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WEARABLE FETAL NMONITORING SYSTENT HAVING
TEXTILE ELECTRODES

CROSS REFERENCE TO RELATED APPEIC ATTONS

This application claims the benelit under 35 USC TI9e) 1rom 1S provisional
application 61 830.077 filed June 1™ 2013 the disclosures of which is included herein
by reference.

This application further claims the benetit under 35 USC T9ey from US
provisional application 62006102 filed May 317 2014 the disclosures of which is
icluded herein by reference

This applicaton also related to PCT applicatton PCT L2013 036903 filed
November 230 2013 entitled "Vertical conductive textile traces and methods of Knitting
thercot™. and PC T application PCT L2013 030004, filed November 23, 2013, entitled
"Iloat Toop testile electrodes and methods of Knitting thereot™. all of which are

incorporated heremn by reterence as if fulby set torth herein

FIFLD OF THE INVENTION

The present invention relates to real-time health monitoring systems and more
particularls . the present insention refates to a real-time. fetal monitonng system that can
be comtortably worn by a momtored pregnant swoman. by wearing a special garment.
having at Teast one testile electrode embedded within the carment. The unique textile
clectrode is configured to detect fetal activity regardless of the position of the fetus

within the mother

BACKGROUND OF THE INVENTION AND PRIOR ART

Electrocardiogram (ECG)Y monitoring has been widely used on people tor
detecting medical conditons, such as abnormities associated with the heart. Signals
representing a monitored person’s cardiac activities can be collected through external
clectrodes distributed over the person's body Typicallyv. electrodes are attached 1o the

skin of the chest and limbs of the monitored person.
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Monitoring of fetal ECG s performed o deteet Fetal Distress Syndrome. an
abnormal condition during gestation or at the time of delivery marked by altered heart
rate or rhvthm and leading to compromised blood flow or changes in blood chenustiy

High-risk pregnancies are increasingly prevalent eiven the higher age at which
women become pregnant and the ability to achieve pregnancies i women with high-risk
comorbidities. Approximately 20-23% ol all pregnancies are complicated to some
dearee. involving complications such as preterm deliverv, tetal oxvaen deticieney, fetal
gronth restriction and hvpertension. Currentiv, there is no seamlbess, non-obtrusive
monitoring svstem to contimuously detect deviations in health status of the pregnant
woman or the fetus

Fhe most promiment method tor monitoring of the fetal health condinon 18
monitoring of heart rate variability in response 1o activitv of the uterus, using
cardiotocography (CTGY Despite its high sensitivite . the speciticity of CTG s relatisels
low  Generally. in obstetrical practice. the heart rate 1s determined using a non-
ivasiy ey (Dopplery ultrasound probe on the maternal abdomen or invasively, using an
clectrade tived onto the tetal scalp. The tirst method s relatively inaccurate. but is
appitcable throughout the pregnancy . The Tatter method is far more accurate but can only
be applied following rupture of the membranes and sutficient dilatation. restricting its
applicability to only the very Tast phase of pregnancy

Monitoring of the tetal electrocardiogram (ECGH as a supplement of CTG) mas
icrease the accuracy of detecting tetal distress Currenty, retal ECG can be measured
reliablv by means of an invasive scalp electrode Attempts to record the fetal ECG non-
imvasively from the maternal abdomen have been hampered by the Tow signal o noise
ratio (SNRY of the transabdominal ECG. although several gel-based. non-seamless, and
abtrusive commercial products are available  The abdominal ECG tracings are also

dependent on positon of the Tetus within the maternal uterus

Monitoring of fetal BECG can be ditTicult due to a number of’ reasons One
problem is the co-existence of maternal and Tetal signals in raw signals acquired trom a
monitored person, as well as the relatvely fow tetal signal level relative to the maternal
signal and other noise sources Another problem s the current position ot the fetus and

maotion of the tetus,

Alsos tvpreallv, either a physician or a nurse is responsible tfor the actual

placement of the clectrodes at the specitic points known o be adequate tor accurate
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FCG measurements Typically. the placement of the electrode involves attaching the
clectrades such that is can be only forably removed  Furthermaore. tvpicallv, to obtain a
signal that can be decoded. the electrode must be applied on a moist surface. v picalhh
using el Alternativels . dryv attaching electrodes, such as provided by Orbital Rescarch
are used i the art However, tvpicatlv, both tyvpes require skin preparations such as

cleaning and shaving hairy skin

There is theretore a need and it would be advantageous to have a real-time. tetal
monitoring system that can be comtortably worn by a monitored pregnant woman. The
special garment tncludes at Teast one testile electrode. preterably embedded within the
garment. which textile electrode v conticured to detect fetal activity regardless of the
position ol the tetas within the mother: The garment and or the textile electrodes are

either knitted or interwoven

Fhe term contimuous monitoring™. as used herein with conjunction with a health
monitoring system, refers to a health monitoring svstem. tacilitated to monitor a living
being substantially and continuoushy - day and mght. when the monitored hiving being is

awake or asleep. and active m substantially all common activities of such living being

The term “seamless™ as used heren with conjunction with a wearable device.
refers (o a device that when worn by an average person. wherein the device imposes no
significant limitaton to the normal Tite stvle of that person and preterably not seen by
anvbody when used and not disturbingly felt by the user while wearing it Furthermaone,
no activity s required from the monitored person in order tor the sy steny to provide data
and a personal-alert when needed  As the “scamless™ characteristios refers also o the
user's behavior, the wearable component is preferably an ttem that s normally worn
(c.e. underwear) and not some addittonal item to be worn just for the purpose of

monitoring

The terms “underwear™. o Mleotard”. or "earment”. as used  herein with
conjunction with wearable clothing items. reters to seamless wearable clothing items
that preferably. can be tghtlv worn adjacently o the body of @ montored pregnant
woman, tvpicallv adjacently 1o the sking including underwear, underpants, leotard and
the like

The term "ughthv® means that specilic portions ot the garment where there are
clectrades or other sensors that require certain pressure on the body 1o obtain a
satistactory signal, are designed to be as tight as needed. However. all the other parts of

N
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the garment iy be not as tight. Optonally . there s a provision o faciliate tehtening
or releasing certain portions of the garment. by bunlt-in straps or other tghtening means.
so that the need for more or less tightness does not require the replacement of the whole

aarnment,

[he term “abnormal™. as used herem with conjunction with health related
parameters, refers o oa parameter value or one or more ranges of values which are
defined as heatth hazardous or as potential health hazardous, when a trend 15 identified.
and requires attenvon For example. the normal blood pressure of an adult person is in
the range 120 80bmm He Tyvpicallyv, a svstohic blood pressare of 130 mm He would not
be considered hazardous However, it a person has a stable mean blood pressure of
around S3: 10 mm Heo and suddenly ot inereases to 125510 mm e this mav be
considered as an abnormal sitation Bikewise, 1t the mean blood pressure changes
gradualiy and consistently trom 83 mm Hg to 120 mm Hg. in a clear wend. a personal-
alert should be issued. The threshold value from which the high blood pressure
parameter s considered as health hazardous mav vary and can be set personally and
optionally . dy namically updated. cither manuvally or automatically. by an adaptation
aleorithm Once the high blood pressure parameter, in the hereinaboyve example, is set
anmv value out of the set threshold value will then be considered as abnormal Tor that

person

BRIEF SUNINCARY OF THE INVENTION

The principal intennons ot the present invention nclude providing a tetal
monitoring system that can be comfortabhy worn by a moenitored pregnant woman, by
wearing a spectal carment, having at least one tentile electrode embedded within the
garment  The textile electrode is configured to detect fetal heart electrical actviny,
clectrical and movement activity. regardless of the position of the tetus within the
mother

The smart garment with a multuphaty of textile electrodes 1s capable of
measuring the heart rate ot the tetus and preterably. also the heart rate of the mother
Optionally . the smart garment with textle electrodes is also capable of measuring at
fcast one of the following maternal parameters: oxvaen saturation. respiratory rate. skin
temperature. blood pressure, ECG parameters such as ST elesation and depression. and

body posture and movement
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For heart rate determination of the pregnant woman. at least one electrode is
used  Respiratory rate can be measured using impedance technology . for example
Oxyveen saturation can be measared using a sternal pulse onimeter with reflectance
technology . tor example Blood Pressure may be determined. for example. from the
Oxveen saturation and ECG parameters analy zed together: Body posture and nioy ement
can be determined using. for example. an accelerometer embedded in the processor or
pressure sensors, tor example textile pressure sensors knitted into the smart garment

For heart rate determination of the fetus, at least two electrodes are used.
disposed at the Tower abdomen ot the mother In addition. textile electrodes. capable of
detecting mechanical pressare imposed on the swoman's abdomen. mav be embedded into
the carment Thus. continuous monitoring of fetal hewrt rate and uterine contractions

(CTCGy can be achieved.

The signals collected are transmitied by dedicated varn, embedded i the smart
sarment. (o i processor. preferably connected to the garment using a proprictars docking
statton snapped onto the garment The processor processes and analy zes the signals,
using a specttically designed algorthm - Resulting relevant data is then transmitted.
tvpically using wireless communication means such as Wi-Fo or Bluetooth, to a coupled
target device. such as a smartphone or to a preselected center tor turther medical

supervision and instruction

According to the teachimgs of the presentinvenuon, there is provided a seamless,
smart maternal monttoring carment including a tubular torm having variable elasticny .
the tubular torm having a first multiplictty of knitted or interwoven lines. wherein each
the Tine is knitted or interwoven with at feast one non-conductive varn, and a second
multiplicity of conductive textile electrodes Tor sensing maternal and fetal electrical vital
stznals. The maternal and tetal electrical vital signals are selected trom a - aroup
mcluding maternal heart rate. tetal heart rate and electromyvogram (EMG) activities

imcluding uterine activities.

Fach conductive textle electrode includes @ third multiphicity: of vertically -
aligned line segments. wherein cach seament is tormed within the knitted or intersoven
lines with a non-conductive varn and a conductive varmn Fach conductive testile
clectrade turther includes a shin-side face contigured 1o electrically conducet the signal
trom a predetermined external surtace region of a pregnant woman. The predetermined

external surtace region is selected trom a group including the abdomen. the perineum
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and buttocks ot the pregnant woman

Each conductive textile electrode is adapted to be in communication flow with a
processor. adapted 1o process and anabvze the electric signals acquired by the testle

clectrodes

The second maluplicity of conductive textle electrodes includes a preconticured
number ot measuring electrodes and a precontizured number of reference clectrodes
Fach measuring electrode s paired with at least one reterence electrode Thereby . the
number of” difterental measurements produced trom a single measuring electrode may
be more than one. 1 e . the number of ditterential measarements produced is the number
of reference electrodes that the particular measuring electrode is paired with, cach

pairing providing a ditterent ditTerential measurement.

FFurthermore. cach given conductive textile electrode. ina specitic measurement
mstance. mav - be paired with a preconfigured number ot other conductive testile
clectrades, wheretn in cach pairing, the aiven conductive tentile clectrode may serve
cither as a measuring electrode or as a relerence clectrade. thereby tacilitating
substantial increase in the number of ditterential measurentents acqguired. 1 that specitic
measurement instance. bevond  the second muluplicity of the conductive wentle

electrodes

The measuring electrodes and the reterence electrades are posttioned. within the
maternal carment. i preconficured locations The position of the measuring electrodes
and the reference electrodes are preconfigared to thereby optimize the spatial cov erage

of the uterine

Preferably. the pairing of the measuring electrodes and respective reference
clectrades s preset using the processor The number of measuring electrodes. the
number of reterence electrades and the pairing thereof are preset to thereby optimize the

stgnal 1o noise (S\R) ratio

The wbular form has a designated knitting or interweaving densitnn . and wherein
one or more designated regions have a knitting or interweay ing density that 1s higher
than the designated knitting or interweaving densitv ot the wbular torm. thereby
providing the variable elasucity . to enable stable conductiv e contact of the shin-side tace

of cach the electrode with the skin of the pregnant woman

O
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Preferably. the maternal and fetal monitoring is performed continuoushy . day and

night. while performing evenvday lite chores

Preterably. the processor is adapted to alert at Teast one preconfigured receiving

entity. upon detecting a health hazard The precontigured receiving entity s selected

from the group including a smart personal electronie device of the pregnant woman, a

smart personnel electronie device of another person. a medical personal. and a remote

Center

According 1o further teachings of the present invention. there is provided a

method tor maternal and tetal monttoring including the steps ot

a)

Iv)

<)

dy

<)

Wearing a knitted or iderssonen smart maternal carment having a pluralin
of teatife electrodes integrally knitted o interwoven therein, the testle
clectrodes betng in conmunication tlow with a processor

Acquiring electrical mined common. maternal and fetal electrical vl
stenals from a plurality of external surtace regions of a pregnant woman,
respectively using a plurality of textile electrodes integrally Knitted or
interwoven mnto @ naternal carment

Optumally -werghted summing-up the acquired mined maternal and el
electrical vital signals to thereby form a summed-up mined signal. having a
substantially: higher SNR than cither ol the acquired maternal and tetal
electrical vital signals

Analvzng the sumnied-up mined signal to thereby extract a maternal ~signal
from the summed-up mived signal and maternal-related-parameters thereot
Healing the summed-up mined signal. including deleting the extracted
maternal signal from the summed-up mined signal. to thereby forn i healed-
summed-up nised signal

Anah zing the healed-summed-up mixed signal o thereby extract a tetal
stanal trom the healed-summed-up mixed signal and fetal-related-parameters

thereot

The maternal-related-parameters are selected from the group including heart rate.

oxvgen  saturation, respiratory e, blood  pressure. sKkin temperature and 1CG

parameters such as ST elevation and depression
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lhe fetal-related-parameters are selected from the group including heart rate.

spatial position ot the heart inside the womb. body spatal orientation inside the womb.

motion iside the womb and bodv dimensions

According 1o further teachimgs of the present imvention. there s provided a

method for maternal and tetal monitoring icluding the steps of

4

b

<)

dy

)

e
—

Wearing a knitted or imtersoven smart maternal carment having a pluralin
of textile electrodes integrally knitted o interwoven  therein. the textle
electrades being in communication flow with a processor

Acquiring electrical mined common. maternal and fetal electrical vital
stgnals from a plurality of external surtace regions of @ pregnant woman,
respectively using a plurality ot testile electrodes integrally knitted or
Imterw oy en nto a maternal garment

Opumally-werghted summing-up the acquired mined maternal and tetal
electrical vital signals to thereby torm a summed-up maternal sienal. having
a substantiallyv hagher SNR than either ot the acquired maternal and tetal
electrical vital signals

Analvzing the sammed-up maternal signal to thereby extract a maternal
stanal from the summed-up maternal signal

Healimg the acquired mised matemal and tetal electrical vital sienals,
including deleting the extracted maternal signal from the respective acquired
mixed maternal and tetal electnical vital signal. to thereby torm a plurality ot
healed-maternal ECG signals

Optimallv-weighted  summing-up  the  healed-maternal ECG o signals 1o
thereby form o summed-up coherent tetal signal. having o substantially
higher SNR than cither of the healed-maternal £CG signals

Analvzing the summed-up coherent tetal signal to thereby estract a fetal

stgnal trom the summed-up coherent fetal signal.

Optionally. the method turther includes analyvzing the summed-up coherent tetal

stgnal to thereby extract the ENIG signal Tormed by electromyogram (NG activities

imcluding uterine acuvites, from the summed-up coherent tetal signal

The extracting and analvzing of the maternal signal from the summed-up

maternal signal includes
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a)

b

<

dy

Detecting the peaks e maternal QRS compleses asing the summed-up
maternal stunal the maternal QRS complexes peaks bemng substantialls
stroneer than the tetal QRS compleses

Determimimy the boundan ot cach detected maternal QRS comples

vialv zing the summed-up maternal signal o thereby extract the maternal
stanal and deternune the maternal HR

Anahvzing cach detected maternal QRS comples to thereby detect health

hazardous data

Fhe extacung and analy zing of the fetal signal from the summed-up coherent

Tetal signal includes

1)

b

)

—

a)

-

t

h

Detecting the peaks of the maternal QRS compieses i the summed-up
maternal stenal the maternal QRS complexes peaks being substantialls
stronaer than the tetal QRS compleses

Determimy the boundan of cach detected maternal QRS comples

Deleting cach detected maternal QRS comples tfrom the respective acquired
mined maternal and tetal electrical vital sienal and filhing the cap. thereby
Torming a respective healed-maternal FCG signal

Optimally-wersghted  summing-up  the healed-maternal ECG o signals 1o
thereby torm a summed-up coherent fetal signal. havimg a substantially
hicher SNR than either ot the heated-maternal 1CG signals

Detecting the peaks of tetal QRS compleses in the summed-up coherent tetal
stenal

Determmime the boundany of cach detected tetad QRN comples

Atalvzing the summed-up coherent fetal signal o thereby determine the
fetal TIR

\nalvzine cach detected fetal QRS complen 1o thereby detect health

hazardous data

The extractung and analv zing ol the ENIG signal trom the sammed-up coherent

tetal signal includes

i)

b

Detecting the peaks an the maternal QRS compleses i the summed-up
maternal sienal

Determining the boundary of cach detected maternal QRS complex
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<) Deleting cach detected maternal QRS complex trom the respectiy ¢ acquired
mined maternal and tetal electrical vital signal and filling the cap. thereby
forming a respective healed-maternal ECG signal

dy Detecting the peaks of the tetal QRS compleses in the summed-up coherent
fetal signal

¢)  Determining the boundary of each detected fetal QRS complex

£y Defeting cach detected tetal QRS complex trom the summed-up coherent
tetal signal and Hlling the gap. thereby forming an ENIG summed-up signal

¢} Analyzing the ENG summed-up signal

The method of filling the gap includes. for example. by linear interpolation or

sphne

The summed-up coherent tetal signal may contin more than one fews and
wheren the tetal QRS complenes of the signal of cach fetus 1s separated based on
difterent heart rate and or difterent phase normal or inverted QRS Comples The

separation of the signal of cach fetus may be pertormed using Fouarter wranstorm.

it should be noted that the maternal garment 1s worn without attaching either of
the clectrodes. regardless of the precise bodilv positioning of cach clectrode. recardless
of the chronological stage of the pregnancy. and regardless of the amount of stretching

of the tubular form and ot cach electrode.

BRIEEF DESCRIPTTION OF THE DRAWINGS

The present invention will become tully understood from the detatled deseription
eiven herein below and the accompanving drawings, which are given by wan of

Hlustration and example only and thus not hmitative of the present inyvendon

Fig. | schematically illustrates @ smart maternal monitoring garment for maternal and
tfetal monitoring. beig an exemplany undersear monitoring-garment. according 1o

embadiments of the present inyention

Fie. 2ais a stde view tlostration of the underpants shown in Fieo 1 worn by a monitored

pregnant woman
Fio. 2b iy a front view of the undersear monttoring-carment. as shown in Fig 2a

Fia, 2¢ is a back view of the underwear monitoring-garment. as shown in Fig Za,

10)
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Fig 3 s a front perspective view ilfustration of the system shown i Fig 1) antegrated
mnto a leotard-ts pe garnient. worn by g monitored pregnant woman

Fig 4 s a front perspective view ilfustration of the system shown in Fig 1. integrated
into a plain tubular carment. wrapped around the abdominal region of a momtored
pregnant woman

Fig. 5 is a schematic block diagram of one embodiment of the carment-control device
shown in bigs, 10 2a and 2b.

Fie. o schematically illustrates a scamless swearable tetal monitoring system including a
smart leotard. bemng an exemplany underwear monitoring-garment. according to other
embadiments of the present inyention.

Figs  7a-7d show examples of 4 mined maternal and fetal clecuical signals, cach
provided by a respective measuring testile electrode.

Fig, 7e shows the 4 mixed maternal and tetal electrical signals tlustrated in Figs 7a-7d.
overlaid ona mutual time axis, as provided simultaneously by respective four measuring
tentile electrodes

Fig 8 is g schematic flowchart diagram outlining an example method tor detecting,
separating and analy zing a maternal QRS signal

Fig. 9 shows the tlattened, summed-up mixed maternal and tetal elecutcal signal. alter
optimally weighted summing-up the four signals shown in Figs 7a-7d

Fig 10 shows the maternal QRS complexes peaks as detected i the derivatnve ot the
summed-up stgnal. thereby vielding the maternal heart rate

Fig 11 shows the maternal QRS compleses peaks as overlard over the summed-up
stanal

Figo 12a shows a magmtication of a sclected time interval of the summed-up signal. as
shown in kg 11

Fig, 120 shows an example maternal QRS comples that can be medically analvzed.

Fig. 13 15 a schematic flowchart diagram outlining an example method for detecting,
separating and analy zing the fetal QRS signals

Fig 14 shows the fetal QRS complexes peaks as detected in the derivative of the

summed-up coherent tetal signal. thereby vielding the heart rate of the tetus
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Fig 13 shows the tetal QRS compleses peaks as overlaid over one of the summed-up

coherent fetal signal

Fig 16 is a schematie tlowchart outlining an example method tor detecting and

analvzing an ENIG stanal,

DETAILED DESCRIPTION OF THE INVENTION

e present invention will now be deseribed more tullyv herenatter with
reference o the accompanving drawings, in which preterred  embodimenis of the
imention are shown  This invention mav, however, be embodied in many diftferent
torms and should not be construed as hmited to the embodiments set forth herem. rather,
these embodiments are provided. so that this disclosure will be thorough and complete.

and will fully convey the scope of the invention to those shilled tn the ant

An embodiment s an example or implementation of the inventions The various
appearances of “one embodiment.” “an embodiment™ or "some embodiments” do not
necessarilvoall reter o the same embodiments. Although varous features of the
mvention may be deseribed in the content of a single embodiment. the features may also
be provided separately or moany suttable combmation  Converselv. although the
imvention may be deseribed herein in the context of separate embaodiments for clarity, the

mvention man also be implemented in a single embodiment

Reference in the specitication to "one embodiment”™. "an embodiment™. "some
cmbodiments” or "other embodiments” means that a particular teature. structure. or
characteristic desceribed in connection with the embodiments is included o at Teast one
cmbaodiments, but not necessartly all embodiments, of the inventions. [t is understood
that the phrascology and termmnology emploved herein 1s not to be construed as limiting

and are for descriptiv e purpose only

Methods of the present imvention may - be implemented by pertorming or
completing manuallv. automaticallv. or a combination thercofl selected steps or tasks
Meanings of techmeal and scientitic terms used herein are to be commonly understood
as to which the ivention belongs. unless otherwise detined. The present invention can
be mmplemented in the testing or pracuee with methods and materials equivalent or

stmilar to those deserbed herein,
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It should be noted that the present invention will otten be described i terms of
the monioring-garment being an underpants. but the present mvention is not himited 1o
an underpants bemg the monitoring-garment. and  other tvpes of carment. at least
partiallyv worn adjacentiy to the body of the monitored pregnant woman can be used as a

monitorng-garment

It should be noted that the present imventon will be desenbed in terms of the
optional mobile device being a smart-phone. but the mobile desice of present invention
s not limited to bang a smart-phone. and includes all tvpes of mobile devices having a
central processing unit and memory, including a mobile phone, Taptop. a PDAL a
processing pad. ete . all having Bluetooth or any other wireless communication
capabilities  According to the teachings of the present invention. there is provided an
independent. seamless and preferably substantially continuous health monitoring svstem.,

destgned tor use by o healthy fiving being but also suitable tor non-healthy Iiving being

Reterence now made to the drawings Frao Tillustrates a seamless wearable tetal
monitoring svstem 1 including a smart carment 200 worn by a monitored pregnant
woman 10, according to embaodiments of the present inyvention. smart garment 200 being
an - exemplary underswear monitoring-garment. Fetal momtoring svstem 100 further
mcludes a garment-control device 110 and preterably, a recenving device such as a
mobile device 300, having a remote-processor 310, according 1o embodiments of the
present invention

Fig Za s o side view iflustration of smart carment 2000 worn by a monitored
pregnant ssoman 10 smart carment 200 being an exemplary leotard. Fig 2b iy a front
view ilustration of smart Teotard 200 and Fig: 2¢ s a back view illustration of smart

leotard 2000 as shown m Fig 2a

Smart garment 2000 15 a non-limiting. exemplary momtoring-garment e,
wherein smart garment 200 1~ preferably o a knitted carment and wherein one or more
entile electrades 210 are Anitted there within, when smart garment 200 1s tabricated
[he texule electrodes 210 are made ol conductive varn. wherein electrocardiogram
(ECGY signals, being detected by textle electrodes 2000 The signals are then transterred
via knitted conductive traces along the Kknitted tabric to an innovative device., which
analvzes the data in real-time

In some embodiments textle electrodes 2100 are imterwoven and i sonwe
embodiments smart carment 200 1s interwoven  lestile electrodes 210 and  smart

I3
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garment 200 will be described herein. with no imitatnons. as being knitted. but testile
clectrades 210 and carment 200 may also be interwoven, within the scope of the present

imention.

I'vpically, textile electrodes 210 are integrated in various positions within snart
garment 2000 in order to cope with the changing of position and the growing of the fetus
inside the mother's womb Tesule electrodes 210 acquire mined electneal maternal and
tetal vital signals, and possibly EVIGosignals Garment-control deviee 110 reads the
mined signals from the varous textle electrodes 210 and in some embodiments,
carment-control device 110 selects @ signal determined to be the "best sienal”. according
to precontigured critena For example, signals that best mateh a master expected signal
Ceold-standard™ fetal datay.

However. preterably, garment-control device 110 reads the mixed signals from a
multiplicity of textile electrodes 2100 makes (optionallv) an initial sorting of the
multiphicity of signals. and optimally pertorms a weighted summing-up ot the acquired
mined electrical maternal and tetal viwal signals, to thereby torm a summed-up clectrical
signal having a substantiallv ligher SNR than etther of the acquired mised electrical

maternal and fetal electrical vital signals.

Ivpicallv, textile electrodes 210 are surface-to-surfiace contact extile sensors,
used tor measuring maternal and tetal electrical vital signals such as ECG signals and
other vital stgnals such as cardiotocography signals and other medical measurements on
the shin. without any skin preparatton such as needed with current wet electrode (usuatly
gel) as well as on hairy skin (cwrrentdy L usually being shaved)

Fhe multiplicity of textile electrodes 210 mav include a precontigured number of
measuring electrodes 212 and reference electrodes 214 that may be selectively paired.
for example using garment-control device 110 to torm ECG Teads. Bach measuring
clectrodes 212 s paired with at least one reference clectrade 214, facilitating acquiring
more ECG ditterential measwrements than the number of textite electrodes 210 that
serve as measunng electrodes 2120 The numiber texule electrodes 216 that serve as
measuning electrodes 212 mav be controlled. Tor example using garment-control device
110 Henee, which testile electrode 2100 serves as measuring electrode 212 and with
which one or more reference electrode 214 that measuring electrode 212 0s paired. can
be pre-programed and re-programed  Using this unique capability. seamless wearable

fetal monttoring svstem 100 may be suited. for example. to the advancement of the

14
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pregnancy and abdomen dimensions. or tor any other reason

1t should be noted that the annotatton ol measuring electrodes 212 and reference
clectrades 214 i the Figures are shown by wav of example onhv. with no himitatons.
Texsule electrodes 210 may be placed at predeterniined external surtace regions selected

trom a group including the abdomen. the perineum and buttocks of the pregnant woman

Fach tentile electrode 210 15 operatnely connected 1o a preferably detachable
sarment-control device LI by a conductive trace 220 conductive stripes or any other
clectric wirmz Optionallv, conductive traces 220 are also knitted into smart sarment
200, when smart carment 208 s tabricated  Alternatively . conductive traces 220 are
attached to smart garment 200

[y pically. smart garmient 200 fooks Bike regular underpants and preterabls - the
testile electrode 216 are embedded therein A pregnant woman 10 can casifv wear the
underpants in any sitiration where he or she is used to However, smart garment 200 may
be replaced by Teotard-ty pe smart garment 2020 as shown in Fig 30 or a tubular smart
carment 204, as shown in Fig 40 or other forms In the example shown, Teotard-tvpe
smart carment 202 incfudes a tentile electrode 211 that 1s positoned proximal to the
mother's heart, to thereby obtain a cood maternal FCG signal After wearing the smart
garment. no attaching ot electrodes or placement adjustments are required trom the user

Stmphv wear the smart zarment and activate the system.

Reterence is also made to Fig: 30 a schemaue block diagram ot one embodiment
of garment-control device 11 Garment-control device 110 is also mounted  onto
garment-body 201 of @ smart garment 200 15 sarment-control device THO, wherein traces
220 interconnect all of the sensors (2100 212 and 214) with carment-control device 11
optionally by traces 220 hnitted into monitoring-garment 200 Garment-control device
110 includes o garment-processor 12 and a preferably rechargeable battery 180,
whereimn garment-control device 110 and battery 180 are preterably removable, 1o allow
machine washing of the smart garment  Rechargeable battery 186 may be part of
carment-control device 1O of separated from garment-control device 110 Preferably
carment-control deviee T further includes a transmitter TI4. weopically short range
transmitter such as Bluctooth or Wi-Fi1 factlitating wireless communication between
carment-processor 112 and remote-processor 310 of a maobile deviee 3000 Opuonally.,

garment-control device THO turther includes an alerting unit 116

one embodiment of the present imventon, carment-control  device
In one embodiment of the p 1oamention. sarment-control d 110
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wansmits the sensed data. as provided by the sensors (2100 211 and 212 1o remote-
processor 310 of mobile device 3000 via transmitter EI4 In other embodiments of the
present invention. garment-processor 112 analy zes the sensed data obtained by one or
more of the sensors (2000 21F and 212y and prevents sensed data that s sell within a
preconfigured range of normal parameter. from being transmitted by transmitter 114 10
remote-processor 316 Thereby - substantially reducing the transmital ume and saving in
transmittal power.

Optionaliv,  embedded  carment-processor 112 has a filtering  function 1o
substantially it the transmissions to the mobile desice One part of that Tunction is
fimitnge the transmission. when there are no problems detected and selecting only the
suspected abnormal data to be transmitted  This tuncuon significantiv reduces the
amount of enerey needed. thus preserving the battery power In addition, the aleorithms
determane the sensing rate: while in normal state the rate mav be Tow . when sensed data

is closer to abnormality values. the sensing and transmission rates are igher.

In some preterred embodiments of the present imvention. garment-processor 112
analy zes the sensed data obtained by one or more of the sensors (2100 211 and 212) 10
thereby determine it o health hazardous sttuation bas occurred  Inosuch an event.
varment-processor TE2 activates an alerting umt 116, coupled to operate with garment-
processor 1120 1o thereby provide @ personal-alert 1o person 10 or amv other
predetermined receiving unit including receiving unit of medical care personal. The
personal-alert masy be i the form of an audio sound. a hight indication. any other form
known m the art or a combination thereof

Optionallv,  carment-control  device 110 s operatively anchored i a
corresponding doching stanon that is attached  to monitoring-garment 100, and

operativ ely attached 1o races 220

Ax indicated hereinabove. fetal monitoring svstem 100 of the present imvention
preferably mmcludes a mobile device 3000 having o remote-processor 3100 Remote-
processor 310 receinves sensed data from monitoring-garment 1000 preferably. at least
partially - processed. and mav turther analvze the received data. as needed. and
determines it a health hazardous sitwation, that justities the issuing of a personal-alen
has occurred  In such an event. remote-processor 3010 activates an alarm indicator 116,
coupled to operate with remote-processor 3100 1o thereby alarm person 10 with a

personal-alert 350 The personal alert may be in the Form ot an audio sound. at least one
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image frames. a video, an SNISC or any other torm known i the art. or a combination

thereof

In variavons of the present imvention, the deflinition of the abnormaline of the
physiolagical or chemical parameter 1s personally adaptive. swherein the “normal™ health
state of a particular monitored living beimg s personally set. Invarianons of the present
mvention, the definition of the abnormality s dvnamically adaptable per the changing
state over tine of the living being

Upon detecting abnormal health related  parameters. or an abnormal - state
determined as a result from an analvsis of combined inputs acquired from ditTerent
sensors, o from atrends analvsiss remote-processor 310 sends a personal-alert through
smart-phone 300 Optionally: or addittonallv . remote-processor 310 sends personal-alert
mtormation o a predetermined external recipient Optionally . remote-progessor 310
analvzes and determines the correlation between the detected parameters of two or more
of the detected. thereby creating correlated parameters. When the detected correlated
parameters are determined to be abnormal. the alerting unit is operatively activated 1o

alert one or more predetermined alert recenving entities

[t should be further noted that some of the processing tasks mav be performed at
a remote monitoring center  The garment-processor 112 or mobile device 300 may send
the data (sensed data or at east partally analvzed sensed data) to any remote processor,
which can further process the information, compare the obtained data to corresponding
data obtained trom other monitored people. make statistics-based decisions and other
deciston-making issues 1o mprove alerts sensiuvity and specificity (for example by
detecting suspictous trends that did not trigeer the automatic alert but a physician may
want to turther check the person)y and providing imtformation for assisting the treatment

of the Iiving being once getting to @ treating facilins

Pretferablv, the health monitoring and self-alert sostem includes sensors tor
detecting the charvactenstios of the physical activities and posture of the living berng. tor
example. aceeleration sensors 170 (see Figs S) pressure sensors. orentation sensors, ete
Acceleration sensors E70 mav be integrated sithin carment processor 110, and or at

other precontigured locations i garnvent-body 201
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Fig o schematically iHustrates a seamless wearable fetal monitoring system 101
mcluding a smart carment 400, being an exemplary underwear monitoring-garment.
according to other embodiments of the present imvention Smart fetal monitoring system
101 1s similar to smart fetal monitoring svstem 100, but further includes at Teast one
tentile pressure sensor 450 for detecting activity of the uterus, such as contractions
Fentile pressure sensor 450 may be embodied as separate detectors and or embaodied
within ECG electrode (or other textile sensors)y 210 1o form a multi-purpose sensor 410
Fhe textile pressure sensor mav be embaodied as a combination of more than one sensing
clement 452 within ECG electrode tor other textile sensors) 210

In variations of the present invention. motion of the fetus within the mother's
uterus, s detected. using multiple ECG electrodes. The SNR ration of cach 1.CG
clectrode s measure whereas 1t i assumed that the heart of the fetus s spatially
postioned closest to the electrode having the best SNR AN the fetus moves. the spatialls
position of the heart of the fetus s moving 1o be closer to a ditferent ECG electrode
Stince to posttion of cach FCG electrode with respect to - the mother's uterus s
substantiallv fixed and known, these changes in the SNR ol the ECG electrades can be
analvze 1o proximate the spatial position of the heart of the tetus as well as the position

and posture-orientation of the fetus itselr

It is an aspect of the present invention to provide methods for maternal and tetal
monitoring, using seamless wearable fetal monttoring svstem 100 and yarations thereot
Fhe methad assumes Morestle electrodes 210 some of which W oesule electrodes 210
are preset oo serve as reference electrodes 214 and the rest. NV textile electrodes 2100 are
preset to serve as measuring electrodes 212, wheretn the presetting is pettormed using

sarment-control device 110

To start using scamless wearable tfetal monitoring system T g pregnant woman
10 wears a knited or interwoven smart maternal carment 2000 having of texule
clectrades 210 integrallv knitted or mterwoven therein, the testile electrodes 210 being
i communication tfow with arment-control device TH, and activates fetal monitoring
svatemy 1O, Garment-control device 1T starts acquiring electrical mined common.
maternal and retal electrical vital signals from a predetermined external surtiace region of
a preznant woman, using a plaraline of textile electrodes intearalls knitted or intersoven

into a maternal carment The monitoring may be performed continaoushhv, 2.4 7

I8
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It should be noted that smart maternal garment 200 is worn without attaching
cither of the texule electrodes 210, recardless of the precise bodily posttioning of cach
teatile electrode 210, regardless of the chronological stage ot the pregnancey. and
recardless ol the amount of steetching of the textle tubular torm and of cach testle

clectrode 210

Reterence is now made to Figs, 7a-7¢ Fig 7a shows a graph 601a of an example
of a first mised maternal and tetal electrical signal. as provided simultancously by a
respective measurtng testile electrode 202 Fig 7b shows a eraph 601h of an example of
a st mined matemnal and tetal electrical signal, as provided simultancously by a
respectin e measuring testile electrode 212 Fig 7¢ shows a graph 601¢ of an example of
a tirst mixed maternal and tetal elecuical signal. as provided simultancously by a
respective measuring testile electrode 282 Fig 7d shows i graph 601d of an example of
a fist mined maternal and tetal electrieal signal. as provided simultancously by a
respective measuring testile electrode 212 Figo 7e¢ shows a graph 601¢ of the 4 mined
maternal and tetal electnical signals tHustrated i Fies 7a-7d. overlaid on a mutual time
anis, as provded simultaneoushy by the respective tour measuring teatile electrodes The
four raw signals have difterent amphitudes. and difterent phases Fmpincally | swith no

imntations. the followine obseryvations are made:
hinatations. the followimg observation nad

e The maternal and fetal signals are not correlated  Although normalls | their TR s

are ditterent. their ranges mav be partially overlapping.

e The maternal and tetal ECG stgnal mav ride on slow ¢ 0.3 Hzy but veny
strong stgnals produced. for example, by muscles contraction, this Tow
trequency signal interferes with reliable detection of the QRS complexes
peaks  To substantially improve the signal tlatness: polynonual tiltering
may be used. npieally along with a denvatinve evaluanon, wheremn cach
raw signal s approsvimated byoa polvaomial and s derivative can be
evaluated analvocally  In some embodiments the polvnomial tiliering

method combines Savitzhy -Golay Tiltering and smoothing spline

o Typicallv. with no limitations, over [0 measuring testile electrodes 212 are
used o tmprove SNRU wherein at Teast 2 measuring textite electrodes 212 are

disposed proximal to the heart of the fews

19



Reterence 1s now also made o Fig 8 a schematic flowchart diagram 600
owtlining an example method for detecting, separating and analvzing a maternal QRS
signal trom a multiphiciy of simultancously sensed mised ECG signals. The maternal
ORS complexes being substantially stronger than the tetal QRS complexes, the maternal

S ORS compleses are detected tirsthy
MMethod 600 includes the following steps:

Step 6100 acquiring NV signals as sensed byorespective Noselected measuning testile

electrades 212

Fach measuring textile electrodes 212 senses a mined ECG raw signal A mived
1 ECG raw signal includes a maternal ECG signal. a tetal ECG signal. signals of
clectromyouram (BENIG) activities including uterine activities. and other signals

that at Teast a portion of them are relerred to as noise.
Step 6200 hiltering the acquired signals

Fach sensed mixed FCG raw signal is preferably filtered to substantiallv reduce
IS the noise To substantially tmprove the signal flatness. polvnomial tiltering may
be used. wherein cach raw signal s appronvimated by i polvnomial and its
derivative can be evaluated analvtically  In some embodiments the polynomal
filtering method  combines Savitzkv-Golay filtening and  smoothing spline.
Tyvpicallvowith no limitations, the filtering of each sensed mived ECG raw signal
26 vields to signals pgoa derivatuve signal that contains the QRS compleses peaks

data: and py. representing the tiltered stegnal
Step 630 detecting derivative peaks

Using the dervative signal yao carment-control device TH detects derivatne

peaks that correspond 1o the maternal QRS compleses peaks of the respective

]
i

sensed mived BCG raw signal
Step 640 Optimally aligning the respective peaks of the N sienals

Crarment-control device 110 reads all the tiltered mined signals and respectinve
derivative stgnalse makes (optionallvy an iitial sorting ot the multiplicity of
stgnals, and optimally caleulates the best maternal QRS peaks alignment ot the
A0 mined BECG raw signals Thereby s the phase shift of cach mined ECG raw signal

I~ obtained
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Fo improve phase alignment process an analytical (complexy signal. such as

Hilbert transtorm. may be used
Step 650 sumning-up the NV signals

Garment-control device 110 performs a weighted summing-up of the filtered
mined signals, after shifting cach filtered mined signal by the respective
caleulated phase shitt thereby torming a summed-up coherent maternal sianal
having a substantially higher SNR than either of the acquired mised electrical

maternal and fetal vital signals
Step 660 determining the boundary of maternal QRS compleses

Normally. each QRS complen starts from a Birst minimum point. reaches
masimum and ends at a second minimum point The first and second minimum

points of cach QRS complex are determined by garment-control device 110

Step 6700 analyzing the maternal QRS compleses
Garment-control - device  FLO analvzes. tor example by performmng a
maotrphologically analysis. and to determine the maternal HR and possibly detect

health hazardous data

vend of steps details of process 600

Example

In the example shown in Fig 7e. a araph 601e of 4 overlaid mived maternal and
fetal example signals. as provided simultancously by respectise four measuring testile

clectrodes 2120 were shown,

Reterence is also made to Fig 90 showing the tlatened. summed-up mixed
maternal and tetal electrical signal, alter the summing-up process (step 630y the tour
stgnals  The summed-up maternal signal is coherent. with vood SNR and the maternal
QRS complexes can be castly observed.

Fig 10 shows an example graph 603 of (he maternal QRS compleses peaks as
detected in the derivatve of the summed-up maternal signal. thereby vielding the
maternal heartrate. In the example shown. the maternal FIR s about 80

The first and second minimum points of cach maternal QRS complex are
determined by garment-control device IO and cach maternal QRS complen is disposed
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in the respective positon in each respective filtered BCG signal Fig 11 shows an
example graph 604 of the maternal QRS compleses as overlid over the summed-up
maternal signal Fie 12 shows a magnilication 605 of a selected tume interval of the
summed-up niaternal signal, as shown i Fig Toand Fig 120 shows an example araph
606 of a maternal QRS compley that can be medically analvzed  Afier the QRS
compleses peaks are identified and localized. cach QRS complex can be analyzed. for
example morphologicaliv, and their parameters can be evaluated using methods that
cause only shight distortion

vend of example

Once the maternal QRS compleses have been found and anatvzed. they can be
remos ed either from cach of the sensed mined ECG raw signals or cach of the tiltered
stgnals. Once removed. a similar process can be executed in order to detect and analy ze

the letal QRS compleses

Reference is also made to Fiao 30 showing a schematie tlowchart diagram 700
outlining an example method for detecting, separating and analvzing a tetal QRS signal
trom a multiplicity of simultancously sensed mised BCG signals To beain with, steps
610-660 of method 600 are performed. Then, the overlard maternal QRS compleses. as
respectively overlaid over summed-up ECG signal. as shown in Fig T removed trom
the respective raw ECG signals, i a process reterred to herein as healing, as described

here below

Henee, after steps 610-660 of method 600 are performed. method 7080 proceeds

with the following steps:
Step 710 healing the N filtered ECG signals

Garment-control device 1O deletes the maternal QRS complexes trom the
respective raw ECG signals Teaving a gap therein The gaps formed may be filled
by linear mterpolanon. spline or anv other known method. The deleung of QRSN
complenes from respective raw ECG signals and then filling the caps tormed. is
referred to herein as o healing process. A signal vield from the healing process of
this step is reterred to as a healed-maternal ECG signal
Step 7200 filtering the acquired signals

Fach heated-maternal ECG signal is preterably tiltered to substantially reduce
the noise To substanually improve the signal latness. polvinomial tiltering nay

o



be used. wherein cach healed-maternal FCGoosignal s appronimated by a
polvnomial  and its  derbvatine can be evaluated  analvticallv - In some
cmbodiments the polvoomial tiltering method combines Savitzhy-Golay tiltering
and smoothing spline Tvpicatlv, with no limitations, the tiltering of cach healed-
3 maternal ECG signal vields to signals pgea derivatise signal that contaims the
QRS complenes peaks data. and yyz representing the tiliered signal.
Step 7300 detecting dernvaty e peaks
Using the derivanve signal e garment-control device 110 detects dervatinve
peaks that correspond to the fetal QRS compleses peaks of the respectin e healed-
10 maternal ECG signal
Step 740 Optimally aligning the respective peaks of the Vsignals
Carment-control device THY reads all fiftered healed mixed signals yp2 and
respective derivative healed signals yyeo makes (optionadlyy an mitial sorting of
the muluplicity: of signals, and opumally calcalates the best fetal QRS peaks
[N alignment of the healed-maternal 1.CG signals Thereby . the phase shift of cach
healted-maternal £CG signal s obtained
To improve phase alignment process an analvacal (complex) signal. such as
Hilbert transtorm. mav be used.
Step 7S0° summing-up the N signals
24 Garment-control device 110 performs a weighted summing-up of the filtered
healed signals. after shifting cach tiltered mixed signal by the respectinve
caleulated phase shift. thereby torming a summed-up cobherent fetal signal having

a substantiatly higher SNR than cither ot the healed-maternal FCG signal

Step 760 determining the boundary of fetal QRS complexes

25 Normallv, cach QRS comples starts from a [rst mimomum point. reaches
maximum and ends at a second mimmium point The first and second minimum
points of cach QRS comples are determined by garment-control desice 110
Step 770 analvzing the fetal QRS compleses,
Garment-control — device  FLO analvzes. tor example by performing a
34 morphologicallv analvsis, and to determine the tetal HR and possibly detect

health harzardous data.

rend of steps detatls of process 700

12
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Example

Continuing from the maternal example, reterence ts also made o Fig 14,
showing an example graph 701 of the fetal QRS complexes peaks as detected i the

dertvative of the summed-up coherent fetal signal. thereby vielding the tetal hean rate

The tirst and second mintmum points of cach tetal QRS complex are determined
by garment-control device 1100 and cach fetal QRS complen s disposed in the
respective position in cach respective filtered ECG signal Figo 15 shows an example
araph 702 of the fetal QRS complexes as overlaid over one of the four stgnals
composing the healed-maternal ECG signal

vend of example)

Reference s also made to Fig o oo showing a schematie tlowchart diagram 800
outhnming an example method for detecting and analvzing muscles contraction such as
uterine contractions. herein referred 1o as EMG signal analvsis - o begin with, steps
610-660 of method 600 and T10-760 of method 700 are performed. Then. method 800

proceeds with the following steps.
Step 810 healing the summed-up coherent fetal signal

Garment-control device THO deletes the tetal QRS compleses from the summied-
up coberent fetal signal, for example, Teasing a gap therein The caps tormed
may be tlled by hinear mterpolation, spline or any other known method A signal
vield from the healing process of this step s referred o as an EMG signal
Step 8200 anahvzing the EMG signal

Garment-control - device 1100 analvzes. for example by performing  a
morphologicallv analvsis, and o determines it the uterine is contracting at a rate
and amplitude that requires hospitadization for birth giving

(end ot steps details of process 800)

Preferably the health monitoring and selt-alert svstem. including monitoring
varment 100, complies with to the TEEE SO02 1S standard or an updated standard and
FCC Medical Body Area Network (MBAN) svstems or an updated standard.

It should be further noted that the monitoring ot the health condition 1s
contigured to pertorm continuousty Personal-alerts mav be generated immediately as a

24



dangerous situation s detected  The user does not have to pertorm any activity acuon in
order to get the alert For the sake of charitv. activiiy may be requived at installavon tme.

but not during monitoring

It should be further noted that persenal-alerts can be issued to the momtored
S being and or to an external entity, such as an emergency center. a close relative, ete The
personal-alert can be transmitted to a computer. a telephone and or any other

communication device

In variation 1t the present invention. the monitoring garment (200, 202 204 o

400) includes a generally vertical zipper (not shown). wherein testile electrodes 210 are

10 Knitted theremn and are individually operatively connected 1o garment-control device
HHO Flowever. some clectrodes may require crossing the zipper - Too overcome the
problem conductive stripes o Tine traces 2200 are Knitted into or attached 10 smart
garment 220 1n a path that 1s set to continuousiy pass through the continuous section of

the garment between the two unzipped parts of the zipper

IS It should be further noted that the health monttoring and self-alert system can
optionallv send the dwta to any remote processor. which can further process the
mformation. compare it to many other monitored people. make statisties-hased decistons
and other decision-making methods o improve alerts sensitivity: and spectficity and
providing information for the teeatment of the living being once getting to o treating

260 tacality

The invention being thus described in terms of embodiments and examples. it
will be obvious that the same mav be varied in many wavs Such varations are not to be

recarded as a departure from the spirit and scope of the iovention. and all such

Lo
il

maoditications as would be obvious to one skilied in the art are intended to be included

within the scope of the following clhums.
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WHATISCLAINED IS

I A smart maternal monitoring garment comprising

a) a tubular torm having varable clasooy, said wbular form having a tirst
multiplicity of knitted or mierwoven hnes. wherein cach sard line s knitted or

interw oy en with at least one non-conductive varn, and

by asecond muluplicity of conductve tentile electrades tor sensing maternal and fetal
clectrical vital signals, cach said conductive textile electrode having.

I a third muluphicity of verticaliv-aligned line segments. wherein cach said
segiment s tormed within said knitted or interwoven lines with a non-
conductive varn and a conductive vam: and

i a skin-stde face configured to electrically conduct saird <ignal tfrom a

predetermined external surtace region ol a pregnant woman,

wherein cach satd conductive tentile electrode is adapted 1o be in communication flow with

a processor.

~

2 The maternal carment of claim 1. wherein said maternal and tetal electrical vital
signals are selected trom a group including maternal heart rate. tetal heart rate and

clectromy ogram (BN G activities including uterine activities.

3 Fhe maternal carmtent of claim 1. wherein said predetermined esternal surfiace region
is selected trom a group including the abdomen. the perineam and buttocks of said pregnant

Wwaiman

4 The maternal garment of claim 10 swherem said second multplictiy of conductive
testile electrodes includes a precontigured number of measuring electrodes and  a

precontigured number of reterence electrodes.

3 Fhe maternal carment of claim 4. wherein cach said measuring electrode 1s paired

with at least one reference electrode

o Fhe maternal carment of clatm 4. wherein cach aiven said  conductive testile
clectrode. ina specitic measurement instance. is paired with a precontigured number of

other said conductive tesule electrodes, and wherem i cach said pairing. sid gnven

20



conductive textile electrode serves either as a measuring electode or as a reference
clectrode. thereby factlitating increasing the number of differential measarements acquired.
i said specitic measurement instance. bevond said second multiplicity of said conductive

tentile electrodes

7 The maternal carment of cliem -1 wherein said measuring electrodes and sind

reference electrodes are positioned. within the maternal garment. in precontivured locations

-

8 e maternal sarment of claim 7. wherein sand positon of said measuring electrodes
and said reference electrodes are precontigured to thereby optimize the spatial coverage of

the uterine

. e maternal garment of claim 4. wherein the pairing of said measuring electrodes

and respective said reterence electrodes s preset using said processor

[+ The maternal garment of claim @0 wherein said nomber of measuring electrodes, said
number of reterence electrodes and said pairing thereol are preset to thereby optimize the

sienal to noise (SNR) ratio

[l The maternal garment of claim | wherem said tubualar form has a designated knitting
or interweaving densitv, and wherein one o more designated regions have a knitting or
interweas ing densuy that s higher than sard designated knitting or interweaving density of
said tubular torm. thereby providing saird variable elasuaty, o enable stable conductive

contact of said shin-side face of cach sard electrode with the skin ot said pregnant woman

I‘\

2 The maternal carment of claim 1. wherein said maternal and fetal monitoring s

yerformed contimuoousiv, dav and nieht. while performing evervdav lite chores
performed continuoushyv, day and nighto while performing vdav Tite ¢h

I3 The maternal garment of claim 10 wherein said processor is adapted to alert at least

one precontigured receiving entty, upon detecting a health hazard

[4  The maternal garment of claim 1. wherein <aid conductive testile electrode are in
communication How with the processor via conductive stripes or line traces, wheretn the
tubular torm further includes a generally vertical zipper: and wheremn said conductive stripes
or line traces are attached o or knitted into said smart carment ina path that s set to
continuoushy pass through the continuous section of the garment between the two unzipped

parts of satd zipper



IS The maternal garment of claim 13, wherein said preconfigured receiving entity is

selected rom the wroup ncluding a smant personal electronic device of said pregnant

woman, a smart personal electronie device of another person, a medical personal, and a

computerized center

[6 A method tor maternal and fetad momtoring comprising the steps ol

a)

b)

<)

dy

<)

wearing a knitted or interwoven smart maternal garment having a pluratite of
textile electrodes integrally knitted or interwoven therein, said textile etectrodes

being in communication flow with a processor:

acquiring electrical mixed common, maternal and fetal electrical vital signals trom
a predetermined external surtace region of @ pregnant woman. using a phuraliny of

textite electrodes mtegrally knitted orinterwoven into a maternal carment,

optimally weighted sumnung-up said acquired mined maternal and tetal clectrical
vital signabs to thereby form a summed-up mined signal. having a substantally
higher SN\R than either of the acquired maternal and tetal electrical vital signals,
analvzing the sunmed-up mised signal to thereby extract the maternal sienal from
said summed-up mised signal and maternal-related-parameters thereol™ and
healing the summed-up mined stgnall including deleting the extracted maternal
stgnal from sard summed-up nuxed signal. o thereby torm a healed-summed-up
mixed signal,

analyzing sard healed-summed-up mined stgnal to thereby extract o tetal signal

[rom said healed-summed-up mised signat and tetal-related-parameters thereof

17 The method of clamm 1o, wheramn said maternal-related-parameters are selected from

the group including heart rate. onygen saturation, respiratory rate. blood pressure. skin

temperature and BCG parameters such as ST elevation and depression

I8 The method of claim Too wherein said fetal-related-parameters are selected from the

group including heart rate. spatal position of’ the heart nside the womb. body spatal

orientation inside the womb. motion inside the womb and body dimensions

1A method formaternal and fetal monitoring comprising the steps ol



a) wearing a knitted or imterwoven smart maternal garment having @ pluraline of
testile electrodes itegrally knitted or intersoven therein, said testite electrodes

being in communication flow with a processor;

by acquiring electrical mined common. maternal and fetal electrical vital signals tfrom
a predetermined external sarface region of @ pregnant woman, using a plurality of

tentile electrades integrally knitted or interw oy en into a maternal sarment.

¢y optmally werghted summing-up sard acquired mined maternal and fetal electrical
vitad siznals to thereby form a summed-up maternal signal, having a substantially

higher SNR than vither of the acquired maternal and fetal electiical vital signals,

dy analvzing the summed-up maternal signal 1o thereby extract the maternal signal

from said summed-up maternal signal, and

¢} healing the acquired mixed maternal and tetal electrical vital signals, including
deleting the extracted maternal signal trom the respectiv e acquired mised maternal
and fetal electrical vital signal. to thereby torm a plurality of healed-maternal FCG
signals,

1 optimally weighted summing-up said healed-maternal ECG signals o thereby
form a summed-up coherent fetal signal. having a substantially higher SNR than

cither of the healed-maternal ECG signals:

f

analvzing said summed-up coherent fetal signal o thereby extract a tetal signal

from said summed-up coherent tetal signal

200 The method of claim 19 further comprising the step ot

) analvzing said sommed-up coherent tetal signal thereby extract the ENIG signal
formed by electromyogram (LNG) activities ineluding uterine activites, from sand
summed-up coherent fetal sienal

21 The method of claim 19, wherein said extracting and analvzing of said maternal sienal

from saird summed-up electrieal signal comprises the steps ot

) detecting the peaks in the maternal QRS compleses using said summed-up
maternal signal. the maternal QRS compleses peaks being substantiallv stronger

than the tetal QRS complees:
by determining the boundany of each said detected maternal QRS complex:

29



<)

d)

i lal

analy zing said summed-up maternal sienal 1o thereby extract said maternal signal
and determine the maternal TR, and
analvzing cach said detected maternal QRS comples to thereby detect health

hazardous data.

lhe method of claim 190 wherein sad extracting and analyvzing of said fetal signal

rom said summed-up clectrical signal comprises the steps of

a) detecting the peaks in the maternal QRS complexes in said summed-up maternal
stgnal. the maternal QRS compleses peaks being substantially stronger than the
fetal QRS complenes:

by determining the boundarny of cach sard detected maternal QRS complex.

¢} deleting cach satd detected maternal QRS comples trom the respective sand
acquired mived maternal and tetal electrical vital signal and tilling the gap. thereby
forming a respectin e healed-maternal ECG signal.

dy o opumallv-werghted summing-up said healed-maternal CG signals to thereby form
a summed-up coherent tetal signal. having a substantially higher SNR than either
ot said healed-maternal ECG signals,

¢} detecting the peaks of fetal QRS compleses in said summed-up coherent tetal
signal.

) determining the boundary ot cach said detected fetal QRS complex:

o) analvzing said summed-up maternal signal o thereby extract said fetal signal and
determine the tetal HIR. and

hy analy zing cach sad detected tetal QRS comples to thereby detect health hazardous
data

23 The method of claim 200 wherein sard extracting and analvzing of said ENIG o signal

rom said summed-up clectrical signal comprises the steps off

ad)

detecting the peaks in the maternal QRS complexes in said summed-up maternal

signal.



by determining the boundany of cach said detected maternal QRS complex.

¢) deleting cach said detected maternal QRS comples from the respective acquired
mined maternal and fetal electrical vital signal and filling the gap. thereby forming
arespectiv e healed-maternal BCGosignal.

dr detecting the peaks of fetal ORS complexes in said summed-up coherent fetal
signal,

¢ determining the boundary of each said detected tetal QRS complex:

3 deleting cach said detected Tetal QRS comples from the summed-up coherent fetal

signal and tilling the gap. thereby Torming a ENIG summed-up signal. and

g

analyv zing the ENMG summed-up signal

a2 l—\w

24 The method of claims 22 and 23, wherein said filling of said gap includes by using

linear interpolation or spline

~

25 The method of claim 230 wherein said analvsis of sard ENIG summed-up signal
includes pertorming & morphologicallyv analysis to thereby determine it the uterine s

contracting at a rate and amplitude that requires hospitalizaton tor birth giving

260 The method of clarm 22 wherein said summed-up coherent fetal signal contains mare

than one tetus and wherein sad fetal QRS compleses of the signal of cach fetus is separated

based on difterent heart rate and or difterent phase normal or inverted QRS Comples

27 The method of claim 200 wherein said separatton of the signal of cach fetus s

pertormed using Fourier transtorm

g

28 The method of clamm 190 wherein sard maternal garment is worn without attaching

either of sard electrodes,

recardless of the precise bodilv positioning of cach said electrode.

regardless of the chronological stage of the pregnaney . and

regardless of the amount of stretching ot the wbular form and of cach said electrode

29 The method of claim 19 wherein sard maternal signal includes matemal heart rate



300 The method of claim 19 wherein sard fetal signal includes fetal heart rate

31 The method of claom 190 wherein said predetermined  external swface region s
selected trom a group including the abdomen. the perineum and buttocks ot sard pregnant

woman

32 The method of claim 190 wherein said conductive tentile electrodes include a
precontisured number of measurng electrodes and a precontigured number of reference

clectrades.,

33 The maternal carment of claim 320 wheremn cach sard measuring electrode is paired

with at least one reterence electrode

34 The method of clatm 320 wherein cach given said conductive texule electrade, in a
specitic: measurement instance. s paired with o preconfigured number of other said
conductive textile electrodes, and wherein in each said pairing, said given conductive textte
clectrode serves either as a measuring electrode or as a reterence electiode. thereby
Facihitating increasing the number ot ditterential measurements acquired. in said specitic

measurement instance. bevond said second multiphicity ot sard conductiv e tenule electrodes

35 The method of claim 320 wherein said measuring electrodes and said reference

clectrodes are positioned. within the maternal garment. in precontigured focations

30 The method of clamm 33 wheremn said positon of said measuring electrodes and sand
reference electrades are preconfigured 1o thereby optimize the spatial coverage ot the

uterine.

-2
H

The method off caim 320 wheretn the pairing o said measuring electrodes and

3
respective sid reterence electrodes are preset using said processor
A8 The method of clm 37, wheren said number of measwing electrodes. said number

of reference electrodes and said pairing thereol are preset to thereby optimize the signal o

noise (SNRy ratio

‘v
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