1 PACKAGES OF APPARATUS FOR NON- | NVASI VE DETECTI ON OF
PULSE RATE AND BLOOD FLOW ANOMALI ES Fi el d of the
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[0013] I n anot her enbodi nent of the package, the
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formation, and wherein the two magnetic sensors are electrically coupled to the printed
circuit board; thereby the signals from the two magnetic sensors are outputted into the
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[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 magnelic source. In further embodiments, the magnetic sensor
is a giant magnetoresistance (GMR) magnetic sensor, a tunneling magnetoresistive (T MR)
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 Jeast 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,
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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

magnelic 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 confi gurations 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.



[0036]In the follow ng detail ed description, specific
details are set forth in order to provide a thorough
under st andi ng of the invention6 However, it will be
understood by those skilled in“the relevant art that
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reference MVSB signal acquisition using gaseous
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propagati on effect of the gaseous danpi ng cushion for
MVBB acqui sition. FIG 10(c) shows the anplification
ef fect of the gaseous danpi ng cushion for MVEB

acqui sition. [0050] The gaseous danpi ng cushi on may be
formed frommaterials with appropriate elasticity (E)



11 armount of pressure (P) and sufficient volume (V) to
ensure a good isolation of external noise from ”
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B si‘gnal streng va
megehEguamdtiositen of the magnetic source within the circular chamber comprises a

plurality of semi-flexible flaps distributed within the circular chamber. The semi-flexible
flaps allow the magnetic source to be movable within the circular chamber and at the same
time have the ability to hold the magnetic source 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.

10047] 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
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enables the magnetic sensors to detect magnetic fields without adjusting the directions of
the magnetic sensors, making it an omni-magnetic sensing device. The printed circuit
board is electronically coupled with the magnetic sensors so that it can acquire the
magnetic field signals from the magnetic sensors and output the acquired signals to a signal
processing component that is electronically coupled with the printed circuit board. While
this magnetic field sensing device has been described in the context of acquiring MMSB
signals, it can be used in any suitable application for detecting magnetic field.

[0048] Referring now to FIG 9, there is provided a plan view of the package for a
non-invasive magnetic apparatus in accordance with another embodiment of the present
mvention. The package comprises a plurality of electromagnet actuators embedded within
the circular chamber of the gaseous damping cushion, two magnetic sensors orthogonally
placed within the middle of the gaseous damping cushion, and a printed circuit board for
activating the magnetic sensors. The package further comprises a controlling means (not
shown) for determining and activating the best magnet with relation to the blood vessel for
optimal signal acquisition. The plurality of electromagnet actuators enables a user to
control and adjust the magnetic field strength of the magnet individually or collectively so
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 {o 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 MMSR acquisition. FIG 10(c) shows the amplification effect of the
gaseous damping cushion for MMSRB acquisition.

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

appropriate elasticity (E) such as PTFE. In addition, the cushion wil also require a certain
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[ t th wr.t to sensor alignnent
%a?%;?éé %E‘F%gp gi&ﬁi Evffé?e%ﬁ Apluyel OB (orupuRenBedd isolation of external

iidisedtdif Glte: 9l SRNERMEAN. 1 guration CT
[0051] Referring to FIG 11, there is provided an illustration of the gaseous
damping cushion with a freely positioned magnetic source and variables to govern the

amplification and propagation results. The amplification factor can be calculated

according to equation (1):

'

Ar=f(Y,a E P,V Ek"'{;‘ )

[0052] wherein Ay is the amplification factor; a is the characteristic dimension of
the magnetic source; Y the longitudinal length; E the elasticity of the cushion; P the

pressure of the cushion; and V the volume of the cushion; and k the constant for the

cushion,
[0053] The propagation factor can be calculated according to equation (2);
X
Pi=f(X,a, E,P,V) = m=— (2)
2a
[0054) wherein Py is the propagation factor; a is the characieristic 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 MMSRB signal strength with relation to

sensor alignment,
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*Magnetic source is adhered 1o measurement site via an adhesive tape, cushion
*Bubble is adhered to the measurement site via an adhesive tape with the magnet
placement w.r.1 to the bubble as shown.
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[8557] 19 Table 2. The MMSB signal strength w.r.t to sensor alignment
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- arrangement) signal  Signal
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Magnetic source
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Gy 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 gascous damping cushion that
produce the corresponding volume,

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

ways.
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[0060) While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
Invention scope is not so limited. Alterative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit
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.



.10mi -directional CdCritical [0058] Referring to FI G

12, there is provided a graphic diagram showi ng a

typical relationship between gaseous danpi ng cushion
formfactors and MVSB si gnal val ues. The absci ssa
represents the total vol une t he gaseous danpi ng

@%Mﬁqn in inmB. The ordinate represents the MVSB

] value output in nmV. The results depicted in the

Igr apth mhgwtic feld ®ngag débvivelcoaprieingt he vol une of the

gaseous danpj ng cushion that will_ result in producing

the OFF PRERTIOVERSCET BH aensing amagrakigifieldi.  Suppl enent i ng

t he o] LA L. I :

| ong B ol O Rl O e Bl BR3E 1S Ticha b the oo
nwigti¢the ehsas it are bonfipurddat haveesentlegohsl Baakin, adheherein the
wLepresent tr%%ﬁi cal &;;har agt eristic dijmsn_si_ ons of the

T AFERC YN SR G R STecHGaY ¢oBRled dpths grigigdivsuittheatd: thereby the
sigh 416 Bes thb ews HaLRSRORALRY aéYupiRred R0 %?Q Enﬁecpﬂ&lﬁﬁ%%ﬁrd' and

of the present invention can be assenb et y any ’

sui t abheangefps chareling GO pighals erath ehp et cirewiehédrdso that the
. e described with reference to particul ar
Sl@ﬁ%%g‘?nﬁg& IQ?GSF?‘PV\A Il be understood that the

enbodi nents are illustrative and that the invention

scope is not_so limted. Alternative enbodi nents of
2t he phegwsbetintiddtsearingievichef ol dppdeanin teomtgrasie sensors are

' rdi .Skill jin.the art. to ich t pr esent

i Ve SRR i3 gl il SEuihifng e BiaddEon of me
megmsicdeieftomahdmagnargeassed within the spirit and

scope of the present invention. Accordingly, the scope

of the present invention is described by the appended

cl ai ' . f gQj .descripti.on. .
167 PR, AHARSESAE dbted 8P Bl TR B aBlec8 Rensor is o
glewmpagrsiongpistdnse (Gdifehagnedessros for sensing a

magnetic field; a printed circuit board, wherein

the printed circuit board is sandw ched by the two
4.MBgNeRd HraskAROMAd SBAinAnSi&OF Liaht 99 WiRrIRYR ABenetic sensor is a

ort hogonal formation, ‘and wherein the o nagne%lc
tugedlvgmeagarcereistive (TR bpsedonggdnetc tamsdthe pri nt ed

circuit board; thereby the signals fromthe two

magneti c sensors are outputted into the printed

5.Ci 1 coikd mR@REE ficMdensing device of claim 1, wherein the magnetic sensor is an

anisotropic magnetoresistive (AMR) sensor,



a nmeans for channeling the signals fromthe printed
circuit board so that the signals can be processed.
2. The magnetic field sensing device of claim1,
wherei n the magneti c sensorsi@re any nmagnetic sensor
with appropriate sensitivity of detecting the

d ti.0n e netic field fromthe nmagnetic
T KBGOV bR RAEDS o Gk NG oA SRy TBWTEL GHONIQH RULSE
L, wherei n t NeRABGNENICREOI0 TIIGWAARMALIES
magnet or esi stance (GVR) nagneti c sensor. . The
magnetic field sensing device of claiml1l, wherein the
magneti c sensor is a tunnel] net oresi stive (TMR)
based magnetic sensor. Sgh$ﬂgug§gnetic field sensing
device of claim1, wherein the magnetic sensor is an

ani sotropi ¢ magnetoresi stive (AMR) sensor. 16
PACKAGE DT eFniARPARATUST GRS NONa¢HgAShiVEN BEFECTE O @Bn-invasively

SE AND, BLOOD E / ANOVAL |.E STRACT, Th .
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shigte poidniagdw®) y nonitoring of blood flow of an
object, a magnetic field sensing device, and a
magneti ¢ source positioning device. FIG 4

FIG 4



