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 nonjtoring blood flows, and nore
particularly to packages of an apparatus' for non-invasive detection of
pul se rate and bl ood flow anonalies. Background of the Invention [0002]
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[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).
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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 puise 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-



200601301-5, titled "Apparatus and nethod for non-invasively sensing pul se
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[000¢9] 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 ation of the
magnetic field from the magnetic source. In further enbodiments of the
package, the magnetic sensor is a giant nmagnetoresistance (GVR) nmagnetic
sensor, a tunneling magnetoresistive (TMR) based magnetic sensor, or an
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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
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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-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 magnéeétic apparatus in accordance with
one enbodi nent of the present invention. [0026] FIG 5 shows four exenplary
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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.,

[00386] 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 more 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. However,/ it will be understood by those
skilled in the relevant art that the present invention nmay be practiced
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[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

modul e 2 conprises a magnetic sensor th& is able to translate magnetic

variations to voltages proportional to the variations of the magnetic

si gnat ur etelathehnegheblood yesssbrEhegubteaabddesifioils, hh@e@rRIRAL Bfi¢ 9Bndthg! ude,
t

but are n | m to, spintronics based sensors (e.g. gian
nmagnet or egilE R P@/% aEee%EltSﬁch%a ﬁﬁﬁl’ﬂ'ﬁ%’ ) (hrataetdicasinse; the sty of
sensor), @wiseaiorOMediSRURBDVES khY and MR ¢ ﬁ%%l?cen?eﬂg g@@éagﬁ%ﬁgﬁpg ased

sensors. One exenplary n’(;gneu c sensor is a oSpintronics
sensor ( etgPect pnpiopRedoohresselotear t soyfaddver Borspior dreny giveh dppatisb@enot ed

o0 ¢ syfabd any givd genot
used to dorRe Trise REREHe SRS Sritgicinke Brenssowniarone CRABBYE but

the rel atthely par AcwEIUBfest {LsusequehPmaRipu®RBhbreE 1) BRANGH s @UECE 1o LR
he magneti c source and sensor, "and he relative
F

di stance bet yween é )
pl acenentnoé‘?fg&’él; PERR SlerBemegnetin sompgnets eressed eemapukteenames Welhmigepect t o
a blood ) oM to di.fied wth priate support from
exper i rrenszﬁgﬁé_@gsc& tgs. O‘L?%@Xoﬁ]on%g“g iowh” 1 H Bl %g @% cgn Sf‘ﬁeben?}ﬂlainﬁ%by ve
magnet i ¢ rappidimgtths freeddnd tdhdeappihivs! whEe thd'FedRW 68uMhELE. | égpg)nﬁ%eﬂﬁ

e

source 1 gndt%he magnetic sensor, 2 are positioned 8 relatively to
bl ood vedSE! h?H’éaE;{ﬂ%Bﬁé%%%Sﬁglﬁgfﬂaﬂ%r}n rtaeir rdetiMeatladmenmet drengitignabus e of

bl cod ( MV¥ERBYquif Be i . of 1t magneti c..s t he
sensitivity F hgd?es%%értggt ﬂ{ea%}ll?g?rgh{:‘ggg@rb v?e({eeﬁlr%ﬁ%m %Bce[ Wgﬁ\ﬁ@ BYive
pl acementotizndncens siithavtichanging the steagibaif thomagieai Qbubk aRdthvasselivileatnt he
surface % g%aht"?’c geki n. for ang gi,ven a,pﬁar.at us, the strength of the magnetic
source andhes SaRE ¢ Wlﬁkm e S megiat Yo maswlisrapanatus g @i lphghonitotimy  ar e
not subj devict acsldhs pRVRRIcORBRH RN QRoNCce they are manufactured. It is to
be noted that when el ectronmagnetic conponents are used as magheti c sources

their maéfiféflc st MNavyrefsrrogniobElG@de bk \is pomtidal b etossHevwual vidier MMSB can

still be . providing the freedomto the apparatus, where the

freedom \Rg%ggg%%b %n“{nlg%s%%@rag]?%wfqpé’éﬁps 18 @F¢rafancy av cmbodimentod theensor

in t er ms pofenthiaiventice. aThelgad}dag§@W@hoﬁﬂﬁive&weerﬂ'é@{étferhﬁﬁg’raﬁﬁ 34 8 ;1€ the
e

MVSB better. |In addition, it would be desirable to enhance by
ot her nmedlE"GH¢ FBHEe 2handihrgnetinesessarehiy (hotothomtrehera netli « gs@one dampihg he

sensi ti VidhidH 28N he 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 s 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 magnetic appatatus in accordance with one

enbodi nent of the present invention. The package for a non-invasive
magneti c #9al at us AeqonppionsEshamaprgitabiiwe 2an bé endihtedvaRBRLSh 1860 5PT 22

(not sho her e nd a gaseous danpi ng. hi on 23. The neans for hol di ng
the pac kgghee g%selkgs ﬁ%’?’p %o%glﬁBr eﬁg% gﬁ%""gﬁ’ﬂﬁé rotiherg argpxwides fone epempleipl es
of the pres AR itRN i .ol di a_ .
wrist/linb ﬁ%ur_ri rllg devi cgm\%ﬁg%c?& g}é&s&ﬁ?? %F%E?%%Mtﬁﬁgﬁ%g@%%é (%’Io‘%gfmaigﬁ%“"
present i AYEARE ioROUNTFRendhotp Ewetionf tfe gaseodsidampiite slshivn; (I8N Be infaghics how

that th i on, 2 i d, physi cal .f eat formty. It
6o be AREGIRENRR g SO R GRS erl S uRRE Frehian 46) Tap pracOEts vidtbes
not i ncl uitefratly fempgneitkia hdabsdy BepiRg E&%%;!a’ﬁdt(*agf rﬂgefgi%gﬁgﬁc sofied gad,

only the magnetic source and sensor are used to illus e principles

of the pr g’é’gﬂft‘?d N8R bPEem (pHerion ef tisigereons dunpieg cudngonent s i nto t he
ackages he pre i | ul d. be evident ta thgose skilled in art
\FI)\,i t hogt a@&%ndug e%g feﬁi}ﬁﬁgt& FB%E\Q?’%Q pﬁ%ﬂﬁ‘é{j%ﬁ@o‘ﬁ?@@%ﬁ}é‘w%a% ra
sui t abl e neehwatsivatmagnetappiiretuoin agioadhit RECANEE U FERGASK & thi ?kééfmTpe
oil o

const ant rragnetic ource may be pernanent magnet, coil of wre,

wire on afEPYUhagretEasearatdmmng cothionmp hes aviqughowt shapednenfigurdtien. It
magnet i ¢ SRMeF chasriRe s Sk S S s_danpi ng_cushi.on
conprises air orﬁlrllon-.mgngﬁ{cﬁgg’stﬁpgya%%%a%]u tg)ooéorng}%g a%flg#ieemﬁ‘ﬁ’éﬁeti c
source cathapbenbuestthiv sird mbgneticrsonrekat h oartdin potitien ROy sclaiRiRY st on.
As shown jn FIL.G 5 re are lﬂcid?\/i ded four ,exeﬁn;pl ary configurations of the

magnet i ¢ Ilélg‘lﬁer (l:teangm?tr?h'ﬁ[é‘_ PPN REIATR ORISR [ 0.(hF meses dergerstiodlingsder ce
1 o slosmansfhal)y U, SUEE TED HI y
(c) the ridgRE ef sairitexible flapy distributddoaithinghevkrdilar dhambgas Ehel seraiafmiiblg
o the. gAtBs o b ekl O B sk i Bl oG €borphas a0 o Heremps
provi ded tanphave theevwikidy tbhﬁ)i@@?é(ﬁﬁgnétfbr sdrce 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
mnvention. 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-invasi ve nmagnetic apparatus in accordance with another embodi ment of
the present invention. The gaseous danping cushion 23 has a doughnut
shaped configuration. It further conprlaes nmeans that allow the magnetic
source to be novable along the circul ar 'Ychanber but restrain the magnetic
source at a certain position after the user decides not to nove it
anymor e. HHCeHseHfob8i trentensers siiovin qlthogblﬁlﬁ“prmhaJmea“hs oﬁmbgmmltfbﬁhdtidmg t he

C SO e clr chamber
Conpr | Ses CHMARRE ARe sl TEAREH BpEReTRutvdhobsdfistinbta iectie o
circul ar &mmagmetlcTﬂeasc&e,rmaihhgm bh @mdilrapseat |s@fY§1ﬁé1§e\q@Qnﬁlb QU Gl be
novabl e th| ﬁge C|rc | ar chanber and at the sane tinme have the ability

to hold t %arﬁa’@ ‘f‘i@%‘@dﬁc@w\ed pathothei mpgpgticThamsprscicatat 20 camycqifiter theer

t he ted
cirou 1 Eag ARG SEhe ok, BOREERC en IO AR blp e 8lauid Sedahiat s Bealhoor
whi ch i s pigicessing stetpemt:nt thatgs etectrohicallydcduplanyithl iesditen cir&30dsald. Thile

i.C SO e afforded by the gaseous danping
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various bl ood pul se signal “acquisition site erring to FIG 7,

there is P4l ded aRpTTea‘mgvmtEWtQ)FI@ Rethpacisagevitiat a planonew iofi idspacRagepfgnat i ¢
of the present _invention.

t h _anot her odi nent
The- packasr SR PRRERC WmsrRint Siea BRBh Y et sMORIURRIY of (heBBILSC
t ed Ioh. browr bWRriRBINSluk it BRSPSk LackidBorks b@@%&e\“
grelnrs]o(ras g:lzémortho gﬁgﬁgﬁz Cn%%ﬁt ed glﬁllt oltztshe prtl 1%4‘5@31 c?rcu?t\é@joa Wlltlﬁ
appr opr i dhe C%Wﬁlé%l'ﬁmhew ﬂ{quusmmg pgshtam, Fv@nignetiveseasars ophoyonditgd a

dt t
accor dandiru ARG CRERLE LE R b AR RE iR AR sl anr fr 1

8, the practivathecthe antighetiosandolss Tansok ey édﬁ%r@gﬁ%ﬁahﬁ’olﬁﬁ $if¥aRs %@re
the 10 d:hrecih)é?! 1Gof the two sensors are in ortho%ona formati on.
£

or t hogonat™*¥8 ﬁnmét}gaqg}deasctlyﬁt@% rbéﬁtlma%]téﬂ‘gﬁh & ﬁfmil?‘fttgzglonég%?aﬁff ng it

[l . o 3k i, Y BEHARDS 9y bR TRORSL 5P RPRL Y i

el ectr on|C©alrblwildcndplsedze\magnenhéiehiagfeagthcofstﬁélﬁﬁgﬁet&iﬂdmm&lly br EARCAGGPEE 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. Wile {]i s magnetic field sensing device
has been described in the context of ac{q iring MVBB signals, it can be
used in any suitable application for detecting nmagnetic field. [0048]
Ref er ri ngaiewtt & Fpsug: (Mteedesufficiprtovilaied () pi emsuvé ewood itdieipackagenilor a
non-i nvasj y: (o rat us..i.p,accordance with anot her enbodi nent of
hdiSe ﬂﬁ%riﬁ{e!rt%nﬁ‘é’ %&%é%mgg

t he presen I'nvention.” age conprises a plurality of electromagnet
act uat or sjoesfjedded Rictdhiing tbhEIGEiINcwhae ishroviaed of Hh%t@ﬁéﬁ%fsth@!gg(ﬂ%&&
cushion, two magnetic sensors orthogonally placed within the m e of the
gaseous dSHIPRE HsiRNgrith arfteedy ppsitiorad wagratict soboeer ehdf variabdest fovatvieng thche

ti ol i . trolli t
Chown) {or Bep sy ACEARBeh eI, (P RABERGRIFERGRY 6o GERa t ne

bl ood vesmebrdimg to sgpbtiorall)si gnal acquisition. The plurality of

el ectromagnet actuators enables a user to control and adjust the magnetic
field strengt hAfoa‘f(Whg’ EBgRet. jcﬁdi vidually or collectively so as to produce
an optim zed signal. [(5043? The gaseoudlHdanpi ng cushion 23 of the present

i nventi onlggﬁﬂ al so aH%)I if ,aEd pr ,?agate the MVBB. FIGS 10(a)-(c).

i |lustrat e defi WrEFENE Bt ?ﬁ%lpg‘ ISPHYIRE6F atfdhe shevereriste fisrensiontafe
present imyeRidrRRe sodrce! & HeSlohd; c CefHeStih Gl .00, Riont e
magneti c sour cge. The anplifi Cgh@g%&lgaelf fe%?}g@lt’ c?'e P{ﬁe&lhﬁécr a@;&gf&sﬁlémrrggtrl?ﬁ ude
of a varirapssare gfighet tuspique agd,V tthe vIMBB ef gratyshmyised Kihet fimsgas éalhe

danpi ng cc%ﬁiogn di sposed longitudinally along the bl ood vessel. The
propagation refers to the increase of the magnitude of a variable quantity
(e.g., theossVSB si gnal propassd rRyorlche bgag ki bRdi sposed
Cross fromfﬁ\]/tlaS bl ood v%sg%lld. Fl)ﬁG 10(a) shgﬁt@?ﬁﬁgl?gﬁ%gﬁ%ﬂ%g' si gnal
acqui sition ushn anpi-hg cushi wherei n the gaseous danpi ng
cushion has ?fs?%ﬂ?%%?si’gg_ggzhhe rragngrfa). FI G 10(b) shows the propagation
effect of the gaseou danmpi ng cushion for MVBB acquisition. FIG 10(c)
shows t hd0%fh! i fi catvbeisinePriedic gppaggtion Hstwouss thariragedaishiimangiar ofMvEB

acqui si ti%_ ;0050Q1.. Th I i 8y be .for from
material s Wit k app?’op??egl?gﬁlgﬁglsfﬁ%g?] t @qt‘%%gﬂ tlfgﬂ ‘gls%i{?’ﬂ’l%}%’?tgﬁé?feﬁ?‘gﬁ oft he
cushi on whd ¢ushiompandquhe eolame ef tiai desHidn; 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 signa] 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 and'9ariables to govern the
anplification and pr ogagati on results. The anplification factor can be
cal cul at ed%58kcor di Agbleol efuaMMISB( sipnalafrength goquirmd wBdePdiffdremt Moantirl)
[ 0052] Wh@&?iiéhr onkS the anplification factor; a is the characteristic

6] t

di mensi on e _magnetic source; Y the longitudinal length; E the
elasticity ?% Mexsuhiean;; P t?e pressure of TRRaqUSH] on; —and v theyol une
of the cush n, angetkp t he |cons figwigHon he C%Mec(ﬂr\f)[ 0053] Remarkpr opagat i on
factor can be [cal culated 4ccordj Ry to equatipm (2) =—f—X—a—E{ P, V)
~ mX (2)] 2a [0054] whergin Pfiils the propagation factor; a is the
charact er| sti c| Basnkmssipml of the|“|magnetic source; X the latitudinal |gength;
E the el asti ciit y(vathcuh&rcyshi pnf |P the pressure of the cushion; and V the
vol une of| the |cushiueble and fat he|constant fofl®M¥e cushj on. [ 0055] Tabje 1
bel ow shawsithe MMigRiosh gnal stremgth acquired under diffferent nounting
configurgtions. Table 2 belo phiselirdhie MVBB si gnal stirength with relfation
to sensar_alijgnnent. 12 [[0056l !siabl e 1. The MVSB si gnal strength aclquired
under different mounting jconfyg @%{i ons Megsurenent Qonfiguration Sijgnal
Remark $IN sgtu Value e (nV) Bjse ine signal (wthoyt air bubble Cd 1nV
Y
Effects of & 10X result
2 simple cushion | C, 10mV improvement with
simple cushion
good
H signal
X
Effects of A > 40X result
3 amplification | 40mV improvement with
cushion d amplification
best cushion
+ signal
2X 1 e———pl
vélo]] | |
Effects of - Propagation effect
4 propagation _) a) OmV demonstrated.
cushion b) 8mV Results obtained
weak similar to S/N 2
Y good
signal u signal #
a b)
Legend
Magnetic source
L. MMSB sensor Amplification cushion Blood Vessel
D Simple cushion
C, Critical distance Propagation cushion Gascous
*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.
Mngnc!,,-"?




1 cushion) T baseline signal ~ IFX Effects of 1Y IOX result 2 sinple
cushion Cd 10nV inprovenment with sinple cushion good signal X-* F best
of 2Y 40X result 3 anplification C 40nV inprovenent with cushion d _
anplification cushion best signal 2X%4-> DY =~ Effects of Pr opagation
effect 4 propagation a) Omw denonstrated. cushion b) 8nV Results obtained
weak good[0§$7ﬁ1 lar t&aigt R The MIYISE sigria stadnge) whit to katgamhgﬂnivagnet i c source

MVBB sengor—Anptt+fiecattor—cushi-on—Btood-Vessel—SiAple—ecushion-Cd-Criti cal
di st ance Prop&ggidsen cushi orCdatigenuisn L1 ¢a n§?8~\ Remark
Value (mV)
S L T '
Bi-directional N AN c) Neak Perfect allgnmel}t’ at
Sensor . signal | @) 20mV location a), significant
confiouration G AN b) 12mV misalignment at b) and
g & ¢) no signal | extreme misalignment
2] 2) best b) good at¢).
signal  signal

1i-directional . .
Omi tiona Of == & Good reading obtained
sensor ~ ) best . .
configuration (2 " signal a) 20mV 1n any alignment.
guratu Cy . b) 18mV Reading showing
$Eensors in ~
orthoeonal L7 ¢) 19mV normal random
8 afa) best D) best fluctuation of £19mV.,
- arrangement) signal  signal
Legend
Magnetic source
+ Bi-directional MMSB sensor
ki Omni-directional MMSR sensor

£

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 gasecous 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,



*Magnetic source is adhered to neasurenent site via an adhesive tape. /\25
cusshhion *Bubble is adhered to the neasurenent site via an adhesive tape
with the magnet _placenent w.r.t to the bubble as shown. Magnet ---7 13

[ 0057] Table 2. The MVBB signal strengt Mw r.t to sensor ali gnhnment Pur pose
Configuration Signal Remark Value (nV) Bi-directional c) ak Perfect

al i gnment [@60] sensoWkigthalpresennkationdatibeen dgscribédywith irefarince ) par@oiar

m sal i gn ..gonfiguration Cl------ -(4. Sc ¢) no.signal extrene
m sal i gn%ﬁ}%oe’g‘j‘&%ﬁ?q’ﬁl} q’geo%rﬁ’%éim ci?h@é %"nﬁnbgﬂ (s eilheiratine Hishet tod

readi ng obhehtiedscopeié herasHinged alRMmalive ShBBMm SIS B ?&e?é ﬁloeﬁi}%yvm
alignnent, sensors in Cd b) 18nV Readi ngmsvhovm ng orthogonal ) nor mal

random a) PBERE pyP2gs o thase hasmgondisrryl gl in ther aré et the prepenad inséigival

Legend O t &C.1.S iL~.di rectiaonal sSensor i -di.rectional
MVSB sensgéf\@gﬁc% %F%htaﬁfégrfa?%?rgﬁ Eé%]g{é: nﬁ(éfggf&%%}%&% l?FgeQCBH’FEF‘gJ’QQ’YH “P\gi’eeSpi‘rét
provi ded andysaypeiaf the pgrsam somicly Actyrding®, thé ebddel MERIReRAL WREAHGAREOUS
danpi ng Clgfshi. n, formfactors and MVSB signal values. Thée abscissa

! g .
r epr esent SE5CHREA Bt e appindre claims prdl i§auprsutsd byt fegeeoingrdeseriptionrms. The



ordi nate represents the MVSB signal value output in nV. The results
depicted in the graph show the range of values of the volune of the
gaseous danpi ng cushion that will result in producing the optinum MVEB
signal val ue acquired. Supplenenting thg absci ssa bel ow are two additi onal
absci ssas, length of cushion in mm (notI presented to scale) and wi dth of

cushi on ieL@Enot presented to scale). They represent typical
character di mensi ons of the length and wi dth of a gaseous danpi ng

cushion that pnreduetc fibld seadingespondeagpiahgme. [ 0059] The packages of the
present invention can be assenbl ed by any suitable ways. 14 [0060] While
the present i nVENDAGKURSENBELR! trasingiagaengiie Aeldef er ence to particul ar
enmbodi nents, i j ; Qf . . i t e 04 rative
and that the %Rl\%t%{j icgﬁulgg(gagg’%&g&ﬁgﬁ@lﬁt?(%fﬁt%ﬁ {egrsﬁ% |1§%édeér?§§%iit‘r¥ént s of
t he pr esembgrctiveatioonthat hte cdnéigored tappas antorthogbitd Senhdivh ngrdowlimar the ski | |

in the art to which the present, inventio pertains. Such alternate

embodi ment® FRENUSHCPYES SEF FEC%@%@%%Q&%&?WWF ctrrigt spgte; thereydthg cope
of the pr %@k{ ' , ' : Wale . Javention
IS descri§ ed iégﬂ;{ﬁg{\g&ggg%ﬁ%%%@ﬁgygﬁ%nﬁeséglggglg%%gﬁ %ilre{thﬁgg%g’réengoi ng
descri ption. & meg@hAlfdSchahneliogrignatnas fiioet dhes erisicd geicteiti tward sonjmti thé ng:
two magnet.i c sensors for ,sensing a magnetic field; a printed circuit board,
wherein t e85 PROEPT6Edi t board i s sandwi ched by the two nagnetic
sensors that are configured to have an orthogonal formation, and wherein
the two magnetic sensors are electrically coupled to the printed circuit
boar d; t hérebylhehmagratigrzld sersong davece: afoclming hewhercieths onagnatie soupsure ed

_ ebyTage' _ ‘ cietisgraratie souopurt ed
the priniay BRERR: Sk o PGl SeTBRGR e EiTRE Ty BRabeBeT S Ry O

magnet i ¢ tha@ledc sieriskrg tilembgetiofso@lcal m 1, wherein the magnetic sensors are
any magnetic sensor with appropriate sensitivity of detecting the
nodul ati on of the

3. The magnetic field sensing device of claim 1, wherein the magnetic sensor is a

giant magnetoresistance (GMR) magnetic sensor.

4. The magnetic field sensing device of claim 1, wherein the magnetic sensor is a

tunneling magnetoresistive (TMR) based magnetic sensor.

s. The magnetic field sensing device of claim I, wherein the magnetic sensor is an

anisotropic magnetoresistive (AMR) sensor.

6. 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.

7. The magnetic source positioning device of claim 6, wherein the magnetic source

is a permanent magnet.



magnetic field fromthe magnetic source. 3. The magnetic field sensing
device of claiml1l, wherein the nagnetic sensor is a giant
magnet or esi stance (GVR) nagnetic sensor. 4. The nmagnetic field sensing
device of claim1, wherein the nagnetig sensor is a tunneling

magnet oresi stive (TMR) based magnetic @nsor. 5. The magnetic field sensing
device of claiml1l, wherein the nmagnetic sensor is an anisotropic

magnet oresi stive (AMR) sensor. 6. A magnetic source positioning device,
conprising: atht gaghetRNOUBPOSibEInG AEViECH Elfich & \WJRSEAUR HaFmRiibgogeshi on
that has a doughnut configuration wth a circular chanber; wherein when
the at | eHsi HHEOHEEMEti ¢ source i s embedded within the circular chanber,
the circular chanmber is disposed with nmeans for allow ng the enbedded
magneti c source to nove and position the enbedded nmagnetic source within
the circubar ThamagnetichouheosEighialidevise vl CRINES wWhe@it g iewvk eethed thel ai m
6, wherein the Qe;ic source 1S a_ pernanent nmagnet. 16 8. The nagnetic
source po%‘F‘iuil%r?g%g HePPEISET 4 BIPERLET of sciifidiexible f1ars nagnetic source is an

el ectromagnet. 9. The magnetic source positioning device of claim®,
wherein the means within the circular chanber conprises a plurality of
sem - fl exI®l e Thapsggneli@.soilite pnugmeng dedousfodaiposiviheonn iy gesiusdamping ai m 6,

wherein the gaseous dan iqg) cush%on conprises air or non-magnetic gas.
cushron comprises air or fon-magnetic gas.



