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{0010} In another embodiment of the package, the package further comprises a
display/user interface/alarm module for providing visual or acoustic notification 1o a user.
In other embodiments of the package, the magnetic source is a permanent magnet or an
clectromagnet 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.
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magnetic source is a permanent magnet or an electromagnet.
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gaseous danpi ng cushion, two magnetic sensors
orthogonally placed within the m ddl e of the gaseous
danmpi ng cushion, and a printed circuit board for
activating the magnetic sensors. The package further
conprises a controlling neans (not shown) for
deteim ning and activating the best nagnet with
relation to the bl ood vessel for optiml signa
acqui sition. The plurality of el ectromagnet actuators



11 armount of pressure (P) and sufficient volume (V) to
ensure a good isolation of external noise from
interfering with the MvSB. [0051] Referring to FIG 11,
there is provided an illustration of the gaseous
danpi ng cushion with a freely positioned magnetic
@@bﬁ@@@ﬂ@t 2PR6D Bl 1es hasodigdwset i rohénasivk lfxﬁag?am Qﬁpa%ﬁﬁis and method
ctor can
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The MVBB signal strength acquired un

Tabl
n{él ggqgraé%?mﬁﬁbrﬂ TORYPTESHE MeaRgic sere 1. Spimnaaguisitivembodule 2, and a
sigRAlURoERBh L WPl Isubunit 6 including a signal conditioning module 3, a signal

processing module 4, and a display/user interface/alarm module 5. The magnetic source 1

provides a localized, uni-directional, and constant magnetic field that is close to a major
blood vessel. The flow of pulsatile blood in the artery modulates the applied magnetic
field to create a modulated magnetic signature of blood flow (MMSRB). The MMSB is
translated by the signal acquisition module 2 10 an electrical signal, which is then
conditioned and digitized for signal processing, Then, the processed signal, primarily the
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 Spinironics 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
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relatively to the blood vessel. The processed signals, named modulated magnetic signature

of blood (MMSB), are a function of the strength of the magnetic source, the sensitivity of
the sensor, the distance between them, and their relative placement and orientation with
respect to a major blood vessel near the surface of the skin. For any given apparatus, the
strength of the magnetic source and the sensitivity of the magnetic sensor are specified;
they are not subject to subsequent manipulation once they are manufactured. It is to be
noted that when electromagnetic components are used as magnetic sources their magnetic
strengths can be operably controlled. However, the MMSB can still be enhanced by
providing the freedom to the apparatus, where the freedom would endble the user to freely
adjust the magnetic source/sensor in terms of their relative placement and orientation so as
to acquire the MMSB better. In addition, it would be desirable 1o enhance the MMSB by
other means without changing the strength of the magnetic source and the sensitivity of the
magnetic sensor. Furthermore, the non-invasive magnetic apparatus as a long montforing
device needs to provide comfort to the wearers.

[0041)] Now referring to FIG 4, there is provided a cross-sectional view of the
package for a non-invasive magnetic apparatus in accordance with one embodiment of the
present invention. The package for a non-invasive magnetic apparatus 20 comprises a
magnetic source 21, a magnetic sensor 22 (not shown 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 10 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; insiead,
only the magnetic source and sensor are used to illustrate the principles of the present
mvention. 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,
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[0043] The position of the magnetic source can be mounted variably in relation to
the gaseous damping cushion. As shown in FIG 5, there are provided four exemplary
configurations of the magnetic source and the gaseous damping cushion: (a) the magnetic
source 1s mounted on the top (interior) of the gaseous damping cushion; (b) the magnetic
source is mounted at the bottom of the gaseous damping cushion; (¢) the magnetic source
is freely floating within the gaseous damping cushion; and (d) the magnetic source is
mounted onto the bottom (exterior) of the gaseous damping cushion.

[0044] Now referring to FIG 6, 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 gaseous damping cushion 23 has a doughnut shaped configuration. It
further comprises means that allow the magnetic source to be movable along the circular
chamber but restrain the magnetic source at a certain position after the user decides not to
move it anymore. In one embodiment as shown in FIG 6, the means for controlling the
movement and position 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 2¢ 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 sties,

[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
mvention. 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
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directions of the two sensors are in orthogonal formation. The orthogonal formation
enables the magnetic sensors to detect magnetic fields without adjusting the directions of
the magnetic sensors, making it an ommni-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
invention. 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 g 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 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. TIG 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
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@31t to skelBoingld GIGENL, 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):;

})’
A=f(Y, 8 EP,V) =il
a (1)
[0052] wherein A¢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 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 MMSRB signal strength acquired under different

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

sensor alignment.
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*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.{ to the bubble as shown.
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Omi -directional sensor configuration (2 sensors in
ort hogonal arrangenent) C- 4F \c) best \signal \ \ v
a) bestb) best signal signal ai 20mV b) 18nV c) 19V
Good reading obtained in any &fignment. Reading
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[0057] Table 2. The MMSB signal strength w.r.1 to sensor ali gnment
) : . Signal
Purpose Configuration Value (mV) Remark
ke e e (‘f‘ 1
Bi-directional SO weak Perfect alignment at
sensor . signal | @) 20mV location a), significant
. . OF AN b) 12mV misalignment at b) and
configuration S . .
X ¢) no signal | extreme misalignment
#fa) best b) good at ¢).
signal signal
Omni-directional e === e & Good reading obtained
sensor ™ &) best a) 20mV in any alignment
; ; N signal / e
conflgurétlpzz 2 Cq RN b} 18mV Reading showing
sensors in N
orthoeonal 53 ¢) 19mV normal random
£ afaybest ) best fluctuation of £19mV,
- arrangement) signal  signal
Legend
Magnetic source
F Bi-directional MMSB sensor
B Onmni-directional MMSB sensor
Ca Critical distance
[0058] Referring to FIG 12, there is provided a graphic diagram showing a typical
P g

relationship between gaseous damping cushion form factors and MMSRB 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 gascous 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,
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 ength and wi dth of a gaseous danpi ng cushion that

produce the correspondi ng vol une. [0059] The packages

of the present invention can be assenbl ed by any

suitable ways. 14 [0060] Wi le the present invention

has been described with reference to particul ar

enbodi nents, it will be understood that the

enbodi nents are illustrative and that the invention

scope is not so limted. Alternative enbodi nents of

the present invention will becone apparent to those

having ordinary skill in the art to which the present

i nvention pertains. Such alternate enbodi nents are

consi dered to be enconpassed within the spirit and

scope of the present invention. Accordingly, the scope

of the present invention is described by the appended

clainms and is supported by the foregoing description.
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CLAI MS: |.A magnetic source positioning device,
conprising: at |east one nagnetic source; and a
gaseous danpi ng cushion that has a doughnut
configuration with a circul ar chanber; wherein when
the at | east one nmagnetic source is enbedded within
the circular chanber, the tircular chanber is disposed
with nmeans for allow ng the enbedded nagnetic source
CLiaiMRve and position the enbedded magnetic source
within the circular chanber. 2. The nmagnetic source

I. POShthRAbNGodRY 68t Afin Sl éom%ﬁ{_ﬁq@i n the magnetic
source is a pernanent magnet. 3. e magnetic source
postti§asiinggnagadiicouese; @ldai m 1, wherein the magnetic
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sem-flexible flaps.. 5. Th gnetic source o
cha B brh G UT R oF PR 1MTORGRE Ao R (A S gmbedded
magRAP kA gc s SHbRRIQPIBITibS 8f @hled@éd AAdRINGLE GitBRShe circular

chamber.

2. The magnetic source positioning device of claim 1, wherein the magnetic source

Is a permanent magnet,

3. The magnetic source positioning device of claim 1, wherein the magnetic source

is an electromagnet.

4, The magnetic source positioning device of claim 1, wherein the means within the

circular chamber comprises a plurality of semi-flexible flaps.

5. The magnetic source positioning device of claim [, wherein the gaseous damping

cushion comprises air or non-magnetic gas.



