fiber cable does not break when it is

fol ded. wop2012nh&4RE 7 shows t he design of the bottom | ayeiscaBShoddd, 225
that is used to generate macro bending | osses to the optic fiber in one

enbodi nent of the present invention. The grid pattern 226 has a spaci ng of
at | east about 5 nm and no | ess than @about 8mmto generate the macro

bendi ng effect. The grid pattern 226 exists on the top | ayer nmeshes 220, 224
and bottom | ayer nmeshes 221,225 such that when the optic fiber cable 217 is

sandwi chedcabis Reseing angleris convialicHy the deuhle brdan 322:auch st g1e 'ipee agRie comes i n

cont act wi ddestniaeprbhlb®hertitiBli®dedThe fiber turning hook 223 is used to 10
gui de and secure the optical fiber cable as it is laid across the bottom

mesh | ayers 22%!)%‘?1%!5 jH&méfh %eﬁér‘r%ﬂhﬁgo%w?s yérioch Szzqrﬁ%?r% sal,?seg%lc' ng of

about 20. nm at es opti cal er cable to
be easily gengratel masiodwending dosses fortee @e%flbeayhenm@nb@lmm of theeresamt ni ng hook

223 to {i Xm@é?fﬁorﬁ’oﬁietér%npaf?tferntm %tégpidlrtbeéf zﬁ@@als?a@é‘u? SPfﬁFntﬁ{dnno leBs the middle
of the: bottomla er ‘neshes ,2 flexible 15 bridge 222 is used to

secure  theff P%b%lamig t%gertef?ée 'Ha?'ayéﬁ@"ﬁ StieAnE1e. IHRAIEINS2EPESIHr | dge 222
i s made of orsBEttoprAy&mhahes QZ@Zabzthi tidemt luer adskes 2 235h@cigsi when be f ol ded

h 50 f I h h
bottom | ayBF SRS SR 25 BeRBeraer oD ShBBarene Bros e 1" @
i nvention. geredgetcorpeQ(m c‘antdwbmrttbmbei}ceblen‘émwsr wrrmgomawklzaads wsiedito coupl i ng
t hrough, ho %uF Eﬁ&?ﬁéér\é blé'a@ laafo%{h% tﬁiﬁ {ﬁ%{e? 4,221, 225.

The nmeans are a 2 an 1 rres s that act

as the | oc?@‘sﬂ}ﬁr@g ﬁ?ﬁrﬁﬂﬁ”t"é hogle 222 is W@SQQS@ PRAFEG. Qfe?é’HUtt%) Wﬁbatb*?ﬁ”t‘ om | ayer
nmesh t hr ouglest drethé MHIMi§ @h&sies bptichiRibe? cabiews bk rla%snf-}%‘o’uféﬁ' actds@ere cabl e

assenbly 217. The fiber 8 on ctors 820.
e or b oM Bese g cr s o B At 18 PG e RoolPee o6 e 1 | ber

cabl e 822 winid 217 bettem hiar the moiddié - of hiee boten layebinesB&? 225225 rarfleddled with SC
connect por n S on | osses
of |Ig[l’l§) Cﬁéﬁ ? Lﬁ%ﬁgogﬁéck%nheﬁfl @agvres\,gnm%hn%%ig)% E%’%ﬁera%eep%ﬁl% on sl eeve
821 cover sbriggs 282 is m@dﬂ}thofll materieHe egadle thertwe halves @fdh@mesrewtbetfhléem ber cable

30 822 frogyhin&aking at the connection point of the fiber cable to the SC
connectors.

FIGURE 8 shows the means 250 for securing a top layer mesh with a bottom

layer mesh in accordance with one embodiment of the present invention. Both top

20 and bottom layer meshes are provided with coupling through holes along the

respective side edge of the meshes 220,224,221,225. The means are adapted with

male 252 and female 251 mesh lock stubs that act as the locking mechanism to
secure the top layer mesh to thé bottom layer mesh through the through holes.

FIGURE 9 shows the Optical fiber cable assembly 217. The fiber cable 822 is
25 : terminated W|th SC connectors 820. One side of the SC connector 820 plpes the
light 'source lnto the fiber cable 822 while the other end of the fiber cable 822 is
terminated with SC connector 820 that has a light sensor which detects the
attenuation losses of light channeling through the fiber cable 822. A Fiber protection
sleeve 821 covers a short length from the SC connectors to protect the fiber cable

30 822 from breaking at the connection point of the fiber cable to the SC connectors.



10 FI GURE 10 shows the expl oded view of the optical sensor assenbly.
The Optical sensor front housing 814 and Optical sensor rear housing 815
has been wwensiygd«ed to house the Light source 813 whi chpcirgcaosioasdar d
Light Emtting D ode (LED) and a photodi ode |ight sensor 812. The Opti cal
sensor front housing 814 was constructed to act as the mal e connector side
such that the SC connectors 820 of the Optical fiber assenbly 217 which is
the femal e side can be plugged in to Tormthe connection with the |ight
source 813 and light sensor 812. The Optical sensor rear housing 815 | ocks

tEe |'i ght bsenswat&ig 1@nsholvs ghd eS;ﬂMe@ew&ﬂ%f it @puawa@easmas‘semmyam@rrpact uni t
that can

nount ed ‘i nto the sor ssenb main 10 purpose
of 't he opt PELR! SEREOHchaRe o e ORaC SR 1ok ReCsine Ars 28k Peg"ahs ang
i ght sensamsBiRedsiociousdtite Lighe sbwrb@mz;wbicb isg stntdry LighhEmittesDistdandar d SC

connectors Z | osses.
FrGURE o1 (BN R pRolBALHhyrE CatbPBEs Hnkichflodl s BidSRhok éling 8PS, | 0350
consi st § oforstiwaied {92t 45 trﬁl@aBeQﬁ’QmCtQic%iet whd@%mmgs@s@namorﬁ B20%énsor box
15 bottom 53] (gfﬂgal 8B a%QQntSI@QﬂSﬁﬁﬁ@le thOPriald & meeéian%eéﬂ\ﬁgbd B34 forftBe S€NSOr box

top casing 83 he .sensor box bottom casi % re ad ted to nount
t he sensorc%ﬂﬁdﬁf‘l"ﬂ‘f‘éﬂe gt sapree 833 apd dghy sgBss I"’yT'i“hPBt' Or 838 opt i cal

sensor - asskdeing S5lotks tﬁ@|I|d|€tr3édsdr(31!2hﬁ1dﬂrghn&aﬂcé:Isnklmtcb ptaoarml fdrtnad cont ai ns
the Processor 8 F. Transcei v. rmint The Fi ber
cabl e asse?‘ﬂgl‘@?céwtﬁ tf?’hgﬁlmo dt'«ggn{hﬁaﬁegao OXt?lsée'%éHg%drB ﬁ%g B%enbl y 800.
Opt i calwof i peposeads| the enlhadmowssamhlytlheo hatsei oty edlighbsoen §ilhgndrovenent s
utilizing ﬁ%h\’asrehﬁc% Ve s sﬁ&hq %hcan %JB%C' Hs%‘?ﬁbl;h%f lstsPagsshr@nsdendi ng of

non- cohere sour ce, e comon em tting diodes,

coupl ed i n@@”ﬁﬂpﬁslaﬁﬂdé" %W@leeﬁml?&'y wrﬂam'ma'rﬁ'ghtaﬂoesﬁ@gt'%es engt h of t he
fiber optic cable: When 25 opti-cal fiber cable is bent, there is |ight |ost
fromthe fiber Fd:tBleREm ishd\es thal Senedrl ke tassersbly Bb@ TrIrB\BymmrrtboafastSéreblbaby on top

the mat wigdg &t ﬁ {e'enp?]atns ﬁ{%e%’?cﬂoﬁ?%é 9§etan98§5(§ ﬁﬁ@TheBgeﬁ%%??)H%i ng the

|'i ght bending € recerver en optrc er cabl e,
det ect ilbn" mttonbvm832 bra thehSersahboxmdnted @s*@nt&baﬁhgéemorrfh@%etﬁm at ed.

The const r &ifrio Q30 %nd $hEp¥or R ibb@drh @qu‘n\@é%’\éré Ba@;n&a faahont RS sésedded
t herei n “30r eqw res accounting few factors rst, the optical

fiber is bPPX printegd rircyit §31,baard %ﬁﬁ%ﬂb%é}ﬂ% PQPG aWeaQHHP% S&Hﬁ%féss%%r dingly,
t he rresh | eiers dotdapécdPio fﬂ!@d’ﬁméd'lc@blt dopat ther tentdits el Pocéssdr pIotREL t he

optical fiber fro t ndin Fur t th erX| bl e
b1 dge. | of NERSFUE RS SRR fudeie' fies R 275 crde sFAPAGRNT b gui de-and
pr ot ect20t hierroipated at thé iSeesor daxresgemblyd90when t he Baby Monitoring Mat is

fol ded up. Second, the sensitivity of the mat depends on how t he opti cal

fiber cable lscr éﬁl@ﬂeﬁd&@lesé?ﬁbﬂdﬂéld iviihih e MANEI UEd Mitsensid Fodemhémg the first
factor, thelg %%tterfns shal_ll al S ?b1 &ﬁf’dﬁ ted roper %{}?IH’ opt| m ze the
sensi ti vi t Y1489 7 ¥aretyof 55aeme;| the methed, g o'i%e opti cal
cable is sqesit dghtl sasde, aibiut caaOpemcomhoon Jl@eb(axmrming, dlaqim;r tcoﬂm)ecpnrmvent | i ght
loss at . t hr%unfﬂ%ﬁ'é Iagtic(é\‘;\P?ig'eeFrtrav).-le\ﬂwigC Qlo}% Ittlle %Lgt‘ﬁcéf tﬁg'(ﬁber optic cable. When
25 optical fiber cable is bent, there is light lost from the fiber due to internal reflections.

The movement of the baby on top the mat will cause distinct light bending lost

pattern. By measuring the light bending lost pattern at the receiver end of the optical

fiber cable, detection of movement, breath count and presence can be differentiated.

The construction of a Baby Monitoring Mat with optical fiber embedded therein
30 requires accounting few factors:



sensitivity. Further, the nmesh layer grid pattern has a gap of at |east
about 5mm and |l ess than 6, nmto ensure optimal |ight attenuation | oss when

t he fi berwpaipsiikfapcontact with the grid at regul ar int @pyalcSe11/000083
Qperationally, multiple bending of the optical cable would generate strong

baby novenent signal because the light 15attenuation |oss is |arger.
Third, the configuration of a sandw ¢ Qed structure that creates bending
effect for the optic fiber is crltlcetll to the sensitivity of the mat.
Enbodi nents of the sandw ched structure are shown in FIGURES 2 and 4. In
t hese figures, Firstetrieogptieal dibbok thoitienaraihwill &yeak Virennment fae armz'cutemgthzvi ched

structure xtt%rowmht K e Y o i PO 1o quge, arBAERH mt

coupllng of ‘faor 't recei ver to coupllng
| osses, V\mmhaldmefmm ahedamageiuede ﬂ‘@m}nﬁlnmt Further,rtee texiig b@@é Joimiggor di ngl y,

proper. . congd fndGivk eébmtem%hra;rar@%@%&@M@g&.&@% bréte@tetﬁ@ RéEtﬂ:ranlﬁeQ av0| d

i ght 1 oss.” The cou con h%uratlons are shown 1n 9 .and
25And f?ft?\amatg‘?ee‘@eﬁ@?'h eapy Mesitoripg Mab isdoifed BRr i ve good si gnal strength
for a light weight baby of mininmm 1. 5Kg in order to decipher the received

dat a f-or event Sdedrek theosensilivity of eimes owat bependssertbbvythalopmattnbmraable isin
SeCL L on! CroBfRBSAl sBAREdTRYSlR Hhd: " oBndferPl nd MU 180b e PlDAnEAECL U O

ADC converter use € necessar ent
Si gnal - t 0- 9l ssorke; adaptes RIPRATlY g GPYRIZE Hie %ﬁnﬁlﬁ'eh’eﬁtﬁt mgeh as/peasdle.sfeh as baby

presence/ afR@AGH, Frégnemnatndaﬁdhbbs&tahcm@&tspacé@at st abEthﬁﬁnl%rshows an
application of the Baby n f of the present

i nvent i*®n. exﬁﬁ@'%lﬂpﬁ‘ErfP Rr?l‘(?é‘ht'groﬂo%oﬁts]h&'%engtngacogé%’ywﬂ)ﬁfhl"t”orafﬂ“é &t 210 that
acts as t hﬁerﬁﬁms/orFutrthat th@@mﬁshnnyeugdnqrpamm ha3rasgdpst abrbyt avbetrsnine/aatie | i es on

t op. A Par [ Unt 31 nne edvvr h th y
Moni t or i nglgﬁfath% %T'm AR Y1SHE 2 aogrmaYV'I a%?%r “%{'ﬁgﬁ Al %?rsﬂtehebe(r:é:ro g’gelgvﬁe)r when t he
baby mat detngast withahg gt)dtatoégumtlntebaiby Waekedongly.f moliple| keoginanal thaby breat h

count is, Z§ik al""f?élﬂlée qu”BEnez&tQ Y Qtopﬂpé/rbb{)&%q heRlsRt tHeSigigt ected, a

stimul ation device 'S worn on one of y's feet wll vrbrateto
jolt tRAe b%FE?y”U@ttSmr'%Ssl'ﬁiafgeét e its breathing pattern while parent is notified
to tend to t he baby.

' Third, the configuration of a sandwrched structure that creates bending effect

for the optic fiber is critical to the sensitivity of the mat. Embodiments of the
sandwiched structure are shown in FIGUREs 2 and 4. In these figures, the top and
bottom mesh layer forms the main sandwiched structure where the latex layers offer

20 comfort.

Fourth, the coupling of light for the transmitter and receiver is subject to
coupling losses, which affect the signal strength at the receiver end. Accordingly,
proper construction of the system and connections is necessary to avoid light loss.
The coupling configurations are ehown in FIGUREs 9 and 10.

25 And fifth, the sensing mat nﬁust be able to derive good signal s‘trength'tor' a
light weight baby of minimum 1.5Kg in order to decipher the received data for event
detection. T.he sensor box asser'rtbly also comprise an electronic sensor board
mounted with a 16 bit low noise, high resolution ADC converter used to extract the
necessary signals with sufficient Signal-to-Noise ratio to distinguish the different

30 events, such as baby presence/absence, movement and breath count.



10As shown in FIGURE 12, the Baby Monitoring Mat 210 is placed on top of a
mattress 212 of a baby cot 214. A bed sheet 216 nay be placed beneath the

Baby Moniwenoiidhh 210 to protect the mattress. Wen i peygedorifodgspaby is

pl aced on top on the Baby Mnitoring Mat 210. FIGUREsS 13 to 16
exenplify signals patterns that represent the various 15 novenents and
breath counts. The present invegtion is applicable towards the

prevention or at |east reduction of sudden infant death syndrone (SIDS) by
nonitoring baby's respiration and if the baby stops breathing, awaken the
baby using ext étCﬁiaH%Ethi showat aroappitatao hae dhée BabpbjondodirgeMat 2@ insee of Fi ber
Optic Sens e Y, 2 the

&hb t%t e '}%‘sb;nﬂjr{v%[)es THEYeubnt2t Qv%hﬁg}obél&? 4 l% . Skl y

respl r at I on w thout an /sensor attac
The Baby Mﬂﬁmltoang Mgt thgta&r&asth@ﬁertserthabcomn@nmoams rteslq@bv a’m'ﬂy sign

when the. bﬁé?yheslte%%?ﬁtoﬁnA'liarent ControITUh@l @WWeQ%F E:brmebtéa wilh| tH8 188} es vari ous
enbodi nent's of “the present inventijon npl es of how aspects of

t he pr e§enM°”'W8%Maéﬁ1ﬂ’a§Pt%és 28 inq ‘rﬁﬂré?@r??%ﬂ‘s IWP?@Q'&Efe‘Q‘,h‘?W Le 3hdi ment s
have been sesgdtediedamynoutidf Imis} tiabl edhkes up Srouﬂdeépsémpdaﬁyttaéatmayntqhanges

di f b h f h
oresent i iR b PROATD SRR EFRRPY v codt dpeefRipha Priblfe © 1"
i nvent i on. déMive thdds eomxangrieay thecdby difes ilsyibratestorjeltthe daky Boramitates, and

dr awi ngs Srlfhoétbéthuﬂﬁg [?(% Eé*;?ﬁer‘it?s b 195 % t i ments, and are present ed

to 30illustrate t _ Ity and advant ages t he present |nvent|on as
def d by th | ow; Moni t
cgn{)P?ﬁ’ né eé‘éﬁbfﬁwf?g%@ﬂﬁ% {% the %%%@W”F%Q/@ ?@%%ﬁ%&%ﬁé@ﬁf ‘T‘ayer and

t wo mattress 212 of a baby cot 214.. A bed sheet 216 may be placed beneath the Baby
Monitoring Mat’ 210 to protect the mattress. When in used, the baby is placed on top
on the Baby Monltorlng Mat 210.

‘ FIGUREs 13 to 16 exemplrfy signals patterns that represent the various
15  movements and breath counts. ’

The present invention is applicable towards the prevention or at least
reduction of sudden infant death syndrome (SIDS) by monitoring baby's respiration
and if the baby stops breathing, awaken the baby using external stimulation attached
to baby’s feet. The use of Fiber Optic Sensor enables a non intrusive way of

20 detecting the baby’s respiration without any cable/probes/sensor attached to the
baby’s skin. The Baby Monitoring- Mat starts monitoring movement and respiratory
sign when the baby sleeps on it.f

The above description illustrates various embodiments of the present
~invention along with examples of how aspects of the present ihvention may be
25  implemented. While specific embodiments have been described and illustrated it is
understood that many changes, modifications, variations and combinations thereof
could be made to the present invention without departing from the scope of the
present invention. The above examples, embodiments, instructions semantics, and
drawings should not be deemed to be the only embodiments, and are presented to

30 illustrate the flexibility and advantages of the present invention as defined by.the

following claims.



fl exi bl e sheets and an optical cable, wherein the optical cable is routed
across and sandw ched in between the top nesh | ayer and the bottom nesh

| ayer, angotoey/fikayi bl e sheets further sandw ched the teprReshiloaygs and
the bottom nmesh | ayer in between form ng sensing area across the flexible

sheet surface; a light source for feeding |ight fromone side of the
optical cable; a photodiode for detecting light attenuation at the other
end of the optical 10cabl e; o a 6P|nted circuit board having a
processor connected to the Ilght source and the photodi ode, wherein the
processor operaiiamel Iy receives signals fromthe photodi ode, the signals
are processed to determ ne novenents and breath counts, 15wherein the

signal s ar ' ge ght attenuation changes al ong the
optical: er. rb}a ﬁ%gﬂc}) g@@%ﬁ%’;ﬁs'h di ode, the light attenuation changes
are operatlonally caused by the o tical fiber bending, |ost ca sed by the
novement's and. br@af‘ﬂ‘sorzm?h a8 /R ESHr IRYRY W"%ng i BYeTt 8N NP m 1,
wherei.n the Héxpw ssests asd s oatuc%t)batgéttwlmmm thengptidalockble IheutBatlayroMam toring

Mat accordin i i bl ar heet s.

4. The- ngy I\/gné %)%I’I %Se%r{betw o} thl héd) ‘I% Wil %ﬁ%ﬁ@&%}ﬁ ?hhla% p@al fiber
cabl e i s a nthetflexibéesheptsifartier fsam\;twcheabheetopz*ﬁe@t layes aBeliiye hstoint mesimg Vat
according toj gtﬂh Mﬁeew@%mggemﬁ gregaaagthetlém shEE Qydgyer conprises grid

patterns adapted to gu protect the nultinode optical fiber cable
rout ed ina syrrrret"rght source or gedmagclrrggFf?ontt Qﬁe grgggfothe ggtlcal cable;

S aphoto_diode for detecting light attenuation at the other end of the optical
- 10 cable; ' ' |

prrnted circuit board havrng a processor connected to the Irght source ,
and the photodiode, wherein the processor operationally receives srgnals from
the photodiode, the signals are processed to determine movements and breath
counts, '

: 15 wherein the signals are generated based on the light attenuation changes
along the optical fiber cable detected by photodiode, the light attenuation
“changes are operationally caused by the optical fiber bending lost caused by the
movements and breath.

2. The Baby Monitoring Mat according to claim 1, wherein the light source is a
20 light emitting diode.
3. The Baby Monitoring Mat accordlng to claim 1 wherein the erX|bIe sheets are

latex sheets

4. The Baby Monitoring Mat aocording to claim 1, wherein the optical fiber cable
is a multimode optical fiber cable. ‘

25 5. The Baby Monitoring Mat according to claim 4, wherein the top and bottom
mesh layer comprises grid patterns adapted to guide and protect the
multimode optical fiber cable routed in a symmetrrcal manner across the

sensor mat



14 6. The Baby Mnitoring Mat according to claim5, wherein the optical
fiber cable is spaced at | east about 20mm apart. The Baby Monitoring Mat

accor di ngyboofakid, Wwherein top and bottom | ayer of npghysegiifovdRs
symmetrical grid pattern spaced at |east about 5mm and | ess than about 8 mm

apart with fiber turning hooks with spacing of 20rnm apart to guide the
mul ti node optical fiber across the segsor mat. 8. The Baby Monitoring Mat
according to claim1, further conprises a flexible bridge for connecting
two sandwi ched nesh layers for allow ng the Baby Monitoring Mat to be

f ol dabl e. @0Thdhs&ebhy Monitariog iMay apterdingtociaiiniy whereirl the optical fiker chrle

conprising a Wu§§da€§osattléa%f‘§€o%'t¥@ﬁm%'ﬁ khe printed circuit board, wherein the
wirel ess: transcel ver. operably transmts status |nformat| on such as baby

D v s JReenD SehEPbiled 3Gk e Sl S Rl Bhelblerdust. The

Baby Moni't or i ngf Mash acroprisds Bgnmetncblagnmphﬂerhwp'abmatdenqblabmjtrﬁmm abadby wake up

sock el gctrically ta%n%%} §InfCack Ay #4f Rt b TR WP Shdbinl oo UP Sock

IS vvearable on-ab whHerel n t vhen t he
sensor det ectsv_al?@'ﬁ@m@ath%me@m@ﬂemﬁl fé?ebémysatbe penseemale on the sensor nat.
11. A net hod of - det'ecting novenents and breath counts of a baby on a mat,

the 20net hed canpBady MEnitpimgviiel agoringoptdiaml 1, dalhee choprisesld fieplacr oss and
sandwi ched bet \f\)'?gge ;or cogr%c’tmg two sandwiched mesh Iayers for aIIowmg the Baby

Monltonng Mat to be foidable.

10 9. v The'Baby Monitoring Mat' according to claim. 1, further comptrising a wireless
| ~transceiver on the prmted circuit board, wherem the wireless transceiver
ﬁ ‘ _'operably transmits status mformatlon such as baby presence movement and
‘breath counts, to' a remote display unit, such that the movements on the.

sensor mat can be monitored there through.

15°.°10. The Baby Monitoring Mat according to claim 1, further comprising a baby
wake up sock electrically connected to the printed circuit board, the wake up
sock is wearable on a baby’s leg, wherein the wake up sock vibrates when the
sensor detects zero breath count when a baby is presence on the sensor mat.

11. A method of detecting movements and breath counts of a baby on a mat, the
20 . method comprising: '

providing an optical cable for routing across and sandwiched between the mat;
and '

detecting movements on the mat through-acquiring light attenuation changes
along the optical fiber cable, wherein the light attenuation changes are operationally

25 caused by the optical fiber bending lost caused by movements and breath on the
mat.



and detecting novenents on the mat through acquiring |ight
attenuation changes along the optical fiber cable, wherein the Iight
attenuat i\ 261v4188s are operationally 25 caused by the epiiseahiifobdRs

bendi ng | ost caused by novenents and breath on the mat. 15 12. A nethod for
noni toring a baby novenent including breath counts on a Baby Mnitoring Mat
according to claim1ll, wherein the Baby Moni tori ng Mat is configured
accordi ng to any one of cI ai ms 1-10. '

12. . A method for monitoring a baby movement including breath counts on a Baby
Monltormg Mat accordmg to clalm 11, wherein the Baby Monitoring Mat is configured
' accordmg to any one of claims 1 10 '



