|  PACKAGES OF APPARATUS FOR NON- | NVASI VE DETECTI ON OF PULSE RATE AND BLOOD
FLOW ANOMALI ES Field of the Invention [0001] The present invention
generally relates to apparatuses for nonitoring blood flows, and nore
particularly to packages of an apparatys for non-invasive detection of

pul se rate and bl ood fl ow anonmal i es. Background of the Invention [0002]
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por t ant paramsters subjevt toribA edaeRiAN, O e ot ause they are
inmportant in assessing the health condition of an individual. Healthcare
institutes such as bhe hospitals and el derly care centers can use this
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noni t or i pglse oate pat bleod Sowfanemahey. or surgeries is inportant to ensure
patients' snooth recovery. [0004] Furthernore, pulse rate and bl ood fl ow

i nformation of individuals subjected to crowded and cranped conditions
with Iimted physical activi tyaclg?ympﬂ offtht TfRetba trigger alert for

i mredi ate attention when blood flow anonmalies, such as deep vein
thronbosis, are detected. Simlar nonitoring and alert system nay al so be

depl oyed i ng di ter where life.condition o e fected rsonnel
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t enper at BeAth gondiion;with egse pf usgrndyoadorindée gevehie healthamonitermesdevices are

increasingly used at places such as home, ambulance and hospital, and at situations
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including military training and sports.

[0003] Pulse rate and blood flow characteristics are important parameters subject to
continuous monitoring because they are important in assessing the health condition of an
individual. Healthcare institutes such as the hospitals and elderly care centers can use this
information to remotely monitor the health conditions of their patients. This is particularly
important for paraplegic patients whose blood flow anomalies need to be detected early. In
addition, blood flow anomaly monitoring for patients after major surgeries is important to
ensure patients’ smooth recovery.

[0004] Furthermore, pulse rate and blood ﬂow information of individuals subjected
to crowded and cramped conditions with limited physical activity may be utilized to trigger
alert for immediate attention when blood flow anomalies, such as deep vein thrombosis,
are detected. Similar monitoring and alert system may also be deployed during disaster
where life condition of the affected personnel can be assessed continuously for rescue risk
management. Finally, it is important for monitoring of the pulse rate and blood flow of
personnel working in dangerous environments such as deep sea condition (divers), high

temperature (fire-fighters), and deep underground (coal miners).




[ 0005] Current apparatuses for non-invasive neasurenents of bl ood pul se
rate use electrical, nmechanical and optical neans for sensing. The
apparatuses can cone in the formof chest stripes, socks attachnents,
wri st-wat ches, and finger attachnents. wever, each of the apparatuses
for bl ood pul se neasurenent has its weaknesses. Chest stripes and sock
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field. However, the non-invasive electromagnetic apparatuses using electrodes to measure

pulse rate and blood flow have poor signal-to-noise ratios as most of the systems employ
electrodes; the apparatuses are more susceptible to body electrical noise and motion
artifacts. In addition, most of these apparatuses employ the reversal of magnetic field
polarity to achieve signal acquisition of pulse rate and blood flow information. This
method usually requires the use of an electromagnet, which will result in high power
consumption. As such, the current electromagnetic apparatuses of pulse rate and blood
flow monitoring are not portable and are not meant for ambulatory use.

[0007] The inventors of the present invention have previously discovered a
magnetic method for non-invasive detection blood pulse rate and flow anomalies without
the need of direct contact between sensor and skin. See, Singapore patent application No.
200601301-3, titled “Apparatus and method for non-invasively sensing pulse rate and
blobd flow anomalies” which is incorporated herein for its entirety. The magnetic method

has many advantages over other non-invasive methods. For example, the other non-



200601301-5, titled "Apparatus and nethod for non-invasively sensing pul se
rate and bl ood flow anonalies” which is incorporated herein for its
entirety. The nagnetic nethod has many advantages over other non-invasive
met hods. For exanple, the other non 3 4nvasive nmethods acquire their
signals by deform ng the bl ood vessels. The deformation of blood vessels

coul d be.achieved, by for. exanple e e of seous devj.ce as di.scl gsed
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provi des &SpB¥kAne No 2094005159 At.ubn ¢antrasto theimagastic miethoduloes notinegd afy bl ood
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| ocal i zed, fo%%!la_ﬁ%? ?%@??%ﬁ%%ﬁgg?{cﬁ%gﬂgﬁqé‘ﬁmnﬁagneti c field; a signal

acqui sition nodule with a magnetic sensor di sposed within the magnetic
field for detecting the nodul ati ons of the magnetic field caused by the

bl ood flow, and a gaseous darﬁﬂ%@awﬁﬁﬂ@ﬂmmi n the magneti c source nay
be disposed wthin or onto the gaseous danpi ng cushion; thereby the
gaseous danpi ng cushi on enables the nodul ati ons of the magnetic field of
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user. In other enbodinments of the package, the magnetic source is a
per manentWithig pleents thegpsequsalempingensbionpthereby the gaseeus dampingoshionsgaldess. | n
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[0009] In another embodiment of the package, the package further comprises a

signal conditioning module for converting the output of the signal acquisition module with
appropriate amplifications; and a digital signal processing module for processing the output
- signal from the signal conditioning module; thereby pulse rate and blood flow anomaly can
be monitored.
[0010] In another embodiment of the package, the package further comprises a
display/user interface/alarm module for providing visual or acoustic notification to a user.
In other embodiments of the package, the magnetic source is a permanent magnet or an
electromagnet or a plurality of electromagnets. In a further embodiment, the strength of
the magnetic field produced by the plurality of electromagnets is controlled electronically.
[0011] In another embodiment of the package, the magnetic sensor is any magnetic
sensor with appropriate sensitivity of detecting the modulation of the magnetic field from
the magnetic source. In further embodiments of the package, the magnetic sensor is a giant
magnetoresistance (GMR) magnetic sensor, a tunneling magnetoresistive (TMR) based

magnetic sensor, or an anisotropic magnetoresistive (AMR) sensor.



sensor with appropriate sensitivity of detecting the nodul ati on of the
magnetic field from the magnetic source. In further enbodi nents of the
package, the magnetic sensor is a giant rmagnetoresistance (GVWR) magnetic
sensor, a tunneling nagnetoresistive (T)MR) based nmgnetic sensor, or an
ani sotropi ¢ magnetoresi stive (AMR) sensor. 4 [0012] In another enbodi nent
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printed circuit board; and a means for channeling the signals from the printed circuit board

so that the signals can be processed.

[0015] In another embodiment of the magnetic field sensing device the magnetic
sensors are any magnetic sensor with appropriate sensitivity of detecting the modulation of
the magnetic field from the magnetic source. In further embodiments, the magnetic sensor
is a giant magnetoresistance (GMR) magnetic sensor, a tunneling magnetoresistive (TMR)
based magnetic sensor, or an anisotropic magnetoresistive (AMR) sensor.

[0016] Another embodiment of the present invention provides a magnetic source
positioning device. The magnetic source positioning device comprises at least one
magnetic source; and a gaseous damping cushion that has a doughnut configuration with a
circular chamber; wherein when the at least one magnetic source is embedded within the
circular chamber, the circular chamber is disposed with means for allowing the embedded
magnetic source to move and positioning the embedded magnetic source within the circular
chamber.

[0017] In another embodiment of the magnetic source positioning device, the

magnetic source is a permanent magnet or an electromagnet.



positioning device. The magnetic source positioning device conprises at

| east one magnetic source; and a gaseous danpi ng cushion that has a
doughnut configuration with a circular chanber; wherein when the at | east
one magnetic source is enbedded within ghe circular chanber, the circular
chanber is disposed with neans for allow ng the enbedded nagnetic source
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Brief Description of the Drawings

[0021] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0022] FIG 1 is a functional block diagram of a known non-invasive magnetic

apparatus for sensing pulse rate and blood flow in an object.

[0023] FIG 2 shows a top view of hand with the known non-invasive magnetic
apparatus.
[0024] FIG 3 shows a cross-section view of hand with the known non-invasive

magnetic apparatus.

[0025] FIG 4 shows a cross-sectional view of the package for a non-invasive
magnetic apparatus in accordance with one embodiment of the present invention.

[0026] FIG 5 shows four exemplary configurations of the magnetic source and the
gaseous damping cushion.

[0027] FIG 6 shows a plan view of the package for a non-invasive magnetic

apparatus in accordance with another embodiment of the present invention.




[0023] FIG 2 shows a top view of hand with the known non-invasi ve nagnetic
apparatus. [0024] FIG 3 shows a cross-section view of hand with the known
non-invasi ve rmagnetic apparatus. [0025] FIG 4 shows a cross-sectional view
of the package for a non-invasive magngtic apparatus in accordance wth
one enbodi nent of the present invention. [0026] FIG5 shows four exenplary

configurations of t netic source a t he aseous danpi ng cushi on.
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[0028] FIG 7 shows a plan view of the package flor a non-invasive magnetic
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propagation__resul [0033] FI.G 12 js a graphic diagram showi ng the
rel ati ond?33 bet \AetépiGglésg’Gﬁ‘@ andHpsiratignob dbg gaseousydamnieg svsbiomwitheeiseli gnal

val ues. &l I BdW ' . [ tion
oy Do oot e ARRChS B 0 SRR E S R hP AT o hEE Bk AL
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damping cushion form factors and MMSB signal values.
Detailed Description of the Invention

[0034] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention. |

[0035] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0036] In the following detailed description, specific details are set forth in order to
provide a thorough understanding of the invention. However, it will be understood by
those skilled in the relevant art that the present invention may be practiced without these
specific details. In other instances, well-known methods, procedures, components, and
materials have not been described in detail so as not to obscure the present invention.

[0037] As mentioned above, the inventors of the present invention have previously
discovered that when a localized, uni-directional, and constant magnetic field is applied to
a blood vessel, the flow of pulsatile blood can modulate the applied magnetic field and that
the modulation of the magnetic field can be sensed directly if a magnetic sensor is disposed

in a suitable position within the magnetic field. An earlier filed Singapore patent



into this application in order to nore fully describe the state of art to
which this invention pertains. [0036] In the follow ng detailed
description, specific details are set forth in order to provide a thorough
under st andi ng of the invention. Howeverz it will be understood by those
skilled in the relevant art that the present invention nmay be practiced
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pulse rate and blood flow profile, will be sent to the display/user interface/alarm module.
[0039] The signal acquisition module 2 comprises a magnetic sensor that is able to
translate magnetic variations to voltages proportional to the variations of the magnetic
signature. The magnetic sensors suitable for the present invention include, but are not
limited to, spintronics based sensors (e.g. giant magnetoresistive (GMR) sensor and
tunneling magnetoresistive (TMR) sensor), anisotropic magnetoresistive (AMR) sensors
and any magnetic based sensors. One exemplary magnetic sensor is a Spintronics based
magnetic sensor (e.g., AAH002-02 manufactured by NVE Corporation). It is to be noted
that other magnetic-based sensors with different sensitivities may also be used to detect the
modulated magnetic signature of blood flow (MMSB), but the related parameters (e.g., the
strength of the magnetic source, the distance between the magnetic source and sensor, and
the relative placement and orientation of the magnetic source and sensor with respect to a
blood vessel) will have to be modified with appropriate support from experimental results.
[0040] As shown in FIGS 2 and 3, the non-invasive magnetic apparatus could be a

wrist-wearing device where the magnetic source 1 and the magnetic sensor 2 are positioned



conditioned and digitized for signal processing. Then, the processed
signal, primarily the pulse rate and blood flow profile, will be sent to

t he display/user interface/alarmnodule. [0039] The signal acquisition
nodul e 2 conprises a magnetic sensor that is able to translate nagnetic
variations to voltages proportional to the variations of the nmagnetic
signature., The magneti c, senso suitable for the present invention include,
but ar e BRI Hf BEQIod) VSR d Pe Aroce 6 Sisphlsardtinebiged gRgic sienatur
magnet or eFibsdddM@KISHR) ars @aRéticant the smé}%kﬂ SOhERSRSERE Sr&d, iLschdilfRly of
sensor), anisotropic magnetoresistive (AVR) sensors and any nagnetic based
sensors. t éeféﬁbﬁgq distanga yaerden themsand thgiraelgfiveplacemey dndseitntating rveth ¢
sensor ( i 2 - nuf actured bw NVE Corporation).. It is to not ed
that ot hareet A MR RO BB GF e or i Bt A v g e o be
used to detegh dfife nipdtiAiREcTRANGEI sensiliGBAbE AR Mhgdetio@endok aw PWERY; but
the related paraneters ( the strength of the magnetic source, the

€. R " . Y
di st ance Bt Hisdwt sHyetdy rﬁ@gmug@u%@plalﬁaors enesothey arrimanpfactueddat it veto be

pl acenen i i . i rce .Sensqr. wih r ect to
a bl oodtn\(/)géggggw\?ﬁ ?Eﬁ%%ngﬁggo%?i |{Seal e?‘f@@a‘ﬁ%&%ﬁ? ?%@gesstyﬁltﬁgﬁg%%?com
exper i mentrahgthe sah the. opel 4% @pn#sllahobowevef; | thS MMSBI céh still®enhandvdals) ve
magneti c aﬁg ratus_coul d bfg a wist-wearing device where the nagnetic
source 1 PERAdipgdhgr to e grparatys.ayhere e figedpmgvanld eaghle thearsgr todreehe

bl ood vesgRist th [ t s e of
bl cod (V" IS AEreRERe RARGChAH 17 e TR, RRGHE BB orfen BB W 7
sensi ti vite pegyfire thedINERskatter.t Ineaddiitsana itcwoudé theslesirdbiie tn erackcet the MMSBI tat | ve

Curtace. GHD el b ity e RREREE et onthl Sourcs REFE ROBINHO et ¢

source anghghbgc S@R6I. tFutHeym6fe, Eﬁé%dmﬂ%wecma?{bﬁerapﬁ&ﬁm% REGI1bALFhonitdigy are
not subject. to subsequent nani pul ati on once tThey are manufactured. It is to

be not edeyisapesds én prividetqoprar tethecveasponent s are used as magnetic sources

St 11 bothncea BPreui KGPIRa: ds e Arruitta S PHrE! vigpe e °"

f r eedom pacitage éoradbhen-irvasives afaghetid dppeatayus ia A etilarich SvifPERedn Ko daaet G isens or
interns of their relatjive placement and orientation so as to acquire the

MVBB bet PETSCNY RVERIAT: | She Prekage dpra mendewasigpmagnasicepmarséts 2heomnessisy

gégg{t irTSi ! ngffié Fﬁ%&fce 02'1?%gfnggnétﬁeseﬁg&ewt(ﬁ'otoghorv&}leh%gna%td' & asLs %aﬁﬁl;ﬂlé he
cushion 23. The means for holding the package 20 is not shown herein in order not to
obscure the principles of the present invention. Any known means or methods for holding
a wrist/limb wearing device would be suitable for the package 20 of the present invention.
The cross section of the limb is shown here is to show that the gaseous cushion 23 provides
good physical feature conformity. It is to be noted that the description of packages in this
application does not include all components that may be included in the packages; instead,
only the magnetic source and sensor are used to illustrate the principles of the present
invention. The inclusion of other components into the packages of the present invention
would be evident to those skilled in art without any undue experiments.
[0042] The magnetic source may be any suitable means that is capable of
producing constant magnetic field. The constant magnetic source may be permanent
magnet, coil of wire, coil of wire on a ferromagnetic material, or coil of wire on a magnet.
The magnetic senor has been discussed above. The gaseous damping cushion comprises

air or non-magnetic gas.



magneti c sensor. Furthernore, the non-invasive magnetic apparatus as a |ong
nonitoring device needs to provide confort to the wearers. [0041] Now
referring to FIG 4, there is provided a cross-sectional view of the

package for a non-invasive nagnetic apﬁl_ﬁr atus in accordance with one

enbodi nent of the present invention. e package for a non-invasive

magneti c ratus .20 conpri S a magnetic source 21, a magneti c sensor 22
(ngt sho»’ﬁoo“ﬁ re), gﬁ’ﬂpgsﬁﬁgé’iglée H’aﬁ‘_ﬂ)‘?t%g”“’écﬁscﬁi‘gﬁ %nteﬁh‘@“ﬁ]élgr@ rFléF(_’IhE’! di ng
the packape gdfolis d@pinghRsRioRer £ Bhdwn o F€6G N Qhert Are Bﬁﬁﬁd&dﬁoﬁ?@x&ﬁﬁl&ﬁi ples
of the present invention. Any known neans or nethods for holding a

wri st/ 1 i eenfiguretions ofdhe meguicl Wures andithe paseotisodamieg peshiag éa)2be ofaghétes ]
present invention. he cross.section of the Ijnmb.is shown here is to show
Phat -t he DEEH Bunsd o5 S B RGRMST ety lLibind pilReF Cobe ket 1t
i's to besoaiceds nbaited hethd ®DaLMMS1 B geoRRGHARAS clishidli(8) thaRRIgn6@d sdiRcedoes
not include all conponents that may be included in the packages; instead,

only t he ihdigakt fleatguvithinghg sssenitsrdamping sushions and) (d3 tthaymagnetic pourecispl es

of the rng(?ﬁ-] | LOon. } S| f,_other conponents into the
packageg 0 ﬁ?eonléélééggtf\)w@r%%{?ﬁgﬁ?th\%(ﬁja?% éiarélblln é:HfChl ) those skilled in art
wi t hout d@ogaundue eorerdfereingso FIGW Aerd Repravidog biplars @S the padkag@ iy a

sui tabl e neans that is capable of praoducing constant nmagnetic fireld. The
const ant PREYRESTE BeRNcHe apBsralys 1paFsridaine Withgprther epbedinenipty the peesent of
wre on %Je%ﬁBR“%%%ds@oMa‘?ﬁ&iﬁ% igu iofi 23 pf 4 %@nﬁpslgaggagﬂﬁﬁ%ura-m% It
magneti ¢ senor has been di scuss above. e gaseous npi ng tushi on .
conpr i sedurtlgr comprisesrmeangribati allogathe Bagre04@]jred ebpawivablenlonf théeircrgnet i ¢

b nted. variably.in relation to the gaseous danpjng cushion.
Pl T TR AN N e R
magnet i C nfgveli€ enyafiste! NEoRRERBHGNIANRE Btbved! BhFRD 6, 1R mbAR f@?@&%}dlﬁ?gbﬁféume

is nounted on the top (interior) of the gaseous danping cushion; (b) the
magnet i c maygmeakandpeption edthgtmagnstipsotrsmvathin e ¢jasdaudhaddrpomgpdseshi on;

e
of the g@lapoaltovddrRhaGettishiredto BDB4ddbINRIhInahEEHd st dhambbGarfl at ihiedaghel S
provi dedtiameplllgfg t}/li: gﬁli%]; tg Egldpt%(e: kr&?geqezi(? rsm?rcc: in its position. The package 20 may
further comprises a printed circuit board (not shown in FIG 6), where the printed circuit
board is designed to be mounted with at least one magnetic sensor which is able to detect
magnetic field in any direction.
[0045] The movement ability of the magnetic source afforded by the gaseous
damping cushion enables the user to avoid the saturation of the magnetic sensor. This is
important as individuals have different physical features on the various blood pulse signal
acquisition sites.
[0046] Referring to FIG 7, there is provided a plan view of the package for a non-
invasive magnetic apparatus in accordance with another embodiment of the present
invention. The package is different from the one shown in FIG 6 in that it comprises a
printed circuit board and two magnetic sensors where the two magnetic sensors are
orthogonally mounted onto the printed circuit board with appropriate connectivity.
[0047] Referring to FIG 8, there is provided a side-view of the printed circuit board

and two magnetic sensors in accordance with one embodiment of the present invention. As

shown in FIG 8, the printed circuit board is sandwiched by two magnetic sensors where the



non-i nvasi ve magneti c apparatus in accordance wth another enbodi nent of
the present invention. The gaseous danpi ng cushion 23 has a doughnut
shaped configuration. It further conprises nmeans that all ow the magnetic
source to be novable al ong the circul agg chanber but restrain the nagnetic
source at a certain position after the user decides not to nove it

anynore. J. ne epbodj nent as shown i.n Fl , the ns for canirolling the
novenent dé{r%(ﬁg%%ssf)fpben{%‘? S?r}.?grsngar}&c?réhosggagcg)r aana eorg}qg_e{izﬁ_a’{o“@ﬁ%%er
CONpr i sesenablep tHé@hdreyic @Ensdeytio-det@¥ nflefetid ABYs Withblid Rift g Whd Birdotioll of
circul ar chanber. The sem -flexible Tgl aps allow the magnéetic source to be

movabl e ¢ Miagnetie seispisy Makingni fbeympinaagnetichensiagwulevice.md heawintedheirewit | i t y

to hold t |G- 00 it . Th Kk 20 f h

conpri sedtard RO BELLGEAY SGupBa it P WdaBiie RRePESETAN i dpt Hmuigihen: ca

circuit rhagmetic fislddggmialyfesn tie hegntd 8érBersvint bugiut {}@%%Qui%%iggig%g]@tailgﬁgnﬁﬁnsor
e

which is able to detect magnetic field in any direction, [ ]
movenent PEPFESTIRG componsat thel etlectronyally coupled mitithe printed ciyawisboard. dMbibt ng
cushi on : ; L6l S Al f i r.
P e T R i b
various bignels, peiisbe siedrimbny suigblesipplianionifoedetedting 4flonées feldi ng to FIG 7,

there is vi ded | an vi ew t he package.faor a non- invasive magnetic
appar at ué&{"'g] accor ddnTETRPH tﬁﬁ'jéph(grthéﬁﬂﬁﬁ’f aflan pievweldhe packaged&ir i on.

The packagg-ihfasilicl heg Rt afp?%dshﬁ 2RBSdSRRth inv%lﬁg @mbﬂhfn@ﬂtt of ﬂleﬁggg%ﬁ{ Ses a

printed circuit board and two magnetic sensors ere the two nmagrietic
sensors anentigi.t hbepackiaky corpprtesd phurabityt dfelqetriomiagukt abtuators erblomided wiithin

appropri gt e..connectivit 0047 eferring to FIG 8, there is provided a
P Reoyl oo Shintet 3t b Rkohs ERPle o, ot st Sersafiozopill
accor dangiaced tithim thearlidtl EME gafeotid ﬁarﬂﬁﬁ%&!ﬁfshjbﬁ,\/eﬁﬁlté Biintedircih B IfHr FI G
8, the printed cjrcuit board is _sandw ched by two magneti c sensors where

the 10 dFFeEingdhe mgenstitesenspsss dhe orekage dutther somipoigerrtortilling ingans (The

o L neSonshol iy B8 ARG TRONS: oS B OSSO TSI 1

an omi - vatimet signskeasjuixiticieviThe . plifatitypof BleefobgididctualR@kedablés a user to

el ectr Onicgrilatlrgl%ngl%'éﬁllste t evr\ﬂlz}g?let&chgelﬁgrgr?étih%f %}?enr%gérfet ?n?iiéigl?e}llyi cEr c%ililgctgf%?yusior e the
as to produce an optimized signal.
[0049] The gaseous damping cushion 23 of the present invention can also amplify
and propagate the MMSB. FIGS 10(a)-(c) illustrate the definitions of the propagation and
amplification in the present invention. “a” refers to the characteristic dimension of the
magnetic source. The amplification refers to the increase of the magnitude of a variable
quantity (e.g., the MMSB signal) caused by the gaseous damping cushion disposed
longitudinally along the blood vessel. The propagation refers to the increase of the
magnitude of a variable quantity (e.g., the MMSB signal) caused by the gaseous damping
cushion disposed cross from the blood vessel. FIG 10(a) shows the reference MMSB
signal acquisition using gaseous damping cushion wherein the gaseous damping cushion
has a similar size of the magnet. FIG 10(b) shows the propagation effect of the gaseous
damping cushion for MMSB acquisition. FIG 10(c) shows the amplification effect of the
gaseous damping cushion for MMSB acquisition.

[0050] The gaseous damping cushion may be formed from materials with

appropriate elasticity (E) such as PTFE. In addition, the cushion will also require a certain




magnetic field signals fromthe magnetic sensors and output the acquired
signals to a signal processing conponent that is electronically coupled
with the printed circuit board. Wiile this magnetic field sensing device
has been described in the context of aqquiring MMSB signals, it can be
used in any suitable application for detecting magnetic field. [0048]

non- 1 nvagr BB RS () AR Sy RieRl BRI cB Bk eonrir Seob triemel of
t he presamnise fidhy Bidrt@hg Wiletheadkmme conprises a plurality of el ectronagnet

actuators enbedded within the circular chanber of the gaseous danping
cushi on, [#94] magnetRefesingstyr §1Gr thoereais providedcanl illistrationt dfethei gateousf t he

gaseous I I OF ri.nt circuit board.for. ,.activating the
nmagnet i nggﬁg%?g e&ggcigggﬁf%rsl%&gg(%a%P i6 durge and, vpriahles 0 gvErR the, o
shown) f ampddtcation nindgpropdgaidd Yesulteg The dqsificationefacttr tdan’ B @hicamitdd t he
bl ood vessel for optiml_ signal acquisition. The plurality of

el ect r om&GFREHING P 6P (Bhabl es a user to control and adjust the magnetic
field strength of the magnet iydividually or collectively so as to produce
an optim zed &gréY..a, FQBAY) =TFhe gaseougI danpi ng cushion 23 of the present
invention can also anplify ardl propag )e the MVSB. FIGS 10(a)-(c)

i Il ustratigpsphe def iyekd; ; ol i fieatd I e
pr esent foeehc on, et iR o P the ApRAGRRATCEE a1lthe AERCCHGR dilthach be
magnet i ¢ tko oragaeticThauraep i the dengitwlinad flengthyt B théeldsticite a$ ehotudhien; Mg t ude

of a variabl e ntity. (e. he B signal ), .caused by the gaseous

danpi ng AUSHIS n&g' Sp‘%‘é%‘ag’ Flgq'léll %l‘t‘de%ﬁ@lFf?atﬁB r‘f{:}g}flﬂ%; T)‘}dggdx?/ég’%%‘%t ?ﬁghe

pr opagat icashisref ers to the increase of the magnitude of a variable quantity
(e.g., the MVBB signal) caused by the gaseous danping cushion disposed
cross frd¥58he bl oddreweepsgptionfacion cqmabe eaankated nsordiigtomquatidm@B  si gnal
acqui sition using gaseous da ién‘g cushi on wherein the gaseous danpi ng
cushion has ®:sif(XlaaE, Bj¥e=ai—he magnet). FI G 10(b) shows the propagation
effect of the gaseous danpi ng2€ushi on for MVBB acquisition. FIG 10(c)
shows th l'ificatiqp:.eff QUS danping cushion for B
acqui sit ?ooogﬁp [ 005 Of‘kqsﬁgmg%slsgg% $ 9(5}351%%.'?061 gﬁg%g’hal % rt]hen%%;ar%:%nrsﬁ? ﬁ%‘&“‘?‘r"é} r?nf L}ﬁ\és

mat er i al snagnetic scapqe; Gpthedititudinaklengthi ¥ thddlagicth ofishd dison] P tldptietsugdof t he

cushion will also r ire a certain 11
\{Y'Ixe cushion; ande\g the volume of the cushion; and m the constant for the cushion.

[0055] Table 1 below shows the MMSB signal strength acquired under different

mounting configurations. Table 2 below shows the MMSB signal strength with relation to

sensor alignment.



anount of pressure (P) and sufficient volume (V) to ensure a good isol ation
of external noise frominterfering wwth the MVSB. [0051] Referring to FIG
11, there is provided an illustration of the gaseous danping cushion wth
a freely positioned magnetic source angovariables to govern the
anplification and propagation results. %he anplification factor can be

cal cul at ccordi Af Y, a, E P /cka 0052] .wherein
ist hgg%ﬁ?gl i fi cafq%g)%? iﬁ? 2\41\&;3 ggnf‘hétr%‘}gg}? &E‘l‘gﬁds‘fl?‘{f?r d‘f‘%ﬁé‘i g]ﬁu%tpng t he
magﬂetl o @gﬂ%ﬁgﬁoﬁg t he | on]gl '{ﬁdl nal hI engt h EVtPﬁ el asti ci t%/ ;)1;] the
cushi on; pressure o e cushi on; e volunme o e cushi on;
and k thed§ $ t Maasufesment h cys at{og053 Theigmbpagat i o e]in%rtor can be
E:glogl‘ﬂ ate aC(,oer](cnsnn;pt(ﬁ equat i onﬁ(()g@f : =f \(alﬁ;e(m\(}E E = m2a (2)
erein is the propagagion actor a is thejcharacteristic
di mensi on of {he nmagnetic s ; X the l'afi t udi nal ength; E the
el asticity of | Baelpgsignan: p pressure of the cushion; and V the|vol une
of the clishi on; (&HBoytairt h &qngtjant for the GHs ion. |0055] Table 1 bel ow
shows th¢ MVSB si bwidlle st riengt|h |alcqui red under differept nounting
configuratilons. Tafllien)2 bel o ws the MVBB signal strength with refation
to sens¢or aljgnnent. 12 || bgiee 1. The MVBB signal strength acquired
under different mounting | confi nﬁ‘rgEﬁll ons S/IN Measurenent Configuration
Si gnal Remark| setup Val ue (W{ lFaseI ine signal (without air bubble|Cd | nV
1 cushi on) baseline

10X result
2 . Effects Of 10mV improvement with

simple cushion | C, . .
simple cushion

good
signal
X €
Effects of % 2Y 40X result "
3 amplification C 40mV lmprc'wem.ent wit
cushion d amplification
b cushion
est
# signal
2X <€ >i
e Y{|©
Effects of §I l Propagation effect
4 propagation .) a) OmV demonstrated.
cusl%ion b) SmV Results obtained
weak good similar to S/N 2
signal H signal +
a) b)
Legend
© Magnetic source
T MMSB sensor Amplification cushion Blood Vessel
l:] Simple cushion
C Critical distance Propagation cushion Gaseous
d —
cushion

*Magnetic source is adhered to measurement site via an adhesive tape.
*Bubble is adhered to the measurement site via an adhesive tape with the magnet
placement w.r.t to the bubble as shown.

Magnet




signal ~I ITFX 1Y IOXresult 2 Effects sinple cushion Cd 10nV i nprovenent

with sinple cushion

best signal
denpnstrat ed.

good si gnal
anplification 40nV inprovenent with Cd anplification
2X 1 E--j| Effects of Propa}gation ef f ect
cushion b) 8nV Results o

X-* + FEffects of 2Y 40X result 3
cushi on cushi on

4 propagation a) OwW
tained weak good simlar to S/IN 2

signal si L a) b) egend tic source MVBB sensor. Anplification
cushi on Ii&%g Vessehab Q\gs MR, signalsteneiey £ f E?aﬁenwg{l%.‘ﬁﬁ@tl | Propagation
cushion Gaseous danping *NMagnetiC Sourcel I Sg@gfjer gd To neasur ement $ite
via an a@hesi M&Pe¥pe. ¢ushi 6anfiguration Value (mV) Remark
Bi-directional T ek Perfect alignment at
. . signal |@)20mV location a), significant
confieuration Ca N b) 12mV misalignment at b) and
g & ¢) no signal | extreme misalignment
a)best D) good at c).
signal signal
Omnl;g:};e()itlonal S - -)-g—st Good reading obtained
. . . sional | @ 20mV in any alignment.
configuration (2| P 1) 18mV | Reading showing
sensors in \
b4 ¢) I9mV normal random
orthogonal
a)best D) best fluctuation of +19mV.
- arrangement) signal  signal
Legend
Magnetic source
+ Bi-directional MMSB sensor
ki Omni-directional MMSB sensor
Cq Critical distance

[0058] Referring to FIG 12, there is provided a graphic diagram showing a typical
relationship between gaseous damping cushion form factors and MMSB signal values.
The abscissa represents the total volume of the gaseous damping cushion in mm’. The
ordinate represents the MMSB signal value output in mV. The results depicted in the
graph show the range of values of the volume of the gaseous damping cushion that will
result in producing the optimum MMSB signal value acquired. Supplementing the
abscissa below are two additional abscissas, length of cushion in mm (not presented to
scale) and width of cushion in mm (not presented to scale). They represent typical
characteristic dimensions of the length and width of a gaseous damping cushion that
produce the corresponding volume.

[0059] The packages of the present invention can be assembled by any suitable

ways.



*Bubbl e is adhered to the neasurenent site via an adhesive tape with the
magnet placenent w.r.t to the bubble as shown. Magnet 13 [0057] Table 2.
The MMBB signal strength w.r.t to sensor alignnment Purpose Configuration
Signal Remark Value (nV) Perfect aligggent at Bi-directional c) weak

signal a) 20nV | ocation a), si gnificant sensor configuration Cd b) |2nVv

m sal i gn at b 5c np si xtreme m salign a) bhest b
good a? rﬁd&)b gnal) @F‘S‘h Pt HVFd t%i‘ﬁ?ﬂ? cen described Wlth?feg‘&?e F%)a‘i‘ﬁlﬁ ar )

obt ai ned enfRAEAENLS,) it RARL b Qﬂ&ér%ﬁ@tthzﬁrlhé %nﬁioﬁﬂﬁént@hrezﬁm{trhpv@&yd ﬁ{a't gﬁg‘rent '
sensors in Cd b) 18nV Readi ng showi ng orthogonal C) nor mal random

a) best BYVEsHER s¢angcs wat foHmited 19°dt¢rnat91|ereaﬁ@dmtt$ oﬁﬂgrmesest pvehtidnegdhd

Magnet i f | -d | B
ca i1 Pt Spnbi B Rhec G SRR AGER © el e TiPosol toanen
gr aphi c (iieﬁ@lhaﬁSﬁﬂDt{\llté’iﬁata chbRddnts Srel RhEBASHIP b ShVRBMEASPRME tHAEPHINT

cushion formfactors and MVBB si gnal val ues.
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.



The absci ssa represents the total volune of the gaseous danping cushion in
mB. The ordinate represents the MMSB signal value output in nmV. The
results depicted in the graph show the range of values of the vol une of
the gaseous danping cushion that will 4gesult in producing the optinum MVSB
signal val ue acquired. Supplenmenting the abscissa below are two additional
absci ssas, length of cushion in mnm (ppt sented to scale) and w dth of
cushion in mm (not presented to scalgﬁélgﬁgy represent typica
characteristic dinmensions of the length and width of a gaseous danpi ng
cushion that @ produce the correspondi ng volunme. [0059] The packages of the
pr esent i Whatds clainedds be assenbl ed by any suitable ways. 14 [0060] While
the present invention has been described with reference to particul ar

enbodi ments, it will be understood that the enbodinments are illustrative
and that It he A paskagd fon as apReatus for@onSavdsiviist @enitoNne@T BRidd\Rvesbadi nent s of
the present invention wll becone apparent to those having ordinary skill

in the arPPJh ARPENEhe present invention pertains. Such alternate
embodi ments arg£,,6on%i.d6 d, M 4 1 I nd._.scope
of the present {nn entci o{rllﬁggé:r 5r(§f0§g§@?§%ﬁ’sc&;ﬁdté@%t?oqtaﬂgm%?é%%%qn?lﬁgeet%ti on
is desciiebkd by the appended clainms and is supported by the foregoing

description. 15. q_AI MS..What is clained is: 1. A package for an apparatus
for non-i nvas®HEXH FrgHIsttism AW With Gonagnelq sarondisposed within themsenaicng: a
magnet i ¢ fRRMOE BebQingth® tHéahREoss éﬂﬁé‘lﬂa%gﬁic £ cﬂiﬁé@ﬁ;t 1HR2Mbad AW d@nst ant
magnetic field; a signal acquisition ule wwth a magneti c sensor

di sposed wi t hiargas¢nais fampétg eishioneivtiefenr thiehagetio gourbe may dhel disposed withirt he
nagneticofhgkqhga%ged(Péﬂ}he bl ood fl ow, and a gaseous danpi ng cushi on
wherei n Ché"aghetT Co<ETPYE HY'°Be di sposed within or onto the gaseous

danpi ng cushi @i¥reby the gaseous damping cushion enables the modulations of the magnetic field
of the magnetic source caused by the blood flow to be amplified and/or propagated, and

isolated from external noises.

2. The package of claim 1, further comprising:

a signal conditioning module for converting the output of the signal acquisition
module with appropriate amplifications; and

a digital signal processing module for processing the output signal from the signal
conditioning module;

thereby pulse rate and blood flow anomaly can be monitored

3. The package of claim 1, further comprising a display/user interface/alarm module

for providing visual or acoustic notification to a user.

4. The package of claim 1, wherein the magnetic source is a permanent magnet.
5. The package of claim 1, wherein the magnetic source is an electromagnet.
6. The package of claim 1, wherein the magnetic source comprises a plurality of

electromagnets.




t her eby the gaseous danpi ng cushion enabl es the nodul ati ons of the nagnetic
field of the nagnetic source caused by the blood flow to be anplified
and/ or propagated, and isolated fromexternal noises. 2. The package of
claim1, further conprising: a signal ndi ti oni ng nodul e for converting
the output of the signal acquisition nodule with appropriate
anplifications; and a digital signal processing nodule for processing the
out put signal fromthe signal conditioning nodule; thereby pulse rate and
bl ood fl ow andmRipaciear opPelaiEl WaEReth Be sttaigRBEMR AR CHAN Rrolucdd by MRET
conpr|5|2%6a.d|splay user interface/al armmnodul e or providing visual or
acoust i ¢ Phaalityof glachamagness igsentrolled eigetropigellage of claim 1, wherein the
magneti c source is a pernanent magnet. 5. The package of claim1l, wherein
the magnetic source is an el ectromagnet. 6. The package of claim1l, wherein
the magnedic siurpeekaerairddas],avidreinahd aghdtic Rhestis apaRehdic sblsor Avithfhe
package of claim6, wherein the strength of the magnetic field produced by
the pl ulBPiopyatsrseryibaty ofdetesting thesmediHation pidhe magneticdiglé omthe gnagmptic
package Qf,elaim1, wherein the magnetic sensor is any magnetic sensor with
appropriate sensitivity of detecting the nodul ation of the magnetic field
fromthe magnetic source. 9: The package of claim 8, wherein the nmagnetic

sensor is. a giant netoresi stance (GVWR) based nagnetic sensor., 10. The
package ?f cldi @gl??%ﬁé’rf 'arllmtié”al??é‘aﬂélﬁ‘? RagRRiecenios 1na gipghBlagpjoresistance

nmagnet or gsivat) Bi8ed Miei¥REAREI C sensor. 11. The package of claim8, wherein
the magnetic 'sensor I's an anisotropic magnetoresistive (AMR) sensor. 12.
The package of claim1l, wherein the signal acquisition nodule conprises a

(F:JIV Ir QL?? 6@; th:htg ggﬁlg%egﬁ) d(tzl\éoyn r‘rg,g nv%e':r%ins Ghe Orrn%igne\:l\@cers?alngort Qse P rtlurq;[lglgng

magnetoresistive (TMR) magnetic sensor.

11.  The package of claim 8, wherein the magnetic sensor is an anisotropic

magnetoresistive (AMR) sensor.

12.  The package of claim 1, wherein the signal acquisition module comprises a printed
circuit board and two magnetic sensors; wherein the printed circuit board is sandwiched by
the two magnetic sensors; and wherein the two magnetic sensors are configured to have an

orthogonal formation.

13.  The package of claim 1, wherein the gaseous damping cushion has a doughnut
configuration with a circular chamber; wherein the circular chamber is disposed with
means for allowing the embedded magnetic source to move and holding the embedded

magnetic source in place.

14.  The package of claim 13, wherein the means within the circular chamber comprises

a plurality of semi-flexible flaps.

15.  The package of claim 1, wherein the gaseous damping cushion comprises air or

non-magnetic gas.



the two magnetic sensors; and wherein the two magnetic sensors are
configured to have an orthogonal formation. 13. The package of claim1,
wherei n the gaseous danpi ng cushi on has a doughnut configuration with a
circular chanber; wherein the circul ar4¢hanber is disposed with means for
al l owi ng the enbedded magnetic source to nove and hol ding the enbedded
magneti c source in place. 14. The package of claim 13, wherein the neans
within the circular chanber conprises a plurality of sem-flexible flaps.

15. The packagemapndicdidm gensﬂs{gqreegcg dotfprigageous danpi ng cushion conpri ses
air or non-magnetic gas. A magnetic field sensing device,

conpri si ng: t\mol‘imgn@f!q @nwﬁﬁwrssmﬂ@gammtmgi@d,nagnet| c field; a printed

circuit board, vvh e i rcuit board is,sand the two
magnet i sensdri b ‘flrcé‘ﬁtq’ &E%VY ﬂ?‘gghet rited STt bodrd Iiyuh §A IQF‘Sﬁ? R&i(?eo%’ and
wher ei n mlf@néﬁ@senmmhfé GRAgored té heveedrPitHoi6@dl lfyme@ion] £ wikeréihehdwont ed
circuit board; thereby the S|ﬁnal s fromthe two magnetic sensors are

out put t eddagaetic samsossrarg eleqiricply gpeplpd i the natedaci ardsrtherby el signgls he
signal s f ogrgl}ntel?%ﬂgﬁdégﬁg eﬁ;l's,(g dﬂ e‘&i&tgt nt&i"g afltlg&) 8:an be

processe gne ensi ng i'ce” of wherein the
magnet i ¢ sensarmeans dor cmlaynamgnbé mgneﬂeﬁ%ﬂi’thwphhtedmﬁb@llﬁbb:&ﬂeoslm%hd dighally of
detectin Ee nodul ati on of the magnetic field fromthe magnetic source.
18. The %ﬁ’@) ePIOCCHFEl d sensing device of claim 16, wherein the magnetic
sensor is a giant magnetoresistance (GVR) nmagnetic sensor. 19. The
magnetic field sensing device of claim 16, wherein the magnetic sensor is a
t unnel i nd 7magridieonagicti¢ ifell {CTIMRE deaedfdajmeld, ovieesia dhe m@@netithensagpet i

field f l 16, . wh h t
ani sot 1 ofhE TREIREE GEBST H DepRR S SREuvig O RiGHigkdhF anadiptap OF the
posi t i oninfigneRyfi€18 froaPiARMmhfinBEc source.

18.  The magnetic field sensing device of claim 16, wherein the magnetic sensor is a

giant magnetoresistance (GMR) magnetic sensor.

19.  The magnetic field sensing device of claim 16, wherein the magnetic sensor is a

tunneling magnetoresistive (TMR) based magnetic sensor.

20.  The magnetic field sensing device of claim 16, wherein the magnetic sensor is an

anisotropic magnetoresistive (AMR) sensor.

21. A magnetic source positioning device, comprising:

at least one magnetic source; and

a gaseous damping cushion that has a doughnut configuration with a circular
chamber; wherein when the at least one magnetic source is embedded within the circular
chamber, the circular chamber is disposed with means for allowing the embedded magnetic

source to move and position the embedded magnetic source within the circular chamber.

22.  The magnetic source positioning device of claim 21, wherein the magnetic source is

a permanent magnet.



at | east one magnetic source; and a gaseous danpi ng cushion that has a
doughnut configuration with a circular chanber; wherein when the at |east
one magnetic source is enbedded within the circular chanber, the circular
chanber is disposed with neans for allignng t he enbedded magnetic source
to nmove and position the enbedded nagnetic source within the circular
chanber. 22. The magnetic source positioning device of claim?2l, wherein
the magnetic source is a permanent nagnet. 18 23. The magnetic source
posi tionhbRg d %5 %gﬁ% tidoRkdd é)%g'l’tlo rRiite bR Ela[fREY %ﬁegelﬁ% 191‘3 AeBic sBlkce i

el ect r omagnet e magnetic so rce positioni’ng device of cIa|n1%f,
wher ei n theleceamsgnet.t hi n the circul ar chanber conprises a plurality of
sem -flexible flaps. 25. The magnetic source positioning device of claim
21, wherein the gaseous danping cushion conprises air or non-nagnetic gas.

24.  The magnetic source positioning device of claim 21, wherein the means within the

circular chamber comprises a plurality of semi-flexible flaps.

25.  The magnetic source positioning device of claim 21, wherein the gaseous damping

“cushion comprises air or non-magnetic gas.




