1 APPARATUS AND METHOD FOR NON- | NVASI VELY SENSI NG PULSE RATE AND BLOOD
FLOW ANOMALI ES Field of the Invention [0001] The present invention
generally relates to apparatuses and nethods for nonitoring blood flows,
and nore particularly to an apparatus and nmethod for non- invasively
sensing pul se rate and bl ood fl ow anoma{ies using a | ocalized,

uni -directional, and constant nagnetic field. Background of the Invention
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devices are ‘getting popular tor ey are abl'e 1O provide continuous

moni toring of an indivi duaAND Bi&ODIFICOMIANGVIAMIES ease of use and
confort. The portable health nonitoring devices are increasingly used at
pl aces such as home, anbul ance and hospital, and at situations including

mlitary training and sports. [999§LﬁEyéﬁﬁmgﬁB§ and bl ood fl ow
characteristics are inportant paraneters subject to continuous nonitoring

because they are inportant in assessing the health condition of an

i ndi vidual . Healthcare institutes SUChgﬁg the hospitals and eld rlé care
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of their i ek [ rii f ol t [ hgnt s
whose bl oa 1Tt Beome TS Ao PRty e A e P B bR o

f 1 ow anonmbasivainsersimgnolfeantepatli eodds flafvtaapmabgsousisyg enlies, isi-dingetptant to
ensure patients' snooth 5qgovery. [ 0004] Furthernore, pulse rate and bl ood
f1ow i nf FECPIAGRIER Uldual s subj ected to crowded and cranped
conditions with [imted physical activity may be utilized to trigger alert
for imediate attention when bl ood fl ow anonalies, such as deep vein
thronbosis, are detected. SiBatkgrowadhpfdheilngetivar al ert system may al so be
depl oyed during disaster where life condition of the affected personnel
can be assessed continuously for rescue risk nmnanagenent. Finally, it is

i mpor t antjode2f MoNi tWith figk QfvahdtenrddtibsBiokiRERAR pSkARSIhddlBh &fitoriBedsviagel
wor ki ng i n dangerous environments such as deep sea condition (divers), high

t enper at e getting @opplghfasribyy, argridlaieapovdd sogiBiong adaringiohen dndivigual’s
health condition with ease of use and comfort. The portable health monitoring devices are
increasingly used at places such as home, ambulance and hospital, and at situations
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 centres can use this
information to remotely monitor the health conditions of their patients. This is particular
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 patieﬁts’ smooth recovery.

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

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



[ 0005] Current apparatuses for non-invasive neasurenents of bl ood pul se
rate use electrical, nmechanical and optical neans for sensing. The
apparatuses can cone in the formof chest stripes, socks attachnents,
wri st-wat ches, and finger attachnments. However, each of the apparatuses
for bl ood pul se neasurenent has its wealZnesses. Chest stripes and sock
attachments usual ly measure the body electrical signals to determne the
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apparatuses of pulse rate and blood flow nobnitoring are not po
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fe teld. However, the non-invasive electromagnetic apparatuses using electrodes to measure
pulse rate and blood flow have poor signal-to-noise ratios as most of the systems employ
electrodes; the apparatuses are more susceptible to body electrical noise and motion
artifacts. In addition, most of these apparatuses employ the reversal of magnetic field
polarity to achieve signal acquisition of pulse rate and blood flow information. This
method usually requires the use of an electromagnet, which will result in high power
consumption. As such, the current electromagnetic apparatuses of pulse rate and blood

flow monitoring are not portable and are not meant for ambulatory use.
Summary of the Invention
[0007] Therefore, one embodiment of the present invention provides an apparatus

for non-invasively monitoring of blood flow of an object including human. In the

embodiment, the apparatus comprises a magnetic source for producing a localized, uni-



3 directional, and constant magnetic field; and a signal acquisition
nodule with a magnetic sensor disposed within the nagnetic field for
detecting the nodul ations of the magnetic field caused by the bl ood flow,
a signal conditioning nodule for converting the output of the signal
acquisition nodule with appropriate anpBifications; and a digital signal
processi ng nodul e for processing the output signal fromthe signal
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nonitored. In another enbodiment, the apparatus further conprises a
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notificati r. 0 ) anot her. enbodi nt of the apparatus. the
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enbodi nent of the apparatus, the strength of the magnetic field produced by
t he el ect PEaLHE: mpaule dort propsseedheevipshsiendl|fiom figodg)al candifiering module;
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strength of 1000 Gauss + 20% tol erance, the magnetic source and nmagnetic
sensor ar 8°USHHRAH U 0L WSt ance of approximately 2.5 cm + 20 % [0010]
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magnetic sensor with appropriate sensitiVi ctrn
t he magnetiiagnetf {rekrbtiiarembblenamagfigit iapparatus,cie mapnatietsoanetihar elerdodighent  of

t he apparatus, the etic ensor is g ant net o Resj.stance (QGWR)

magneti c g@ﬁi&?qtﬂ?rﬁ L ?f&tolfnﬁ?e @H%&Snéﬁﬁtreleﬁthgﬁ%eéﬁ%?% field profRicembet i ¢

sensor iah@egg&&hggﬂﬁgﬁmgggggia&g&g&%ﬁ sensor. In yet another enbodi nment
e magne

of the apparatus, tic sensor is an anisotropic magnetoresistive
sensor. [[000€1] |n amotegrer embodinmenbf tfe dpperaapptheahapetit keurnagnatfecabdour ce
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respect to the |longitudinal axis of any major bl ood vessefgs near the
surface of 2PHetolgkange, the magnetic source and magnetic sensor are separated by a distance of
approximately 2.5 cm + 20 %.
[0010] In another embodiment of the apparatus, the magnetic sensor is any
magnetic sensor with appropriate sensitivity of detecting the modulation of the magnetic
field from the magnetic source. In yet another embodiment of the apparatus, the magnetic
sensor is a Giant Magneto Resistance (GMR) magnetic sensor. In yet another embodiment
of the apparatus, the magnetic sensor is a Spintronics based magnetic sensor. In yet
another embodiment of the apparatus, the magnetic sensor is an anisotropic
magnetoresistive sensor.
[0011] In another embodiment of the apparatus, the magnetic source and the
magnetic sensor are preferably placed along the longitudinal axis of the blood vessel. In
yet another embodiment of the apparatus, the magnetic source and sensor are placed at an
offset position or angle with respect to the longitudinal axis of any major blood vessels
near the surface of the skin.
[0012] In another embodiment of the apparatus, the signal conditioning module
comprises an amplifier for amplifying the signals received from the signal acquisition

module, and a signal digitization circuit for digitizing the received signals. In yet another



[0012] In another enbodi nent of the apparatus, the signal conditioning
nodul e conprises an anplifier for anplifying the signals received fromthe
signal acquisition nodule, and a signal digitization circuit for
digitizing the received signals. In yet another 4 enbodi nent of the
apparatus, the signal conditioning nodule further conprises an optional
envel ope detector and/or filter using an anal ogue-to-digital converter

(ADC) . [ 0&mbdimnaamhapp@am@dhaﬁ?ﬁal thdlh@magaﬁfdare&ﬁmhérf&@n@h%@h oRFiOERSSI N
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conprises a placenment nec a Fsm cont Acenent netic
sour ce |nrmee&p@t@ﬂmmwtmembnmnhﬂow&@umammnﬂn nDduIe and the orientatlon of
the bl ood vessel; thereby the placenent of the magnetic source can be

control | eghotdn yet angiher efhad) ”?ﬂ%esq;erwﬁuteappar atus, the signal

processi ng nDduIe further has the teedback capacities to control the
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contr ol eedhagksd pisihewotigA o BE4W Sptisen modul e, and the pl acement
mechani sm f eedbacks to the magnetic soufce to vary magnetic positions.
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user inter
signal for the placement mechanism and the signal for the sensitivity of the sensor in the

signal conditioning module; in turn, the sensitivity control feedbacks to the signal
acquisition module, and the placement mechanism feedbacks to the magnetic source to
vary magnetic positions.

[0017] In another embodiment of the apparatus, the signal acquisition module
further comprises a placement mechanism for a user to manually or automatically adjust
the position and orientation of the magnetic sensor. In another embodiment of the
apparatus, the display/userinterface/alarm module displays the two measurable parameters:
blood flow anomaly and measured pulse rate. In another embodiment of the apparatus, the
display/userinterface/alarm module comprises a display, an alarm, and a user interface.
[0018] In another embodiment, the apparatus further comprises a wireless interface
module to allow remote monitoring; and a base station for receiving the information from
the wireless interface module. In yet another embodiment of the apparatus, the base station
comprises a data CODEC (Encoder and Decoder) and transceiver modules, display and

user interface module, and microprocessor modules with RAM/ROM.



[0018] In another enbodi nent, the apparatus further conprises a wreless
interface nodule to allow renote nonitoring; and a base station for
receiving the information from the wireless interface nodule. In yet
anot her enbodi nent of the apparatus, the base station conprises a data
CODEC (Encoder and Decoder) and transcebver nodul es, display and user

i nterface nodul e, and m croprocessor nodules wth RAMROM 5 [0019]
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anomaly by a digital signal processing module.

[0021] In another embodiment of the method, the signal processing module

comprises a microcontroller, a microprocessor, a digital signal processor, programs to

perform signal analysis, and a memory for storing all the programs and providing venues

for the execution of the programs. In yet another embodiment of the method, the pulse

rate can be calculated with the following equation:
[0022] Pulse rate =£ X (60) pulses per minute

[0023] where n is the number of pulses detected within the time duration T (in
seconds); and T is the total time to observe n pulses.

[0024] In another embodiment of the method, the signal processing module detects
the time interval between two adjacent pulses so as to measure and display physiological
anomalies. In yet another embodiment of the method, the physiological anomalies include
cardiac arrhythmia and on-set of heart failures.

[0025] One advantage of the present invention is that using magnetic field sensing

to acquire the Modulated Magnetic Signature of Blood (MMSB) provides electrical



seconds); and T is the total tinme to observe n pulses. [0024] In another
enbodi nent of the nethod, the signal processing nodule detects the tine
i nterval between two adjacent pulses so as to neasure and displ ay
physi ol ogi cal anonmalies. In yet another enbodi ment of the nethod, the
physi ol ogi cal anomalies include cardiag arrhythm a and on-set of heart
failures. [0025] One advantage of the present invention is that using
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the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.
Brief Description of the Drawings

[0029] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0030] FIG 1 is a functional block diagram of the non-invasive magnetic apparatus
for sensing pulse rate and blood flow in an object in accordance with one embodiment of
the present invention.

[0031] FIG la shows a non-direct contact configuration for sensing pulse rate and
blood flow using the non-invasive magnetic apparatus as shown in FIG 1.

[0032] FIG 2 shows exemplary schematic electronic circuits for the Signal
Acquisition Module and the Signal Conditioning Module as shown in FIG 1 in accordance

with one embodiment of the present invention.



for sensing pulse rate and blood flow in an object in accordance with one
enbodi nent of the present invention. [0031] FIG|a shows a non-direct
contact configuration for sensing pulse rate and blood flow using the
non-invasi ve nmagnetic apparatus as shown in FIG 1. [0032] FIG 2 shows
exenpl ary schematic electronic circuits7for the Signal Acquisition Mdule
and the Signal Conditioning Mdule as shown in FIG 1 in accordance wth

one embodijgmet of tIveGBrieseRtcoRNENbIONagrim $A033dn-Fh&ide hﬁgx@etﬁc%ﬁ&rh@@al
bl ock di agram of the non-invasive magnetic apparatus for sensing pul se
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i nventi on. re[s(ﬂ% en I G 4 is a graphic illustration of resistance change with
respect t& mag e tield applied. [0035] FIG5 shows a typical digitized
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typical digitized signal acquired with restricted blood flow on the wist.

[ 0037] FI &eld appbod a typical digitized signal acquired with normal blood
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at a nor etheakiisted resolution. [0039] FIG 9a illustrates the working
principle of a Spintronics based netic sensor with no external nmagnetic
field [06¥W8§l FI G 9BIG (O S@@Wnse@ttégwalh%gmmhsm@alperqqmwcbM@thdﬁstactsé|bmo|dd}ﬁ%s
based nagggpkgwngensor with external magnetic field. [0041] FIG10 is a

fl owchart of the nethod of sensing pulse rate and blood flow anonmalies in
accor dancgoeflt h oneFERatowenttygitaltdigitipéesigd] abquigsatwiehn nofn@d4RjodHldw dd
shows a t vi ew of ha th t he non-invasive nagnetic apparatus in

accor dancHCHcE At 6eRTe RIS ﬁ%ﬁ@“ﬁ@ the present invention. [0043] FIG 12

shows a sjpdegvi ew ofrhgngows bhypig ﬂgﬂlzw‘g@ﬁbw&qﬁﬂ&p%ﬂﬁeﬁﬂ%ﬁ JdE flow

on the heel at a more refined resolution.

[0039] FIG 9a illustrates the working principle of a Spintronics based magnetic
sensor with no external magnetic field.

[0040] FIG 9b illustrates the working principle of a Spintronics based magnetic
sensor with external magnetic field.

[0041] FIG 10 is a flowchart of the method of sensing pulse rate and blood flow
anomalies in accordance with one embodiment of the present invention.

[0042] FIG 11 shows a top view of hand with the non-invasive magnetic apparatus
in accordance with one embodiment of the present invention.

[0043] FIG 12 shows a side view of hand with the non-invasive magnetic apparatus
in accordance with one embodiment of the present invention.

[0044] FIG 13 shows a cross-section view of hand with the non-invasive magnetic

apparatus in accordance with one embodiment of the present invention.
Detailed Description of the Invention

[0045] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.
[0046] Throughout this application, where publications are referenced, the

disclosures of these publications are hereby incorporated by reference, in their entireties,



in accordance with one enbodi nent of the present invention. [0044] FIG 13
shows a cross-section view of hand with the non-invasi ve nmagnetic

apparatus in accordance with one enbodi nent of the present invention.
Det ai |l ed Description of the Invention [0045] The present invention may be
understood nore readily by reference to8the follow ng detailed description
of certain enbodi nents of the invention. [0046] Throughout this
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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. While the following description will use specific configurations
and dimensions and modules to illustrate the principles of the present invention, it by no
means intends to limit the practice of the present invention to those specifics.

[0049] Now referring to FIG 1, there is provided a functional block diagram of the
non-invasive magnetic apparatus for sensing pulse rate and blood flow in an object in
accordance with one embodiment of the present invention. The non-invasive magnetic
apparatus 10 comprises a magnetic source 1, a signal acquisition module 2, and a signal
processing/displaying subunit 6 including a signal conditioning module 3, a signal
processing module 4, and a display/userinterface/alarm module 5. Briefly, a permanent
magnet is shown in FIG 1 to illustrate the magnetic field distribution near an artery and the
signal acquisition module. The flow of pulsatile blood in the artery modulates the applied
magnetic field to create a modulated magnetic signature of blood flow (MMSB). The

MMSB is translated by the signal acquisition module to an electrical signal, which is then



means intends to limt the practice of the present invention to those
specifics. (0049] Now referring to FIG 1, there is provided a functional

bl ock di agram of the non-invasive magnetic apparatus for sensing pul se
rate and blood flow in an object in accordance with one enbodi nment of the
present invention. The non-invasive naggetic apparatus 10 conprises a
magnetic source 1, a signal acquisition nodule 2, and a signa
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acqui si ti @esfodul e Zh&gppilia8QSisiBoARMABL LcAEHFRE alhdheliS sRbiBhiqQs 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.
[0052] Magnetic sensors are well known in the art. Their working principles will
only be briefly described herein. Such sensors change their resistances based on the

magnetic field applied. FIGs 9a and 9b show a graphic illustration of the working principle



transl ate nmagnetic variations to voltages proportional to the variations of
the magnetic signature. The nagnetic sensors suitable for the present
invention include, but are not Ilimted to, spintronics based sensors (e.qg.
gi ant magnetoresistive (GVR) sensor and tunneling magnetoresistive (TMR)
sensor), anisotropic magnetoresistive (VR sensors and any magneti c based
sensors. One exenplary nmagnetic sensor is a Spintronics based nmagnetic

sensor (e mgﬁ@% 02 {éf AGLHE edA%?fW}FlnC?f @raag'c% huotftvte hgnrﬁ%ngff not ed

t hat ot her Sensors w't ere sénS| Ivities

used to dettedayer heis mamlm@ltedobyrraganeﬂbyz Isiegn Bt wenafo bltemd! fﬂagmt(d\M/BB)xs but
t he related]\%gr neters Erenth of the nmagnetic source, g

di st ance BBR etrﬂ%gnﬁﬁgﬁ?@meetsslal&%@ nlayegéﬁ%ppp%fa iepaonsdregrssgaed

pl acement yand,Ryd), %H%é QisBhcd %%um %hgﬁo@ﬂ'ﬂ] BRNGO it e&f%ﬁ{é‘?Ct to
a blood vessel) have to appropri at € support from

experi ne nmalgnet&sﬁlebld §) is a[pf)ﬁﬁdz ]applb@ilmsttemalsremns ﬁa}deomedolmds raxnwfenrmmagreuar t.

Their workin pr|n0| | es wi be brleflgl ﬁfl{) h]grej g
T SoL KguRy WASHRG BRattia maSlhlaB dBN Fir e SheERET i s aaes fe8s F g
9a and 9bdshewcallgr ﬁl%“t@ 1iskA ‘rkS{yrp@éa'lOPTH%fmﬁgtﬁstlwcé‘iéﬂa'[‘Q'aﬂﬁﬁd?f:ispﬂrﬁlsﬂa@ed Rehind
the GVR nagnetic sensors. shown in a, a conductive, nonmagnetic

i nt er | ayeronespendagndminghed résystance laltheoﬁjMIhy@ssr ®viagherhin change of realstamagnet i ¢

i ect | ond RaFEe BPBARICT R oG TG HaRe St Phé FBY s onhlos SSAPORE ¢ o

hi gh. As showe cufveFshew9hR, chah@nofRsBXhes Bt calBIB&dISed k@ hnke variaRrpk iied,
applied external rragnetl c field overcones anti-ferromagnetic coupling,

al i gni ng W&@ﬁ@c@l fieldroments in alloy layers, and the electrical resistance

< Trans! B0 to o NebtFieb i % MR S SEr CaREY iRl

devi ce. TbﬂrcSul’C hange sihal 8&SIAHNE erodMd D ifRGEGHAKce With dnaRpiticeh &b hBe
illustrated as shown in FIG 4. To those skilled in the art, the curve

shows a cRESGE ibYenfieni dhasaeuif Rhthecsanad acaypitien maeskla d insneendiamad %ef dns in
magnetic fij&lidyrld 99%%11% Wi & Sﬁi@ﬂ Q&br}? F'bcéitt% E&?Egeﬁaé% 3 a;g&@ﬁ’t L 368 R0 the

exerrpl ary schematic tronic i rcui or t ui sition nodul e
i n accor défieetswnt{Broige cenfzottidrte tite GMR basopr@saphdd anamtdse@f a Wieeatdtoreui t of
the sign configured that a dir urrent

LN TR TN K HETE R NG S
translated into a measurable potential. To those skilled in the art, the potential applied
across V+ and V- will result in a measured output across OUT+ and OUT-. The changes
in resistance due to the applied magnetic field will then be linearly translated to a
differential potential change across OUT+ and OUT-. Acquiring and measuring this
differential potential will allow the magnetic field variations due to MMSB to be quantified
and processed for measuring pulse rates and detecting blood flow anomalies.

[0054] With the application of a localised, unidirectional, and constant magnetic
source, the measurable range of the Spintronics based magnetic sensor is shifted as shown
in FIG 4. To those skilled in the art, this will provide better linearity for the sensor to detect
the minute changes of magnetic field generated from the modulated magnetic signature of
blood (MMSB).

[0055] For optimized measurement of pulse rates and detection of blood flow
anomalies by the apparatus, the factors other than the strength of the magnetic source and
the sensitivity of the magnetic sensor need to be considered. First is the placement and

orientation of the magnetic source with respect to a blood vessel. The magnetic source 1



Wheat st one-Bri dge connected to the GWR sensor. Coupled with the use of a
Wheat st one- Bridge, the change in resistance due to the mnute variations
in the magnetic field can be translated into a nmeasurable potential. To
those skilled in the art, the potential applied across V+ and V- wll
result in a neasured output across OQUT+{fand OUT-. The changes in

resi stance due to the applied nagnetic field will then be Iinearly
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whi ch t heed¥agaekisins@ AS@nskidfition of the strength of the magnetic source, the sensitivity of
the magnetic sensor, and the material used in the space gap.
[0057] Now referring back to FIG 1, the signal conditioning module 3 converts the
differential-ended output of the signal acquisition module 2 into a single-ended signal with
appropriate amplifications. In one embodiment, the signal conditioning module 3
comprises an amplifier for amplifying the signals received from the signal acquisition
module, and a signal digitization circuit for digitizing the received signals. FIG 2 shows an
exemplary schematic circuit of the signal conditioning module 3. The suitable circuits are
well known in the art. As shown in FIG 2, an optional envelope detector and/or filter is
proposed before digitization of the signal using an analogue-to-digital converter (ADC).
To those skilled in the art, this will allow them to implement analogue signal selection
before digitization.
[0058] Now referring to FIG 1 and FIG 2, the digital signal processing module 4
processes the digital signals from the signal conditioning module 3 to measure the pulse

rate and detect blood flow anomaly. In one embodiment, the signal processing module 4



be di sposed wi thout undue experinentation. [0056] The magnetic source and
magneti c sensor can sense the pulse rate and blood flowin a non-direct
contact configuration. As shown in FIG 1 a, one space gap 7 nay exi st

bet ween the magnetic source/sensor and the skin. For exanple, the space gap
could be fabric, perspiration and oil gecretion between them The

t hi ckness of the space gap can be easily determined in consideration of
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detected. o&prgalpsliléns?levei %w?xemelg(l%r Be St gds1ganzl processing module 4 now has the
feedback capacities to control the sensitivity of the sensor and placement mechanism such
as a slider in the signal conditioning module. The placement mechanism enables a user to
manually or automatically adjust the position and orientation of the magnetic source. In
turn, the sensitivity control feedbacks to the signal acquisition module, and the slider
control feedbacks to the magnetic source to vary magnetic positions. While not shown in
FIG 3, the signal acquisition module may further comprises a placement mechanism
enabling a user to manually or automatically adjust the position and orientation of the
magnetic sensor. In addition, while not shown in FIG 3, the magnetic source may further
comprise a strength adjustment mechanism when the electromagnet is used as the magnetic
source. The devices for controlling position and orientation of the magnetic source and
sensor and for controlling the strength of the magnetic source are well known to those in
the arts; any suitable devices may be used in the present invention.
[0061] Still referring to FIG 3, the apparatus further comprises a wireless interface

module 8 to allow remote monitoring. The base station 9 may be incorporated into the

apparatus or employed in a separate location for receiving the information from the



pul ses per mnute. The outputs nmay al so be digital data with conputed pul se
rates. Typical digital data are shown in FIG5 and FIG 6 for normal and
abnornmal bl ood flow condition respectively. Typical digital data are shown
in FIG7 and FIG 8 (at a nore refined resolution) for normal and abnorma
bl ood flow condition respectively. The galculation of pulse rates fromthe
digital data will be discussed hereinafter. [0060] Now referring to FIG 3,
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[0065] Then, the output signals from the signal acquisition module are amplified by
the signal conditioning module before any analogue signal conditioning (optional) 140. To
those skilled in the art, such a configuration will ensure signal integrity. The analogue
signal will then be digitised by the analogue-to-digital converter (ADC).

[0066] Then, the conditioned output signals from the signal conditioning module
are processed by the signal processing module to measure the pulse rate and detect blood
flow anomalies 150. Now referring to FIG 5, there is provided a typical digital data
acquired with normal blood flow on the wrist. The pulse rate can be calculated with the

following equation:

Pulse rate = x (60) pulses per minute
T

where n is the number of pulses detected within the time duration T (in seconds); a is the
time interval between two adjacent pulses as shown in FIG 5; and T is the total time to

observe n pulses in seconds. The measurable parameter a can be used for the observation



constant magnetic field. [0063] The nethod 100 starts wth placing directly
or in proximty to the skin the apparatus for non-invasively sensing pul se
rate and bl ood flow using the | ocalized, uni- directional, and constant
magnetic field 110. The nagnetic source and sensor of the apparatus is
preferably di sposed along the |longitudital axis of a major blood vessel
such as, but not limted to, the ones found on the wist, |leg, or heel.

[ 0064] Th t ; wer

| 006:] Thspied g BATR] b0 GATEELPY chiv Gl OHEARIN gk B
V%eatstoneaBﬁmdgaiammm&mmadum@nmh@nnewR sensor. For exanple, when the

th E HO tial d i
supply of [86"" Then, TFe & GARS deduite: TbhPisavine BURpaCe The Rar e ePent i al
out puts, GUbd @B a%ah@@%he[ Q%ﬁﬂs \;Hl'leﬁ'e dfsB?ay@&’tIQG'tonsthQ R Ju'fﬁﬁn/&l@ﬁ@' gnal

acqui sition nodule are anplif t he signhal conditioning nodul e before
any anal ogisduksi gnal condltlonlng (optlonal) 140. To those skilled in the

21 ghal i [Refihen be Tlegrhly 55 BHECARLPRObe b Sl is UAGLR B fape)

[0066] Theitatiohe TenehaiipddedspitdPedn @gegnabﬁpefrﬁtam&hﬁorﬁtomgIpaﬁ@ﬂ@hetﬂnlem ng
nodul e are processed by the signal processing module to neasure the pul se

rate and @&t Bt thplappaiatus [ferwmanidrrig bsir bbond Now: eldersrcen hg naniprad smofdere i s
pl’ OVI ded @wﬁymec%\lur é:s%l gﬁ&%%&abl qulﬂo dn\t(l)\nﬂ{[ ?ﬁsnocrarrae) bde?e%ge 119%1%1‘6&1"?6

wrist. The pulse ra e calc ate oW ng 1 on: Pul se

rate = n x1r<ﬁlﬁﬁ)s)tarnld§ MS ap&mgrflightt @scubsvhdrdangerb$s ﬁﬂu@txcmsnber of pul ses
detected within the_time duratlon T (|n seconds); _.ais the  tine interval
bet ween t #W88H4dj acentGRildes ﬁé""@h@\ﬁﬁ? pesEngGand Caﬁ@gulfa’il%n phéha Binvesive t o

observe NRyhSSaddlrSEC AN ordkiEe W liciy S0 o B c&ANiRetGRdTher the

observation eart at anona pre ence o chaotic
pattern whaghetcosbdcsilgand yndgnetio mgrmetacqﬁlsmdmeﬁroﬁuat 2 ank picedasldhgdhe
' s fromthe_ signal proceSS|n nmodul e

?LEP%BQmpE‘angQS%EEILa%QEP ths; O FESH ahoRPTSS. TR derdiuiae apnaraihe oeh Efﬂ ayed
160 on thgchgtitd QHE RHY Wit SRLANe devices or decors. Of course, the apparatus can be
used in other parts of a body and incorporated into other devices.
[0070] 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. Alternative 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.



nodul e. [0068] The apparatus and nethod of the present invention is
applicable to many situations. For exanple, hospitals can use the
apparatus for nonitoring patients; athletes can use the apparatus for
nmonitoring their blood flow, elders can be nonitored renotely wth the

W rel ess apparatus; blood flow anonmalies can be detected in different

ci rcunmstances such as long flight, rescuegs and dangerous situations.
[0069] FIGS 11-13 shows the placenent and configuration of the non-invasive
magneti c apparatus in accordance with o odi ment of the present
invention. The nmagnetic source 1 and nmagnetic signal acquisition nodule 2
are placed along the |ongitudinal axis of the blood vessel on the wist.
In this design, ﬁﬁﬁ&?ﬁlus can be incorporated into any wist wearing
devices or decors. O course, the apparatus can be wused in other parts of
a body and |n00fpor%med |nt3 other devices. [0070] Wiile the present

i nvention has be€en r@m@fymdﬂmdfmobjeﬁbaﬂbﬂsﬁgts it
wi Il be understood tahmn@mmﬁaqtmaﬁgsagggmﬁ,g%&gg ngwﬁé &pe
enbodi ménts o

invention scopegddaiot so limted. Alternative prcesent
invention will becone apparent to those having ordinary skill in the art

to which the presen?aﬂﬂ/@ﬂwmmemhmmagﬂmw:wmws are

consi dered to tfeldeﬁ:mm%d&x%ng ftﬂ@mﬁ%}e&d f the present
esendt rnventi W:descri bed by

i nvention. According %‘Hl f. the

the appended clains afid I's 9 ﬁ'ﬁg Wﬁﬁmr%@lmoﬂés@@n@tmo%

CLAI M5 What i ?%ﬂ&mwﬂiamﬂfﬁmhﬁ us for non-invasively nonitoring
of blood flow of ar &&isf netjc source for produ0| ng a
| ocal i zed, uni -dj r.ecf?on 1ang cgns{&ntmnpéﬁ%% é!‘ tgvalfinm thesiegnlal
acqui sition rmamld’é’ erragnetl c sensor disposed wt h| n t he magnetic

field for detecti nghel‘dbgpulmiudeaﬁd&maa@vah&ﬁalﬁ% hlofsitddg! d caused by the
bl ood flow, a signal conditioning nodule for converting the output of the

si gnal acqui si | on__nodule with appropriate anplifications; and a digital

signal processtng rBtitRPaats ef ghaimcle Ssthercromiprisiny i &bﬁlayﬁk@iﬂ%fad‘efaﬁ%hib@ul@l gnal
for prowdmngual or acoustic notification to a user,

3. - The apparatus of claim 1, wherein the magnetic source is a permanent magnet.
4, The apparatus of claim 1, wherein the magnetic source is an electromagnet.

S, Thc apparatus of claim 4, wherein the strength of the magnetic field produced by
the electromagnet is controlled electronically,

6. The apparatus of claim 1, wherein the magnetic source is preferably able to produce
a magnetic ficld strength of 1000 Gauss + 20% tolerance.

7. The apparatus of claim 6, wherein when the magnetic source is preferably able to
produce a magnetic field strength of 1000 Gauss £ 20% tolerance, the magnetic source and
magnetic sensor are separated by a distance of approximately 2,5 cm + 20 %.



condi tioni ng nodul e; thereby pulse rate and bl ood fl ow anomaly can be
nonitored. 2. The apparatus of claim1, further conprising a

di spl ay/ userinterface/al arm nmodul e for providing visual or acoustic
notification to a user. 3. The apparatus of claim1, wherein the nagnetic
source is a permanent magnet. 4. The apparatus of claim1l, wherein the
magnetic source is an el ectromagnet. 5. Thg apparatus of claim4, wherein
the strength of the magnetic field produced by the electromagnet is

control | ed el ectd oni Bl dpparatés. of Thatn B Rfeft thSmanetfe! s@lsiP ‘M!?:ﬁ j .
magneti c sour Ceabﬁ'oﬁﬁ@fs%ﬂbi?’oﬁﬁi .taq produge et% rragr%%nlyc |egf%n$§°Fr$’éflrllgth of
1000 Gauss 20% tol erance. /. 8&&‘535 grof the agaetic ficl Bora the mgEretic t he
magneti c source®?%®*®preferably able to produce a magnetic field strength of
1000 Gauss , 20%tol erance, the magnetic source and nagnetic sensor are

separated by a ¢ist e,0f .approxjmtely 2.5 cm 20 % 16 8. The apparatus
of claim1, wherei na@%eapﬁ%tﬁsggf Sfélé’gﬁsé‘fhe’ie’§ i ymageaiie cseisor sem Siiant \Midgheto
appropriate sengﬁﬁtﬁ?ﬁ(ﬁbﬁ)mms&nm@. t he nmodul ati on of the magnetic field
fromthe magnetic source. 9. The apparatus of claim8, wherein the

magneti c sensor d’s g?%ant I\/aé%net.o Resi stance (OUR) magnetic sensor. 10.
The appar at us ot% i PRPRrAflS it Paim t 8, svhangimnibe inpgmetin Sesor is aaSpHplonics Bidkd S
based nmagneti cuagmetiegensorll. The apparatus of claim 8, wherein the magnetic
sensor is an ani sotropic nagnetoresistive sensor. 12. The apparatus of
claim1l1, wherein the magnetic source and the nagnetic sensor are
preferably pladdd alfPhgPremes of glainy b, rallerahxithe @lagiche 8hsa0Gs \4f S@lbtroplc3.  The

appar at us of cluosgnetdresishiesemiofl t he nmagnetic source and sensor are placed at
an offset position or angle with respect to the | ongitudinal axis of any

maj or bl ood vessels near the surface of the skin. 14. The apparatus of
claim 1, whereild t hErcsbpamtis of claiti 1, ivdieeidGhd RAHAR: sER68Hnk BR Snadhbtic Hfd er for

anpl i fying thepm@mwg%%@ﬁmgﬁsgg&rﬁg’wac yrsition nodule, and a

13, The apparatus of claim 1, wherein the magnetic source and sensor are placed at an
offset position or angile with respect to the longitudinal axis of any major blood vessels
near the surface of the skin,

14, The apparatus of claim I, wherein the signal conditioning module comprises an
amplifier for amplifying the signals received from the signal acquisition module, and a
sigual digitization circuit for digitizing the received signals,

15.  The apparatus of claim 14, wherein the signal  conditioning module further

comprises an optienal envelope detector and/or filter using an analogue-to-digital converter

16.  The apparatus -of claim 1, wherein the signal processing module comprises a
microcontroller, a microprocessor, a digital signal processor, programs to perform signal
analysis, and a memory for storing all the programs and providing venues for the execution
of the programs,



signal digitization circuit for digitizing the received signals. 15. The
apparatus of claim 14, wherein the signal. conditioning nodule further
conprises an optional envel ope detector and/or filter using an

anal ogue-to-digital converter (ADC). 16. The apparatus of claim1l, wherein
t he signal processing nodule conprises a mcrocontroller, a

m croprocessor, a digital signal processory7 prograns to perform signa

anal ysis, and a nenory for storing all the prograns and providi ng venues
for the execution of the programs. 17 17. The apparatus of claim 16,

wherein the pul 94¢ ralR pdahe cukated with the follow ng equation:
Pul se rate :1469%%5%. er ﬁfﬁh‘ ehﬁh e@"‘%%é’“{;ﬁé&tﬁﬁ%@r@ﬂd& | withsthe
detected within PHBY%ir ati on T (m seconds); and Tis the total tine
to observe n pul ses. 18.%@1&99&(@]% of claim1, wherein the magnetic

source further conprises ag&aht PiiEss barmiisme control | i ng the pl acenent
of the magneti Cwﬁé?é’%‘iseﬂ,i,n resgqect to the signal acquisition nodule and the
orientation of {he BloOH\Pa¥E Pulses fleteatnd within theltime dntetidn Toin sebdags)yErgmas | C
source can be cptombtihet obidve ipakesappar at us of clai m 18, wherein the signal
processi ng nodul e further has the feedback capacities to control the
signal for the plac nt nmechani smand the signal for the sensitivity of
the sensor in the S%Mmﬁﬂw hgwheeln|thy niapnetic!sburce! Rth&CEsRigkibeyi f Y
control feedbadiesement mBchadiing RaktroR&d WeSdid i le. _and the placenent
gﬂéﬂﬁé‘g&tm’gm@ﬁ&a‘?ﬁéﬁ“& oittens. 20.

mechani sm fee%@q‘ﬁ Riok 1€ negrc,source to var

The apparatus of clalm Q}fcﬁ@?g} Peenstion pithe lagd ivessel;i thamebyricbilleperhient bher
conprises a pSdeAgaTe soisestrambeoontialied.a user to manual |y or autonatical |y
adj ust the position and orientation of the magnetic sensor. 21. The
apparatus of chgim wher ei r} t he display/userinterface/al arm nodul e

di splays the tvio noaSPRAEHSOL Sleim AR wherein the sigohl fpreessiag aiowlly faie: KB agUr ed
pul se irate, 2fedbptkecappities ad eontrlfthetighalTol e YIRLRI EPS . .
di spl ay/ useri ng‘ersg,gﬁ%}aggwsg&gmnem:cp r iﬂ)ge_s‘ a éé':fltsn ay, gﬁdtgféﬁg?‘ﬁl fhd a

user interface, .. ) signal conditioning module; in turn, the sensitivity
* feedbacks to the signal acquisition module, and the placement mechanism,

feedbacks to the magnetic source to vary magnetic positions.

20.  The epparatus of claim 1, wherein the signal acquisition module further comprises a

placement mechanism for a user to manuelly or automatically adjust the position and
orientation of the magnetic sensor.

21.  The apparatus of claim 1, wherein the display/userinterface/alarm module displays
the two measurable parameters: blood flow anomaly and measured pulse rate.

22, The apparatus of claim 1, wherein the display/userinterface/alarm module
mmpnswadisphy,mﬂmmdauser interface,

23, The apparatus of claim 1, further comprising:
& wireless interface module to allow remote monitoring; and
a base station for receiving the information from the wireless interface module.



23. The apparatus of claim1l1, further conprising: a wreless interface
nodul e to allow renpte nonitoring, and a base station for receiving the
information fromthe wireless interface nodule. 18 24. The apparatus of
claim 23, wherein the base station conprises a data CODEC (Encoder and
Decoder) and transcei ver nodul es, display and user interface nodule, and
m cr opr ocessor nodul es with RAM ROM 25. Aiget hod for non-invasively
nonitoring of the blood flow of an object, said nethod conprising the
foll owi ng operations: providing a Iocalized uni directional, and constant

magnetic field Bh prioxisppstatust oF (,gum%o ect t he, vari ations of
fl'olw o pu saaf? %@é"ﬂl%gﬁ&ﬁh‘iﬁ?@q OBRE bl ood

the magnetic fi giga
vessel by a magﬁi 1 C seﬁg%?d\éaa?g Ganseriver meryles; Hispléyoand lvser duferfasn modlile; @t i onal |,

and constant negifopiogeskirajodylesavith RXMEENSI Ng t he signals of the detected
vari ations so as to rmnltor the blood flow. 26. The method of claim 25,

wherein the | Or‘g unj -directional, and constant magnetic field is
provi ded by a nagne ’(’,‘e@%f%ém{"ﬁ&’?&?eb' moqn@nnmmem biBgniidw Of e Bbject, said

el ectromagnet 2ictholivemprisidgakt foffowidgdy . Wherein the nmagnetic sensor is
part of a signal ac du, for the detection of the variations of
t he magnetic fiel d gm% gca!{% r‘gwwi%mwu@gmneéddwm@m bl ood
vessel . 28. Thé’wﬁﬁfsPRSd of cI aim 27, wherein the rragnetl C sensor is a

Spintroni cs based JdoRIMRY thSvaSiRERO br LSOtro et oresj stive
va%l m 2% B\E/\,ﬁg@]el ﬁeﬁ«ﬂ é‘é’ oPfipRisytisklood

sensor. 29. They weé%%q%%f cl
converting the 0 §Pmeﬂaaeq@r§ismmﬂmmemcmmmwate

U

anplificati onsawommmmujhﬁd oni ng nodul e; and processing the out put
signal fromthe &W@gﬁ fra%t‘%r%)dg({e to neasure pulse rate and
detect bl ood flow dnona g W%%M&@?W%Hm@mg 30.
The nmethod 'of claim 29, V\/nerel n the signal processing nodul e conprises a

26.  The method of claim 25, wherein the localized, uni-directional, and constant

magnetic field isprovidedbyamagneticsomeethatisapermanentmagnetoran

electromagnet,

27.  The method of claim 25, wherein the magnetic sensor is part of a signal acquisition
module for the detection of the variations of the magnetic field caused by the flow of
pulsatile biood within the blood vessel.

28.  The method of claim 27, wherein the magnefic sensor is a Spintronics based
magnetic sensor or an anisotropic magnetoresistive sensor,

29.  Themethod of claim 27, wherein the processing include:

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

processing the output signal from the signal conditioning module to measure pulse
rate and detect blood flow anomaly by a digital signal processing module,



m crocontroller, a mcroprocessor, a digital signal processor, progranms to
performsignal analysis, and a nenory for storing all the prograns and
provi di ng venues for the execution of the prograns. 31. The method of
claim?29, wherein the pulse rate can be calculated with the follow ng
equation: Pulse rate -!'x(W T pul ses per maowte where n is the nunber of
pul ses detected within the tinme duration T (in seconds); and T is the
total time to ob¥erv&henpthod &F . clad .29 vberetat 16 Gigdl bcRisiky ARoduleh@iPiis ahe

si gnal processing de 2 EQ in erval bet ween t dj agent
pul ses so as to rreasurel?and&?d’?? %1 gﬁ%ls 2‘91’% e
met hod of claim ww@nmqm@rmlaalﬂv@mmemmmmmmac
arrhythm a and afu@koginsheart fail ures.

31,  The method of claim 29, wherein the pulse rate can be calculated with the
following equation:

Pulse rate =}'£x(60) pulses per minute

where n is the number of pulses detected within the time duration T (in seconds); and T is
the total time to observe n pulses.

32.  The method of claim 29, wherein the signal processing module detects the time
interval between two adjacent pulses so as to measure and display physiological anomalies.

33.  The method of claim 32, wherein the physiological anomalies include cardiac
arthythmia and on-set of heart failures.



