1 A Baby Monitoring Mat based on Fiber Optic Sensor Field of Invention
This patent invention relates to a Baby Monitoring Mat that utilizes Optic
Sensing system for the detection of presence of baby, as well as noverent
‘and 5Sbreath count thereof. Background Currently, there are products

in the consuner rket that can detect baby-breathing. npvenent using
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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 aplpja@ibpidvemigzor esi stive strain gauges diffused into it, fused

to a silicon or glass backplate. Pressure induced strain increases the
val ue of the radial resistance. This resistance change can be high as 30%
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babys sl eegath-oumt theedt t ress, includi ng breathing action 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 seni_)pr t hrou the bed franme structure. 20 Further, such pressure
pad woul d not %}?GJ{OH erly on a "spring-based" nmattress. In addition,

al t hough such pressure sensor pad is also able to pick up breathing action,
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differentiate the type of novenents occurring on the bed. There exists
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pi ezoel ectric PVDF polyner filn) as a dynam c strain sensor to detect the
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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 sléeping 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



br eat hi ng novenents. Such sensor, however, also provides false alarm
arising frombad contact between diaper or nappy and body of baby,
especially if the baby body circunferénce is small or the diaper or nappy
is too large or too | oose for the baby. Further, such sensor is also not
abl e toeprg.vi de an% b{e h count ; .onlg detects for no 5 hreath novenent.
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attenuation at the other end of the optical cable; a printed circuit board.
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“wherein theSHPYBa®%or operational |y receives signals fromthe photodi ode,
the signals are processed to determ ne novenents and breath counts. The
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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 bf about 20mm apart to

guide the multimode optical fiber across the sensor mat.



5 wreless transceiver on the printed circuit board, wherein the wreless
transcei ver operably transmts status information such as baby presence,
movenent and breath counts, to a renoté display unit, such that the
‘nmovenments on the sensor mat can be nonitored there through Yet, the
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aspect bforitbengidstentba mkmme.on, there is also provided, a nethod of
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attenuation changes are operationally caused by the optical fiber bending
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roverentoul e St HREERLRE, sladfhab e BiVRpens CBdeSraryy vaYeAa bo
aforesanﬂ)m@téwmer@\,{ﬂmgn a Baby Monitoring Mat is configured according to
the aforesaid specifications. Brief Description of the Draw ngs 25The
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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 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 invehtibn is déscrnib‘éd’ by;way of n‘oyn,-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;



S5FIGURE 4 is the cross section of a sensor mat of FI GURE 2; FI GURE 5
is the expl oded view of the flexible bridge connection to the mesh
structure and the optical cable; 4 FIGURE 6 shows the flexible bridge
design together with the optical fiber before and after bending

FIGURE 7 is_a bottom | ayer nmesh of the sensor mat in yet another enbodi nent
of the pres%mURﬁv?emh@rﬁxploded VigveoRe Brlashbiasitoried Meikdn mgeneohadingent

bet wee sh and bottom | ayer nesh; FIGURE 9 is an
Opti ca tbgg)er b"l?%qu'sorsﬁgnbly in an enbodi mnent of the 15present invention;
FIGURE 10 is an Optical sensor assenbly in an enbodi ment of the present

i nvention; FIGURE 3 ifltbbREcHdmatiowodn dipjracabf @ Baby Gdbhitorass dndn yn af

FI GUREf 9 and Opt i C(Pf Sensor assenbly of FIGURE 10 that are assenbled for
coupl i H&hﬁbegg’f?ﬁ“rﬂ%ﬁtt dhe PEPIRIRENMENtOF an i 11 ustration of Baby Monitoring
Mat when used in a baby cot; FIGURE 13 exenplifies signal patterns for Baby

prasence deggayiRen lsﬁh%sl%&?&%még%%r%m FIRIRERNS Tor Baby movement
detection; FIGURE 15 exenplifies signal patterns for Baby Breath count

detection and 25FI GURE 16 exenplifies si ?nal patterns for Baby Apneic
Epi sode. 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 Mqﬁitoring Mét when used in a baby cot;
FIGURE 13 exemplifies signal pattems for Baby presence detection;

FIGURE 14 exemplifies signal :patternsrf-or Baby movementvdetection;
FIGURE 15 exemplifies signal patterns for Baby Breath count detection; and |

25 FIGURE 16 exemplifies signal patterns for Baby Apneic Episode.



.5 Detail ed Description The foll ow ng descriptions of a nunber of
specific and alternative enbodi nents are provided to understand the
inventive features of the present invention. It shall be apparent to one
‘skilled in the art, however that this invention 5 may be practiced w thout
such specifi efails. Spme of the details may not be described in | ength
so as to not b%gﬂﬁﬁé)?sr%'ﬁtfﬂ)?entl on. For ease of reference, conmon reference
nunerals will be used throughout the figures when referring to same or
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and presence of the baby on the mat can be differentiated. Figure 13 to 16

illustrates | the signal patterns generated by the mat for, the purposes
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out Of e n3 feesinved vﬁth a light detector. By processing the light attenuation signal
pattern-detected through the light detector, detection of movement, breath count and
‘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

200 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



with 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
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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



15 241 and bottom | ayer |atex 242 together with the protective cover 240 is
provided to sandwi ch the meshes with the optical fiber cable 217 enbedded
to formthe sensor mat 210. The sensor f‘mt 210 is attached in place on the
‘El ectronic box top housing 911 and El ectroni c box bottom housi ng 913. The

El ectroni c box 410 consists a sensor box as 00 | ectronic
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fiber cable 217 such that it is not bend at an acute angle that will break the optical
fiber cable 217. The top layer mesh 220,224 and bottom 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
15 241 and bottom layer latex 242 together with the protective cover 240 is provided to
sandwich the meshes with the optical fiber cable 217 embedded to form the sensor
mat 210. The sensor mat 210 is attachéd in place on the Electronic box tdp housing
911 and Electronic box bottom housing 913. The Electronic box 410 consists of a
sensor box assembly 800 and an electronic printed circu‘yikt board 912. The optical
20 fibef cable 217 isk cOnnécted to the sensbr box assembly 800, whichgis the brain that
controls the whole Baby Monitoring Mat 210. The electronic pfinted 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 enclosufe for installation of 4 pieces AA battery.

25 FIGURE 3 illustrates a block diagram of the Baby Monitoring Mat 210 in
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 'ass'embly 800. This is the sensor from
which all critical events are derived. The bésié principle of the sensor is based on
30 measurement of light attenuation loss generated by macro bending effect of the
optical fiber cable 'during baby breathin‘g 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 limted to be greater than about 20nm An optical sensor
assenbly 811 is adapted for channeli ng light froma |ight source 813 as.
wel | as detecting light using a |light®sensor 812 attached at the tail end
of the optical fiber. The construction of the |ight coupl i ng assenbly
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or o et SonBa §bn T sapfERar Bl et 83555 959k deRh ki er
mesheghd?dat225 such that when the opt| c fiber cable 217 is sandw ched
bet ween them bending | osses occurs as the

25 , FIGURE 5 is the expl‘oded view of the flexible bridge connection to the mesh
structure and the optlcal cable in accordance w1th one embodrment of the present
|nvent|on The flexrble brrdge 222 is made of soft stretchable matenal such as
S|Ilcone rubber or similar elastic materials. The flexible brldge 222 is adapted with
means to secure the four sides of the 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
eontrol 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



10 grid edge cones in contact with the fiber cable. The fiber turning hook
223 is used to guide and secure the optical fiber cable as it is laid
across the bottom nmesh | ayers 221, 225. ohe fiber turni ng hook 223 is
‘present at spaci ng of about 20 mm at both sides of the rresh Thi s enabl es
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sensor 812 The Optical sensor rear housing 818 | ocks the Ilsggt sensor 812

and | i ghfid eermésmeder At sofbmaterialforeahl %“&hﬂﬂabﬁwﬁﬁrq the gpe gt ed
into theg, q%e or box assenbly 800. The nmain 10 purpose of the opti cal sensor
S

assenbl y o house both the |ight source 813 and |ight sensor 812 such
that the fiber cable assenbly that uses standard SC connectors 820 can be
mat ed sean e§$GYRE Brshows tinel meaght250oinpisenyring sstep. layer mesh with a bottom

20 layer mesh in accordance with one embodiment of the present inventionfBothl 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 Optrcal flber cable assembly 217 The flber Cable 822 s

}termrnated wrth SC Connectors 820 One S|de of the SC nnector 820 prpes the

‘Irght source mto the frber cable 822 whlle the other:end of they frber cable 822 is
termmated with sc connector 820 that has e Irght sensor whrch detects the
attenuation losses of light channeling through the fiber cable 822. A Fiber protection
30 Asleeve 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.



FI GURE 11 shows the Sensor box assenbly 800. The Sensor box assenbly 800
consists of three parts. The Sensor box top casing 830 and the Sensor box
15 bottom casi ng 832 and the Sensor b¥k printed circuit 831. The sensor box
top casing 830 and the sensor box bottom casing 832 are adapted to nount
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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, cobupled 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 WI” cause drstlnct Irght bending lost
pattern By measurmg the light bendrng lost pattern at the receiver end of the optrcal

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: .



Fourth, the coupling of light for the transmtter and receiver is subject
to coupling |l osses, which affect the signal strength at the receiver end.
Accordi ngly, proper construction of thélsystem and connections is necessary
to avoid light Ioss. The coupling configurations are shown in FIGUREs 9 and
10. 25And fifth, the sensing mat nust be able to derive good signal
strength for Fust, itgatontisphfibebishrisle aneiwillfareals kghambendeat ar agets phale- t he
receive r,.ev L n S es
ol ect PR ErEr s avao eyt W SR s BRRE SR A ORI on
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I nventi on e current invention con aby Monitoring Mat 210 t hat
acts as the sensor that continuously m)nl tors the baby when he/she |lies on
top. A ParenteComdrible tingiti8h00f thier masmgemiermedmdtm bhtitdiefidaiyable is

Moni t Mat 210, 1 di t hat wh th
Dby matoled BbHSHENE Ui e o TR Mo e na i et e Be B e a n
count i §h5|¢é%ov‘$% |a%laﬁfbd¢5?o;?e1rgl toV\BGﬂnZz%r &eb§@r¥8|ﬁv®aé§ Qe ksl p%éiﬁil@(:t@éj a
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When |n used, the baby is placed on top on the Baby Mnitoring Mat 210.
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t owar ds he preven east uct

syndr onepii&il DSbléywoaid tanemgtebalu_\png babpi nmvemeranshgnfal tﬁmababytm dipht
breat hin awaken the baby using external stinulation attached to baby's
f eet> &er@gqitlo&log%b%l,arqifll c Sensor enables a non intrusive way of 20

det ectl ng the baby's respiration wthout any cabl e/ probes/sensor attached

to the baby' $hpkithe Jchﬁg%@@ﬁ/ori\@f‘bté%fddﬂﬁcﬂ\&i sfhéfuré tiﬁ&%rbafés“lgerﬁﬂmg@ﬂébt and
respiratory sign when the baby sl eeps on it he above description
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t hereof could be nade to the present invention w thout departing fromthe

scope ofOMft.present invention. The above exanples, enbodi nents,
instructions semantics, and draw ngs should not be deenmed to be the only

embodi ment s, Fands afik Wo%ﬁﬁﬂée& fight 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.



30illustrate the flexibility and advantages of the present invention as
defined by the following clains. 13 CLAIMS.: A Baby Monitoring Mt,

conpri si ng: a sensor mat having a top nmesh layer, a bottom nesh

| ayer, and two flexible sheets and an optical cable, wherein the optical
cable is routed across 5 and sandw ched in between the top nesh | ayer and
t he bottom hsUREayérshewsl amheppli@tionl ef $heediab)f Martieringalvidhi ZHedn tdve t op

h | d.th h b f
The 11 SYPrENEHcAr B8 BRI TerfHE Juf E0FRT Pualicg PR P dim Y i do

of thenepitbaARY MeZ 1 that QB@té%dﬂh@%rfs@F tt?tﬁ%%hhﬂ@ué!y%mﬂiré eRe!Bhbovidn t he
other end of the optical cable a printed circuit board having a

pr ocesBeishedigseen dopt & Ravent Cgiliﬁf(édbﬂt&ﬁnw”lemsph@m)ﬂ@@ted wmhéh@|8abme

pr ocessor receives sianals, from t todi O nal s
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si gnal satidetgasendleshithsseet, asab\heakeghip dbheBikab and PYIeRBath count is
zero while on mat 210. When zero baby breath count is detected, a stimulation
device that is worn on one of the baby’s feet will vibrate to jolt the baby to re-initiate

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 ofvsudden infant death syndrome (SIDS) by monitoring baby’s respiration
and if the baby étops 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.

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 fo 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.



along 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. 2. The Baby3Mnitoring Mat according to claim
1, wherein the light source is a 20light emtting di ode. The Baby

Moni toring Mat according to claim1, wherein the flexible sheets are |atex
sheets. The @éﬁﬁMﬁbnitoring Mat according to claim1l, wherein the optica
fiber cable is a nultinode optical fiber cable. 255. The Baby Mnitoring Mat

accordi Rg toA%?WS&pﬂﬁéﬁhﬁ’ Egﬁ]tptr%?,q?md bottom nesh | ayer conprises grid

patterns adapte prote he nmul ti node optical fiber cable
routed in a symmetrical nmanner across the sensor mat. 14 The Baby
Moni tori ng Mat aaseosdi ngatt badihgi ant6p mizseh diaget, he tmptoint ahes$h Bayerc avide twe

d at 1 bout 2 t. T Baby Mbonit i. di 1
oPar el esie Rl 2R T ePBRe coe. BRatiie, phird bl RS rs
pattern spakesamdwicBasgtin deNte® the %}5218%’?’5 %y@h%’f‘ldath@%otﬁ)rﬁm\@&@[éyew iy

fi ber turning hooks with spacing of
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

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 Qhanges
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.



apart to guide the nmultinode optical fiber across the sensor mat. 8. The
Baby Monitoring Mat according to claiml, further conprises a flexible
bri dge for connecting two sandw ched ¥esh | ayers for all ow ng the Baby
Monitoring Mat to be foldable. The Baby Mnitoring Mat according to claim

1, further conprising a wreless transceiver on the printed circuit board,
wher ei & t heThe BabysMonitenre Malaiccopbrate glaimansihereistha gpticalffibergabln such

as baby preﬁg%%%e %X?ei&%#?ﬂgo@ﬁ%@?ﬁcoums’ to a renote display unit,

such that t mov fat can be nonitored there through.
1510. The Baby Monitoring Mat according to claim1, further conprising a

baby wake uphe®dbyelienitoticgMat awmmaf;ed digint bewpergihadp cirficbibttorpdayer t he
wake up sock is wearable on a baby's [eg, wherein the wake up sock vibrates
when the sefkBIeSAIRRRIESSEP YN BIGAHEH FsupettomesPacasapl/ lgast ghedbAEEN AN he

sensor mat. eet 1 e d Cﬂ”ﬁ of a
ba[)h)s/ on a nlgtss tpﬁé]afggéﬁgﬂﬂgadﬁépr} gﬁﬁngﬁéﬂg%%ﬁl ﬁg‘gﬁaﬁ“@@t ?’géaﬁﬁgéggl e %f
routi ng acragart amduslariteinchiéchdoet optieal fiber aarbss dmdsensor matlet ect i ng
novenents on the mat through acquiring |ight attenuation changes al ong the

optic fib | e nerein.the light attenuation, changes are .

ober atbonal Te SR licbShjo el 8sboeliio 7 sEiToandmiieh BarPusts @ igyble

novenent s apgddy g8t RoRAetdiRy Mb- sandwiched mesh layers for allowing the Baby
Monitoring Mat to be foldable.

10 9. The Béby 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.



15 12. A method for nonitoring a baby novenment including breath counts on a
Baby Monitoring Mat according to claim1ll, wherein the Baby Monitoring Mat
is configured according to any one of ©ains 1-10.

12. A method for monitoring a baby movement including breath counts on a Baby
Monitoring Mat according to claim 11, wherein the Baby Monitoring Mat is configured

according to any one of claims 1-10.



