1 PACKAGES OF APPARATUS FOR NON- I 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 apparatus for non-invasive detection of
pul se rate and bl ood fl ow anonali es. Baclggr ound of the Invention [0002]
Wth the advancenent of bi oel ectroni cs,%gortabl e health nonitori ng}r devi ces
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portable health nonitoring devices are i ncreasing used at places such as
home, anbul ance and hospital, and at situations including mlitary
training and sports. [0003] Pulse_rate and blood flow characteristics are

i nportant paraneters subject to EH PHRSJBVERIAM ori ng because they are
inmportant in assessing the health condition of an individual. Healthcare
institutes such as the hospitals and elderly care centers can use this
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moni t ori ng phigé rRQEAERDS BbivehofBIi& 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 |imted physical activity be uti.ljzed ta trigger alert for
i mredi ate attention when bl ood %%%Woglﬁgn%lt*%gqvegﬁgﬂ as deep vein

thronbosis, are detected. Simlar nonitoring and alert system nay al so be
depl oyed during disaster where life condition of the affected personnel
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wor ki ng i n dangerous environhents such as deep sea con di ver
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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).



el ectrical, nechanical and optical neans for sensing. The apparatuses can
cone in the formof chest stripes, socks attachnents, wist-watches, and
finger attachnments. However, each of the apparatuses for blood pul se
measurenent has its weaknesses. Chest stgpes and sock attachnents usually
measure the body electrical signals to determine the pulse rate; it 1is
sinple but requires the use of conplex algorithns and/or reference signals
to reduce [R¥%e due Cwremeprmatasesifpaoisinviias measmeemnents opelbedpulat mitdyse
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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.
200601301-5, titled “Apparatus and method for non-invasively sensing pulse rate and

blood 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-



has many advant ages over other non-invasive nethods. For exanple, the other
non 3 invasive nethods acquire their signals by deform ng the bl ood
vessels. The deformation of blood vessels could be achieved by for exanple
the use of a gaseous device as disclosed in U S. Pat. App. No.

2004/ 0010199 Al. In contrast, the magnetl% met hod does not need any

def ormati on of bl ood vessels for signal acquisition. Sunmary of the
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with a magnetic sensor disposed within the mgnetic d for detecting

t he nodul atqghigagen phelopg yessels forfsigiablacsmistenh. by t he bI ood flow, and a
gaseous danpi ng cushi on, wherein the magnetic source nmay be di sposed
within or onto the gaseous danpi ng cushion; thereby the gaseous danpi ng
cushi on enabl es the nodul ati onsSwhimhReonB@Iavémidn el d of the nagnetic
source caused by the blood flowto be anplified and/or propagated, and

i sol ated from external noises. [0009] In another enbodi ment of the package,
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nodul e for providi n% vi sual or acoustic notification to a user I n ot her

enbodi nent §aghetiqge af@kéﬂg@,ctltlgléhmgd@ltah@nsscﬁnhcenagleac getdremsed byebnbtoodr an

el ectromag i f el ect ro net further odi nent_,
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of the pac ag@ tlhe magneti c sensor i s _any magnetic sensor with
appropri at erluflgtiaps o thy magnedictiieidof the rmﬁmngﬁwae equsedhby theghleed gowitel d

from the pRgABLfAi& a?ﬁ%rgﬁopaggtea%lltt(ithlatgg?rgg Q&\%}ﬁ%meg he package, the

magnetic sensor is a g oresr's megneti ¢ sensor, a
tunnel i ng P8Qflet or eslmsanatber( élth)dlimaﬁtedf 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.



magneti c sensor, or an ani sotropic nagnetoresistive (AVR) sensor. 4 [0012]
I n anot her enbodi nent of the package, the signal acquisition nodul e
conprises a printed circuit board and two nmagnetic sensors; wherein the
printed circuit board is sandwi ched by the two magnetic sensors; and
wherein the two nmagnetic sensors are corffigured to have an orthogonal
formation. [0013] In another enbodi nent of the package, the gaseous danping
cushi on hasl0@i2] doughrut ammoindri gubsatiment wf the padiapeuthar sighdrdeguisitidnemetolet he

circular chanber is disposed. wt ans for allow ng the enbedded magnetic
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package, t Hée eppdissied tehayd aorthegbiad formemipni ses air or non-magnetic gas.
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wherein the _|tori nted circuit board is sandw ched by the two magnetic
sensors t hatithmeeagy der gliewdng sha sbeddedomagagion aburce donaovorandaeldiggethei n

the two ma I ectricallyc.cqoupled to the.printed .circuit
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printed ci rgg{t oard, so that the signals can be processed. [0015] In
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embodi ment sensiigedavigsnethe megngor field sewsing daviceragmptisssesioshaneec (sGMa)s for
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wi t h neanspiited air¢uitnbougd;tdnd aanded decthanneling 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.



magneti c source to nove and positioning the enbedded nagnetic source within
the circular chanber. [0017] In another enbodi nent of the nagnetic source
positioning device, the nmagnetic source is a pernanent magnet or an

el ectromagnet. 5 [0018] In another enbodi ment of the nmagnetic source
positioning device, the neans within thé circular chamber conprises a
plurality of sem-flexible flaps. In yet another enbodi nent of the
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t he Figur ey in which |ike reference num=fr al s denote |ike Iﬁgrrents [.0022]
FIG1 is a‘fHRCEITNEPD B alReas i it L alsenamsovrsribs arbabiliyy phdsiestion via

appar at us Eﬁf)hﬁ%%h@ﬁdde)'p§§atfoﬂto?t}ﬁzr§3uh:le%&@af low in an object. [0023] FIG 2
shows a top view of hand with the known non-i nvasive nmagnetic apparat us.
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accompanying drawings.
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.



magneti c apparatus in accordance wi th one enbodi nent of the present

i nvention. [0026] FIG5 shows four exenplary configurations of the nmagnetic
source and the gaseous danping cushion. [0027] FIG 6 shows a plan view of
t he package for a non-invasive nmagnetic apparatus in accordance with

anot her enbodi nent of the present inventi®n. 6 [0028] FIG 7 shows a plan
vi ew of the package for a non-invasive magnetic apparatus in accordance
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accordance wi th anot her enbodi nent of the present invention. [0031] FIGS
10(a) - (c) iSFPestinacerrdanse yath orictemhedingint phtheprespaigatdanianand anpl i fi cation
in the pre I nventg-an ] . ELG.11 ws ap illustration of the ..
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vari abl es tappgeweimadchelanseplith heahdr@mbadingh 0P&ekdsemt invedsivht s. [0033] FIG
12 is a gr &ﬂhi c di agrpzé‘%sh wi ng the rel ationshi p between gaseous _danpi ng
cushi on forlt¥fhct or s 1 )3ilgieate thgdgaritioneeldhe prpeationiapd penliBsatiope

I nvention [983%kesth@nPdpENt i nvention may be understood nore readily by
reference to the follow ng detailed description of certain enbodi nents of

t he i nvent il@®32] [ 0035FIGHAchgeat ilfusitratiap pf theatasans duhping quskibh edth ofiselar e
referenced, t.he isclgsures of fhes ublications are_hereby incorporated
by ref erent?gflg?lﬁe ng?é%ifn?quf%et ?‘éjts,vamﬁ)ﬁ‘%)somt gy s ?Ieﬁlﬂﬁ%ﬂﬁloprg@rﬁ)‘@?a 3HoRpr e
fully descrdshrs.the state of art to which this invention pertains. [0036]
In the foll owi ng detail ed descri gti on, specific details are set forth in
order to 8% de a FHorlduign gragpbicsdiaguinn gh@wing e ireleonshim betrmae\aasgous t

wll be un : ski | Lh.the rel evant art that the present
i nvention %ﬁlggggsr}}g%} foglgggcﬁmoﬁsﬁggmgsségnagﬁﬂgﬁi c details. In other
i nstances, well-known net hods, procedures, conponents, and

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



materi al s have not been described in detail so as not to obscure the
present invention. [0037] As nentioned above, the inventors of the present
i nvention have previously discovered that when a | ocali zed,

uni -di rectional, and constant magnetic fbeld is applied to a blood vessel,
the flow of pulsatile blood can nodul ate ‘the applied nmagnetic field and
that the nDd | ati %éﬁe ma netlc field can be sensed directly if a
magnetic sél8 aﬂpg?\& gB dd01-p a&d%lpﬁeéjba ROIpFY AT Yomaghetinianparpies pidmethped

field An e8f hbRmvhilad s&ls {EraPPL a0 dd FRRR h'a%%hb’e%? %dl@%gﬁga]n?’%is has
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(AVR) sendo03s] 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



and any magnetic based sensors. One exenplary magnetic sensor is a
Spintronics based nagnetic sensor (e.g., AAHO02-02 nmanufactured by NVE
Corporation). It is to be noted that other nagnetic-based sensors with
different sensitivities may al so be used to detect the nodul ated magnetic
signature of blood flow (MVBB), but the el at ed paraneters (e.g., the
strength of the magnetic source, the distance between the nmagnetic source
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devi ce needsidemepdowipdevidoadfort th@hd Weardgar ers. [0041] Now referring to FIG
4, there i ol ovi deo&ga cr &is-secti onal view of the package for a
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t to obscure .
i nvent i on.m%ﬂ?tlﬁﬁ(?\‘/ﬁeng]grf’s MEENeHG REer %ar(nﬁbﬁhﬂ% here), and a gaseous damping

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.



a wist/linb wearing device would be suitable for the package 20 of the
present invention. The cross section of the linb is shown here is to show
t hat the gaseous cushion 23 provides good physical feature conformty. It
is to be noted that the description of packages in this application does
not include all conponents that may be i fcl uded in the packages; i nstead,
only the magnetic source and sensor are used to illustrate the principles
of the predeB] i nverftheqesitithef ithrchmegietin sofircotirebe monpedeatisbly it celdthe to
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magnetic s ce in its positiaon.. The package 20 ma
9 Ah& comprises a%rmted circuit oar(P &ot sl?own in FICY 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



further conprises a printed circuit board (not shown in FIG 6), where the
printed circuit board is designed to be nounted with at | east one nagnetic
sensor which is able to detect nagnetic field in any direction. [0045] The
novenent ability of the nagnetic source afforded by the gaseous danping
cushi on enabl es the user to avoid the safliration of the magnetic sensor.
This is inportant as individuals have different physical features on the
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the present invention., The package conprises a plurality of electromgnet
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[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



shown) for determ ning and activating the best magnet with relation to the
bl ood vessel for optinmal signal acquisition. The plurality of

el ectromagnet actuators enables a user to control and adjust the magnetic
field strength of the nagnet individuallé or collectively so as to produce
an optim zed signal. [0049] The gaseous énping cushion 23 of the present

i nvention can also anplify and propagate the MVBB. FIGS 10(a)-(c)
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acqui si ti oncusding tgepmtos (Hanpi ng cushi on wherein the gaseous danpi ng
cushion has a simlar size of the magnet. FIG 10(b) shows the propagation
effect of the gﬁ@epgga,gaﬁp%qgkéhshion for MMSB acquisition. FIG 10(c)
shows the anplification efféect af the daseous danping cushion for MVBB

acquisitio 0050] The gaseous danping.cushion may be formed from,
materials \%"’t”% appr 8%‘?{62'% 27 ‘il&tamr%?&ﬁﬁgte@) Eagigena afs%pﬁgﬁactrﬂﬁstgd@mnalﬁ? f he
cushion wi ke AbgReticeitird® V (kEIdrRitdihdl 1ABPLNE (R clRERISUSLHE RusRBE; P the

sufficient volume (V) to ensure a good isolation of external noise from

i nterferingreapirh of Hee pvsRon; 0U5Y]thRebbimd nf theocysh®n] bnd tkheheecdnstapt &vritled an
illustratignyof the gaseous danping cushion with a freely positioned
magneti c source and variables to govern the anplification and propagation

results. Tresgnplifi Thé pepadadioh Gict&aan Be celehigiliat&idingesequdting (20 equati on
(1): Af =f (Y, a, E, P, V) ka (1) [0052] wherein Af is the anplification

factor; a is the Ccharactes sti ¢ i mensio f the magnetic source; Y the
| ongi t udi nal Ieﬁgﬁﬁ;’E fhé\érééabcity ofqgﬁe cushion; P the pressure of
the cushio and V the vqlune of the cushion; and k the constant for_ the

cushi on. 8654] wherein Pris the propagation factor; a is the characteristic dimension of the
magnetic source; X the latitudinal length; E the elasticity of the cushion; P the pressure of
the cushion; and V 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.



[ 0053] The propagation factor can be cal cul ated according to equation (2):
Pf=f(X, a, E, P,V) anRa (2) [0054] wherein Pf is the propagation factor; a
is the characteristic dinension of the magnetic source; X the |atitudinal
|l ength; E the elasticity of the cushion; the pressure of the cushion;
and V the volune of the cushion; and mthé constant for the cushion. [ 0055]
Tabl e 1 bel ow shows the MVSB signal strength acquired under different

mount i ng cdhi¥hur at i ofidle Tabhe MMSH senalhdwesgtthecqvivel usilgndiffestnt emgmbingi t h
rel ation tqongglft§9(gnsal ignment. 12 (0056] Table 1. The MVBB signal strength

acquired u different nounting configurations set up Confi guration Val ue
(mV) Remark @B ddtasneenasiur errent Sir gg(al si gnal Asighal 1 tlhout air bubble Cd
1nV ushi on) sel i awpsi gnal  SOnfiEwatiqn | o | %Mgt(mvz; Ef f ecRYNBK sinpl e
cushion Cd | mpr ovenent WI th, sinple cusrﬂ] on—good [signal—x * F
Ef fects of 2Y 40X result 3 arrplll cation HH 40w inprovenent with Cd
anplification Baseline signal '
(without air
bubble Co 1mVy
1 cushion)
baseline
signal
[
15y
Effects of 10X result
2 simple cushion 10mV improvement with
simple cushion
good
signal
<
Effects of 2y 40X result
3 amplification | , 40mV improvement with
cushion d amplification
best cushion
[
+ signal
2X Ml
vélo]] ] |
Effects of - Propagation effect
4 propagation .) a) OmV demonstrated.
cushion b) 8mV Results obtained
weak d similar to S/N 2
signal + s%é)r(l)al H
a) b)
Legend
Magnetic source
2 MMSB sensor Amplification cushion Blood Vessel
D Simple cushion
Cy Critical distance Propagation cushion G
] o
*Magnetic source is adhered to measurement site via an adhesive tape. cushion
*Bubble is adhered to the measurement site via an adhesive tape with the magnet
placement w.r.t to the bubble as shown.
Magnet —




cushion cushion best signal 2X "OY ~ Effects of Propagation effect 4
propagation a) OnV denonstrated. cushion b) 8nV Results obtai ned weak good
simlar to SIN 2 signal signal a) b) Legend O Magnetic source MVBB sensor
Anplification cushion Bl ood Vessel F1 Sipple cushion Cd Critical distance
(-~ Propagation cushion Gaseous |~~I danping *Magnetic source is adhered
to nmeasurenent site via an adhesive tape. cushion *Bubble is adhered to
the nmeasur dAt¥l site had 15??anT}b?dﬂé@SB/@gﬂ%ipéewthWrtthesmglrl@tgnmeatenent Wort
to the bubtPle as shown.agnet /7 13— 0057 —Table—27 The MvEB-stgna

IIIC IVIVDD bl | gllcll
strength wjr.t Fwpsensor |al i giosigurRisnpose ation Sirpn@rk Remar k
Val ue (nV) Br=directtonral—e)—weak—Perfect |

) al a)
n db) 12pV m salignnent at b)

20nV | ocatijon a), significant ;, gonfiguratic
and I'x c) no signal extreme _n] al_l_g_r_l_rr_e_[l_te_ .
Bi-directional . c) weak P erfgct ahgnfner.lt. at
sensor o signal | @) 20mV location a), significant
configuration Co . b) 12mV misalignment at b) and
% ¢) no signal | extreme misalignment
4]2) best b) good at ¢).
signal signal

Omni-directional

sensor ™~ \'\:‘"““C‘)'}fgst Good regding obtained
configuration (2 C . signal a) 20mV nany allgnmgnt.
Sensors in d . b) 18mV Reading showing
orthogonal b4 ¢) 19mV normal random
b) best .
arrangement) N ;)gtr’]‘zjt si)gnZT fluctuation of £19mV.
Legend
Magnetic source
* Bi-directional MMSB sensor
bid 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.



Na) best b) good at c). signal signal Omi-directional C 4 Good reading
obt ai ned sensor c¢) best configuration (2 signal a) 20nmV in any alignnment.
sensors in Cd b) 18nV Readi ng showi ng orthogonal c¢) |19nmV normal random a)
best b) best fluctuation of 19nV. arran %rrent) signal signal Legend O
Magnetic source Bi-directional MVSB sen Omi -directi onal MVBB sensor
Cd Critical di stance\%OOSS] Referring to FIG 12, there is provided a

gr aphi ¢ di 3818 showi WMBilatheypseseat mvméloathasf@sd:n desbebadeeith gsreneestodartiuhg
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total volume of the gaseous danping cush Qfﬁé

repr esent s inveatiM/BBreiignat SO/IaJInued OlAlltlai:Hauk/él eﬂModﬁH&ﬁtsRﬂ&H& bfesél Rhwn@6hn Al t he
graph show,t he ran e of val ugé of the volunme of the gaseous danping cushion

that will OFeds ap aﬁefﬁ 10 JRRsE hgVing ordinennikiil Mves ast wthhdh@érea@qun‘fe@aon
Suppl ement |peﬂa1h§‘eSu&bﬁ%ﬁﬁ@eBﬁb&l%eﬁ&%r% @@ns?fﬂzg L4 o%a%nch?mg%s!sé(% %%thm t%ngéll?lt of
cushion in mn (not presented to scale

present ed fad seeee)f, th?hiegsenEmNelstem Aypirdaigly, chasapt eifithé pﬁeséhtﬁﬁ%‘ritt@ﬂ&s of

t he Iength a ous npi ng c h| on_t hat roduce the

cor r espondi %&%V\qgﬁ’r@ ﬁ’a‘@? $ ﬁ&@ﬁé‘(ﬁi’é’”& Y s Bf%g@ﬁtd%iscrﬂpé‘ﬁf"i on can be
assenbl ed by any sui tabl e ways. 14 [0060] Wile the present invention has

been described with reference to particular enbodinents, it will be
understood that the enbodinments are illustrative and that the



invention scope is not so limted. Alternative enbodi nents of the present
invention wll becone apparent to those having ordinary skill in the art
to which the present invention pertains. Such alternate enbodi nents are
consi dered to be enconpassed within the irit and scope of the present
i nvention. Accordingly, the scope of the gresent invention is described by
t he appended clains and is supported by the foregoing description. 15
CLAIMS What is clainmed is: 1. A pack AIMS an apparatus for
non-invasively nonitoring of blood flow of an object, conprising: a
magneti c source for producing a |ocalized, uni-directional, and constant
magneti c fW%Wd§C@H@ﬁgﬁal acqui sition nodule with a magneti c sensor

di sposed within the magnetic field for detecting the nodul ati ons of the
magnetic field caused by the blood flow, and a gaseous danpi ng cushi on,
wher ei n t hd. magnepackagofdr 6@ appayatefod hsRASAG v thidkoriRE oPRHOd HBE Fageous
danpi ng cusglon; t her.eby t he gaseous danpi ng cushion enabl es the

nodul at i on®°GFL CHBPHEREetic field of the magnetic source caused by the

bl ood flow to be, anplkiti / ropagated, and. isolated from externa
ot ses. 5 The. pasiBenc e P R bRk RLARAENEEY 1AM ol Ra S s adnehe
condi ti oni higldyodul e for converting the output of the signal acquisition
nodul e with apprggégli ate anplifications; and a digital signal processing

nmodul e for proc Acamsiign madulesvighamagnesin schsor disgased withim dlietrnasiiigy
nodul e; t hgerRbYr fibtRg i Sodngids %@ﬂlefr{lgé'ﬁgﬁg g?g;c%u&ﬁ%yl%f? HBQ& Tﬂg&vg?ndg . The

package of claim1, further conprising a user-intertace arm
nmodul e for pro%igaienys dampial coshiawoustréia thoaphdaatdoartetmayabeigdBposed withhe

package of 1. wher.ein. the nmagnetic source is a permanent nagnet. 5.
The packaggg%? g%é?%?deWHBW§FHﬂF magneti c source is an el ectromagnet. 6.

The package of k@bt gaskais@iamptidecuIRON ehattesSBL HBUGABRY dSES n Rl ild Y

of .
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.



el ectromagnets. 16 7. The package of claim6, wherein the strength of the
magnetic field produced by the plurality of electromagnets is controlled
el ectronically. 8. The package of claim1l, wherein the magnetic sensor is

any magnetic sensor with appropriate seiéitivity of detecting the
nodul ati on of the magnetic field fromthe nmagnetic source. 9. The package
of claim8, wherein the magnetic sensor is a giant magnetoresi stance (GWR)
based magnetic sensor. 10. The package of claim8, wherein the magnetic

sensor is &.tunnelipagkaghBINGIP6EFhSEinRe gti%@gh J}‘%ﬁé‘ﬁh t1§?i@ﬁp}§rodl}ml,d b;[ he

package of clajm8, wherein the magnetic 'S a ani sotropi c
nagnetoresd%@?@%‘(ﬁkmym§éﬁ§6ﬂsCmﬂnﬂwﬂekpamMagb'of claimi, mhereln t he
signal acquisition nodule conprises a printed circuit board and two
magneti c sensors; wherein the printed circuit board is sandw ched by the

two mmgnetifc seffhepackaandf vhanai whthen E%@ﬂﬂ@%&&oﬁ%%ﬁ”ﬁa@%ﬁc cORb @ik ed
to have an_orthogonal formation. 13. The package of claim’l, wherein the

gaseous d aﬁBPfﬁaﬂ%ta SHISBIY It 24 dﬁte%‘t&g‘lﬁlﬁ urodugesion jof theanagnetiofithl foors itrecmbgnetic
chanber; whgpein the circular chanber is disposed with neans for allow ng
t he enbedded magneti c source to nove and hol ding the enbedded magnetic
source in place. 14. The package of claim 13, wherein the neans within the

circul ar cganbe co%i seis a gl urality of sem-flexible flaps. 15. The
package of “cl ai &7 8 fainé, yhesbuibe magprtigseasens Greivy mpangiosesistancer

non- magnet {GM®3based magnetic sensor.

10. The package of claim 8, wherein the magnetic sensor is a tunneling

magnetoresistive (TMR) magnetic sensor.

I1.  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.



