1 A Baby Mnitoring Mat based on Fiber Optic Sensor Field of Invention
This patent invention relates to a Babi Monitoring Mat that utilizes Optic
Sensi ng system for the detection of presence of baby, as well as novenent
“and 5breath count thereof. Background Currently, there are products
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pressure sensor pads that are placed 10 beneath the mattress for detecting
novenents. This type of pressure sensor pad consists of a m cro-nmachined
silicon di apRicagfwhvéntpdbezor esi stive strain gauges diffused into it, fused
to a silicon or glass backplate. Pressure induced strain increases the

val ue of the radl al resistance. This resjstance change can be high_as 30%
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sensor ressure se sor pads det€ct every novenent of

babys slbmmmmgommthbﬁxﬁattress, i ncl udi ng breat hi ng actlon by baby. But such
sensor often provides false alarmthat arises fromhigh sensitivity of the
pressure sensor pad to any surrounding vibrations transmtted to the
pressure senégr §hro %h the bed franme structure. 20 Further, such pressure
pad woul d no ﬁg 'ﬂ? perly on a "spring-based" mattress. In addition,

al t hough such pressure sensor pad is also able to pick up breathing action,

but it does Qatreptipvindee ainy progatts inatetcdrstmesematket thaptamldetedthaby-
dlfferentlate the type of movenents occurring on the bed. There exists

anot herPreaiigg ”?(Pl‘éﬁm?%t UsaRG diflgreRtrRensiNgpischne®9%s piezo film (strip
One method is based on piezoresistive pressure sensor pads that are placed
10  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 connected 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 arises 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 breath count because 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 to 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



25 of piezoelectric PVDF polyner film as a dynamc strain sensor to detect
the breathing rate of an infant. Such sensor uses a PVDF-nonitor device
clipped to the waistband of the baby'$ diaper. Wen the baby breathes, its.
stomach novenent causes strain to the piezo filmmaterials, which generates
the signal for detecting_ 2 breathing novenents. Such sensor, however, also
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wi th spaci ng of about 20nm apart to guide the nultinode optical fiber
acr oss detemnypadpevements and breath counts. The signals are generated based on the

C

light attenuation changes along the optical fiber cable detected by photodiode, the
light attenuation changes are operationally caused by the optical fiber bending lost

20 caused by the movements and breath.

In one embodiment, the light source is a light emitting diode. The flexible

sheets may be latex sheets. It is desired that the optical fiber cable maybe a
multimode optical fiber cable. Further, the top and bottom mesh layer may comprise

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

25 a symmetrical manner across the sensor mat. The optical fiber cable may be
spaced 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

guide the multimode optical fiber across the sensor mat.



In a further enbodi nent, the Baby Monitoring Mat may further conprise a

flexible bridge for connecting two sandwi ched nesh | ayers for allow ng the
Baby Monitoring Mat to be fol dable. 3 I n anot her enbodi nent, the Baby
Moni toring Mat may further corrprise a wreless transceiver on the printed

circuit board, ein the wr ss_transceiver rably transmts. status
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t here through. Yet, the Baby Monitoring Mat may further conprise a

baby waM@nlipﬂB@M@téﬁJ@ethIda@Iay connected to the printed circuit board, the
wake up sock is wearable on a baby's |eg, mhereln the make up sock V|brates
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wher ei n t at tiron ¢hanges are operation y caused
opti cal mbnheremteade tigolgist caused by novenents and breath on the mat.
20There is yet another aspect of the present invention, that is, a nethod
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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 through acquiring light attenuation changes along

the optical fiber cable, wherein 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 system of a Baby Monitoring Mat in accordance with

one embodiment of the present invention;



FIGURE 3 is the Schematic Bl ock diagram of a Baby Monitoring Mat in a
further enbodi nent of the present invention; 5FIGURE 4 is the cross section
of a sensor mat of FI GURE 2; FIGURE 5 is the expl oded view of the
flexible bridge connection to the nmesh structure and the optical cable;
FIGURE 6 shows the flexible bridge design together with the optical fiber
before and a&f £&iRBbEAdthRyExpiodedrEew 6 RabpMaaragdylahesineembesinens or
mat in i ment of the present invention; FI GURE 8
shows t&hgﬁ g%%%ﬁg{nr\{ggﬁﬁl sm between the top | ayer nesh and bottom | ayer
mesh; FIGURE 9 is an Optical Fiber Cable assenbly in an

enbodi nent ¢IGURE B5m dsedichematiot Blook diagram Fif GURELOMositarin@dlat & asensor

assenbly in an enbodi t of the present invention; FI GURE 11
shows é%‘@ﬁfﬁ%@d'm%‘ég?%b?ow@ssgg@ﬁﬁworbf FIGURE 9 and an Optical Sensor
assenbly of FIGURE 10 that are assenbled for coupling to each zoother;

FI GRE 12 | §|@URHE 4UstHAEI0RE sebtifiabya Mensbomaper MguRrep used in a baby
cot; FIGURE 13 exenplifies signal patterns for Baby presence detection;

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

structure and the optical cable;

FIGURE 6 shows the flexible bridge design together with the optical fiber

before and after bending

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 12 is an illustration of Baby Monitoring Mat when used in a baby cot;
FIGURE 13 exemplifies signal patterns for Baby presence detection;

FIGURE 14 exemplifies signal batterns for Baby movement detection;
FIGURE 15 exemplifies signal patterns for Baby Breath count detection; and

25 FIGURE 16 exemplifies signal patterns for Baby Apneic Episode.



FI GURE 14 exenplifies signal patterns for Baby novenent detection; FIGURE
15 exenplifies signal patterns for Baby Breath count detection and 25FI GURE
16 exenplifies signal patterns for Baby Apneic Episode. 5 Detailed
Description The foll ow ng descriptions of a nunber of specific and
alternative ﬁnPQ%nts .are provided to understand the inventive features
of the preserHfd! EPOHPUPY shal | be apparent to one skilled in the art,
however that this invention 5 may be practiced w thout such specific

details. Son?h@f félllﬁviﬁ@t %ie's%rinné’Oéf bg depasdrbest iébécﬁﬁgtéhdsoaﬂémtaﬂvémt
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patterns generated by the mat for the purposes of detecting Baby
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presence of the baby on the mat can be differentiated. Figure 13 to 16 illustrates all
the signal patterns generated by the mat for the purposes of detecting Baby
20  presence, movement, breath count and apneic episodes. Figure 15 shows fhe signal
of breathing movement which is characterized by a periodic sine wave of certain
constant amplitude and duration. The duration determines the breath/minute
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 of the signal changes at least 6 times of the amplitude of normal
breath cycles for a period of at least 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

30 event.

The optic fiber sensor of the above embodiment, provides an improved

mechanical coupling whereby the full weight of the baby comes into direct contact



6 wwth the mat without a mattress in between which can cause unnecessary
interference to the accuracy of the sensing. Further, the sensitivity of
the fiber sensor has inproved over thé conventional pressure sensor or the
|i ke because it is based on macro bending of |ight passing through the
fiber. It advantageously provides the 5 capability of neasuring baby
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can be powered by an external AC/ DC adaptor 510 and/or wth battery
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WI II J@hcbmtdﬁehé)abyyeufsﬁ?ﬁ ofMherbatgr eotbr eat h count or any predeterm ned
condition is det ected. The wake up sock 610 attenpts to agitate the baby to

resune nor eat hi n e t he caregiver is bein otifi d to
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410 wirelessly. has a display to indicate events such as Baby out of
mat / pr esmsoe M%dﬂays cmbmehﬁb&r catde BaibedBedan hebween tcnenablawtmnectt;on & lzarloy of

ts detected t 210 is indicated with bl e al
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Monitoring Mat, an out of range alarmw || be sounded
inside the Electronic Box 410. An external alarm device 710 can be connected to the

mat to provide additional notification of critical events detected by the Sensor Mat

210 A stimulation device in the form of a wake up

o vViIve L] 4 \J

sock 8 R"iﬂ for nvamplc can also

uluv

20 be attached to the electronic box 410. The wake up sock 610 is integrated with a
built-in vibrator, which will jolt the baby’s feet when zero breath count or any
predetermined condition is detected. The wake up sock 610 attempts to agitate the
baby to resume normal breathing pattern while the caregiver is being notified to
response to the baby’s need via the Parent Control Unit 310. The Parent Control Unit

25 310 is operationally communicating with the Electronic Box 410 wirelessly. It has a
display to indicate events such as Baby out of mat/presence, Baby movement and
Baby Breath count continuously. Alarm of events detected by the sensor mat 210 is
indicated with an audible alarm or vibration of the Parent Control Unit 310 working
within the wireless range. When Parent Control Unit 310 is outside the wireless

30 range of the Baby Monitoring Mat, an out of range alarm will be sounded.

FIGURE 2 shows the exploded view of the Baby Monitoring Mat 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
symmetrical manner with top | ayer neshes 220,224 and bottom | ayer neshes
221,225 acting as the optical cable gu/de to sandwi ch and secure the
optical fiber 217 in place. In the mddle of the bottomlayer nmeshes

221,225 and the | ayer 5 shes 220, f i bl rid e 222
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20 The nesh network 220,221 is sandwi ched by | atex sheets 241,242 to mask

t he hardness of the nesh material to allow confortable feel during baby

sl eep. The outer layer 240 includes a8protective sleeve that uses materi al
that is waterproof, antibacterial, cooling and easy to de-sanitize. This
allows baby to directly sleep on top of the mat. 25FIGURE 5 is the expl oded
vi ew otha fieerrmayibsl lenikrd Hyle govaiet thasnakhe tidienive o SPHERSANGOARESERE!Y
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inyention. T id.pattern h paci n f | east u nd no
48" b By Mo IR <sEiner 2 BRI GaBP SRl R R B hiote Rl e
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such that when the optic fiber cable 217 is sandw ched between them
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t ur ni ng18dok Paént Soptresenit 340 fepalertiyy thle eéregiveRO nm at bot h si des of the

mesh. This enables optical fiber cable to be easily routed across the

entire mesh r_ysin he fiber turnin ok 223 to fj] e posit.jon of
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the mesh |layers together. The flexible bridge 222 is made of soft materi al
t 0 enabhedwitbedwoetwdencswof layaes mfsimesb betwark d@d0122de2216225 FIIBERM&Sshows
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fiber tperefPhdwles 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.

25 FIGURE 5 is the exploded view of the flexible bridge connection to the mesh
structure and the optical cable in accordbance with one embodiment of the present
invention. The flexible bridge 222 is made of soft stretchable material such as
silicone rubber or similar elastic materials. The flexible bridge 222 is adapted with
means to secure the four sides of thé mesh 220,224,221,225 together such that the

30 sensor mat 210 is foldable. The other major function of the flexible bridge 222 is to
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



termnated with SC connectors 820. One side of the SC connector 820 pipes
the light source into the fiber cable 822 while the other end of the fiber
cable 822 is termnated with SC connecfor 820 that has a | i ght sensor which
detects the attenuation |osses of |ight channeling through the fiber cable

822. A Fi t 30 t | th f
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t he expl oded view of the optical Sensor assenb he Optical sensor front
housi ngd%$7n@ltri€fe@btwhﬁt it ssehoddad.r ear housing 818 has been constructed to
house the Light source 813 which is a standard Light Emtting D ode (LED)
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into the sensor box as e main purpose o) e optic sensor
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parts. Sensor box top casing 830 and the Sensor box 15 bottom casing
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o nt o2l 201 18 SpepouPinE B3bRer 45 R Bls3phbaE SBobd Frati AL rEE AT
811 is sigeseradetmesMeTHE dridifles ioptival fibsragssble ot bé @kl MSutcdeadtoas apgor
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20 layer mesh in accordance with one embodiment of the present invention. Both top
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 the bottom layer mesh through the through holes.

25 FIGURE 9 shows the Optical fiber cable assembly 217. The fiber cable 822 is
terminated with SC connectors 820. One side of the SC connector 820 pipes the
light source into 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

30 sleeve 821 covers a short length from the SC connectors to protect the fiber cable

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



11 First, the optical fiber is brittle and will break when bend at
an acute angle. Accordingly, the nmesh layer is provided with grid patterns
to guide and protect the optical fibetOfromany damage due to the bending. .
Further, the flexible bridge joining up the two separate nesh |ayer is also
adapted to quide and protect the optical fiber 5 damage even when the Baby
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effect for the optic fiber is critical to the sensitivity of the mat.
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| osses, which affect the signal strength at the receiver end. Accordingly, -
pr oper CEBASEIPIR 820 Fape mated seaniesaly wibhAueiMaight cOWRliredes?ss t o avoi d

i ght | oss. The coupling configurations are shown in FIGUREs 9 and 10.
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for a light wei of mninmum 1.5Kg 1n der to ci pher the received
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presence/ absence, nmovenent and breath count. _
box printed circuit 831 board assembly into place. The optical sensor assembly
811 is soldered to the Printed circuit board that contains the Processor 814, RF
Transceiver 815 and Alarm interface 816. The Fiber cable assembly 217 is finally

20 terminated at the Sensor box assembly 800.

Optical fiber cable embedded within the mat is used for sensing movements
utilizing a variety of scheme. The method used here is based on bending of non-
coherent light source, which can be common light emitting diodes, coupled into
multimode optical fiber travelling along the length of the 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:



12 FI GURE 12 shows an application of the Baby Monitoring Mat 210 in
one enbodi nent of the present invention. The current invention consists of
a Baby Monitoring Mat 210 that acts as'lthe sensor that continuously
nonitors the baby when he/she lies on top A Parent Control Unit 310,

Vat, 210, acts

| | t ed th.th
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nat ty esgardide ehven vh@éaytr@ogata,lmonﬁohﬁﬁ Mdtagtoldd® upry be placed beneath the
Baby Monitoring Mat 210 to protect t e mattress wWhen in used the baby is

pl aced on top on the Baby Mnitoring REs 13 to 16
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The Baby Monitoring Mat starts nonitoring novefrent and respiratory sign
when t heersitbity s |Faaher otihei mesh layer grmrwatmmhasmagep |qﬁtart tmasﬁ abast pamesnd

vari ous L nen of the pr sent, v tion alon | es of how
nepect o5t e HREC AP erie TG il en iR RETalber FviTRs “Caybes i
enbodi nggrtacth@ith Pregridesicraduist angrviald. usbpatatienally, i muumi@rbﬁrﬁmb fohahe many
changes, nodifications, variations and conbi nations thereof could be nade

to the wt@@érﬁahlehvwﬂvido@emefat@uﬁtr@r@ababmg’n@vemeﬂh@lmpbe@ﬁuqehéh@rl@ént

i nvgnti | es, enbodi nents, instructions semantics, and
dra% ng"'gé)tlt‘la “Q?'ﬁaq éf/% eened to be the onI y enbodi nents, and are presented
to 30illustrate the flexibility and advantages of the present invention as
defined by therd,dhkaunfigudtanne’.a saBdwiched 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 shown in FIGUREs 9 and 10.

25 And fifth, the sensing mat must be able to derive good signal strength for a
light weight baby of minimum 1.5Kg in order to decipher the received data for event
detection. The sensor box assembly also comprises 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.



CLAI M5: A Baby Monitoring Mat, conprising: a sensor mat having a top
mesh |ayer, a bottom mesh |ayer, and two flexible sheets and an optical
cabl e, wherein the optical cable is rbuted across 5 and sandw ched in
between the top nesh layer and the bottom nesh | ayer, and the flexible

sheets further sandw ched the top nesh Ia% and the bottom nesh | ayer in
bet ween f or filal Fdens) 8§OWP ) a?@t%@%“ciﬂw@*ft axBape MeritaringuMaicelil 4n) fht
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for detect enuation at the other en e opti cal
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attenuatlon changes along the optical fiber | e detected by phot odi’ode,

t he |i gmt cdateetsuzabyonutbbhnpdsbaby vmi@saup dmmh Is)eermasddaby bireatibgouohls i ber

bendi ng | ost d h ts th. .2, t Mat
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sheets are
its breathing pattern while parent is notified to tend to the baby.

10 As 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 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 Monitoring Mat 210.

FIGUREs 13 to 16 exemplify 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

sigh when the baby sleeps on it.

The above description illustrates various embodiments of the present

invention along with examples of how aspects of the present invention 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.



-l atex sheets. 4. The Baby Mnitoring Mat according to claim1l1, wherein the
optical fiber cable is a multinode optical fiber cable. 255. The Baby
Monitoring Mat according to claim4, wherein the top and bottom nesh | ayer
conprises grid patterns adapted to guide and protect the nultinode optical
fi ber cable ¢ﬁ } in a symretrical manner across the sensor mat. 14 6. The
Baby Monitorl 5 t according to claimb5, wherein the optical fiber cable

i s spaced at | east about 20mm apart. The Baby Mbnitoring Mat according to

cl ai m 51 whea @dbytimenigdthgoiat adBrhgisingof nesh conprises symetrical grid
pattern spaced at | east about 5mm and | ess than about 8 nmm apart with fiber
turni ng hooks with spaci ng of 20nm apart to guide the nmultinode opti cal
fiber across tReSeRIoMatitavingha I {NavbniaysFi AgENEAM JIBEsP dAve: taNk P m 1,

furth L ; ol . . ;
| ayers. f ofERE|S Sfiets, i ah Soilil B8IC, MingaiN 58 o fodl oS 16 thfleeCatet
Monist or i ngnifedanaledchieti imgbétwvernathe tbp mesh heyercampthesbotjora meskellags, and

t [ ] i nt ' it , Wh [ th ' I t [
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breath coyetin b@tv@eér?ﬁ?ﬁﬁwc?jéérﬁ%iﬁga%ﬁ berosdGhe BRI BRedy(pARBLS ON the

sensor mat “can be nonitored there through.

a light source for feeding light from one side of the optical cable;

a photodiode for detecting light attenuation at the other end of the optical

10 cable;

a printed circuit board having a processor connected to the light source
and the photodiode, wherein the processor operationally receives signals 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 according to claim 1, wherein the flexible sheets are

latex sheets.

4. The Baby Monitoring Mat according 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 symmetrical manner across the

sensor mat.



The Baby Monitoring Mat according to claim1l, further conprising 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 vi brat es when
the sensor detects zero breath count when a baby is presence on the sensor
mat. A nethod of detecting novenents and breath counts of a baby on a mat,

the nethod JdéwpPaRY MpniteriagiNathecwrdipgtipcadint abveerain the gptisy TW&@@'%nd

sandwi ched ecting novenents on the mat through
acquiring i g%lee at%eﬂ%g O%ouégg%rgsap%‘?%ng the optical fiber cable, wherein

the light attenuation changes are operationally 25 caused by the optical
fiber Wendi igel Baby déorstednyMabsecwding nclaimn éawhecneinttbe ared bottdm lagelA
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based on Fi ber Optic Sensor He present invention provides
a Baby Moni @paitrig gvide thevinninaodeapiical iiber aamssqhaseopormmh | ayer, a bottom
mesh |l ayer, and two flexible sheets and an optical cable, wherein the

opticalg cabh@al 8ah P WIS Rt MLoPARG WoCh§Hh 17 BRALPEBMIIEeS W fiexible

bridge for connecting two sandwiched mesh layers for allowing the Baby

Monitoring Mat to be foldable.

10 9. The Baby Monitoring Mat according to claim 1, further comprising a wireless
transceiver on the printed circuit board, wherein the wireless transceiver
operably transmits status information 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.



10 nmesh layer and the bottom nmesh |layer, and the flexible sheets further

sandw ched the top nesh |layer and the bottom nesh | ayer in between form ng
sensing area across the flexible sheetl>surface; a |ight source for feeding
light fromone side of the optical cable; a photodiode for detecting |ight

attenuation at the other end of the optical cable; rinted circujt, board
havi ng &-pr é%%tBPdé%ﬂ@@ﬂt@H“Q@‘?%é’ mogﬁm%m&%sabaﬁatnw%mﬁj 8haY¥,

wher ei Lapald i | it Lgde,
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t he signal s are processe et ermi ne novemnent r counts. The
si gnal saauoediggrie mal eshebafsdainen1ilie | i ght attenuati on changes al ong the
optical fiber cable detected by photodi ode, the |ight attenuation changes
are operationally caused by the optical fiber bending | ost caused by the
novenents and breath. A 20nmethod for nonitoring baby on a mat is al so
provi ded.

5 A Baby Monitoring Mat based on Fiber Optic Sensor
ABSTRACT

The present invention provides a Baby Monitoring Mat having a sensor mat
having a top mesh layer, a bottom mesh layer, and two flexible sheets and an optical
cable, wherein the optical cable is routed across and sandwiched in between the top

10  mesh layer and the bottom mesh layer, and the flexible sheets further sandwiched
the top mesh layer and the bottom mesh layer in between forming sensing area
across the flexible sheet surface; a light source for feeding light from one side of the
optical cable; a photodiode for detecting light attenuation at the other end of the
optical cable; a printed circuit board having a processor connected to the light source

15 and the photodiode, wherein the processor operationally receives signals from the
photodiode, the signals are processed to determine movements and breath counts.
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. A

20  method for monitoring baby on a mat is also provided.



