1 APPARATUS AND METHOD FOR NON- I NVASI VELY SENSI NG PULSE RATE AND BLOOD FLOW
ANOVALI ES Field of the Invention [0001] The present invention generally

rel ates to apparatuses and nethods for nonitoring blood flows, and nore
particularly to an apparatus and nethod for non- invasively sensing pul se
rate and bl ood fl ow anomalies using a localized, uni-directional, and

const ant net.i ield round of the |Invention [000 '
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r ecover yand gweant magnetie sk e, pul se rate and bl ood flow i nformation of

i ndi vi dual s subjected to crowded and cranped conditions with [imted

physi cal activity may be utilized to trigger alert for imedi ate attention
when bl ood flow anomalies, sButkguddaf theinvehtiownbosi s, are detected.
Simlar nonitoring and alert system may al so be depl oyed during di saster
where life condition of the affected personnel can be assessed conti nuously
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including military training and sports.
[0003] Pulse rate and blood flow characteristics are important parameters subject to
continuous monitoring because they are important in assessing the health condition of an
individual. Healthcare institutes such as the hospitals and elderly care 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 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).



[ 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 attachments. ,However, each of the apparatuses
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a | ocal i zed, Htfbever, 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 magnetic field for detecting

t he nodul ations of the magnetic field caused by the blood flow, a signal
condi tioning nodul e for converting the3out put of the signal acquisition
nmodul e with appropriate anplifications;” and a digital signal processing
nmodul e for processing the output signal fromthe signal conditioning,
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magnetic sensor. In yet another ‘enbodi ment of the apparatus, the magnetic
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[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 ment 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 d/or filter .using an anal oque-to-digital converter
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duration T (in seconds); is the tot time to observe n pul ses.
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processi ng nodul e further has the feedback capacities to control the
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apparatus, the signal processing module further has the feedback capacities to control the

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.




di spl ay/ userinterface/al arm nodul e conprises a display, an alarm and a
user interface. [0018] In another enbodi nent, the apparatus further
conprises a wireless interface nodule to allow renote nonitoring; and a
base station for receiving the information from the wireless interface
nodul e. I n yet another enbodi nent of tHe apparatus, the base station
conpri ses data CODEC (Encoder and Decoder) and transceiver nodul es,
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[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
T

[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




T [0023] where n is the nunber of pulses detected within the tine duration
T (in seconds); and T is the total tine to observe n pulses. [0024] In
anot her enbodi nent of the nmethod, the signal processing nodule detects the
time interval between two adj acent pulges so as to nmeasure and displ ay
physi ol ogi cal anomalies. In yet anothé&r enbodi mrent of the nethod, the
physi ol ogi cal anomalies include cardiac arrhythma and on-set of heart
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Preferred enbodi ments accordi ng to the present invention wll now be
descri be®O%t h r ef Ehepbiectivssend agyapiess of the iwmention| wiklebeceme apparentrfiorar al s

denote | jchié%ollowing 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 1a 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.




el ements. [0030] FIG 1 is a functional block diagramof the non-invasive
magneti c apparatus for sensing pulse rate and blood flow in an object in
accordance with one enbodi mrent of the present invention. [0031] FIGIa
shows a non-direct contact configuratign for sensing pulse rate and bl ood
fl ow using the non i nvasi ve magneti c apparatus as shown in FIG 1. [0032]
FIG 2 shows exenplary schematic electronic circuits for the Signal
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sensi ng ptdse ifivindoand bl ood flow in accordance wi th anot her enbodi nent of
the present invention. [0034] FIG 4 is a graphic illustration of
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shows a gé% g'i igitized signal acquired with nornal blood flow on the
wrist. | 6#) f 6 shows a typical digitized signal acquired with
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signal a U|red with normal bl ood flow on the heel at a nore refined

resol uti Wr[1 038] FIG 8 shows a typical digitized signal acquired with
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9a illustrates the worki plI ntronics ase

sensor wonkhenwrigxt er nal magnetic field. [0040] FI G 9b illustrates the

wor ki ng ciple i ntroni Gs based .magneti.c sor WI h ext er nal
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rate andt}{ellﬁgﬁatfallﬁ(yye r@fﬂ%%go@@t onN accordance with one enbodi nent of the
present invention. [0042] FIG 11 shows a top view of hand with the
non-i nvaliodd nagnetlG Saghomsat typical digitized signal acquired with restricted blood 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. [0043] FIG 12
shows a side view of hand with the non-invasive magnetic apparatus in
accordance with one enbodi nent of the present invention. [0044] FIG 13
shows a cross-section view of hand with the non-invasive nmagnetic

apparatus in accordance with one enbodPnent of the present invention.

Detail ed Description of the Invention [0045] The present invention may be
under st otdo this epplisaden in gryler ofreprerfoBy describe thef itk ofiarido adhichi thisdndenioni pt i on
of certain. enbodi nents of the invention. [0046] Throughout this

appl i cat P%Iﬁa,ms\i\here publications are referenced, the disclosures of these
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into this application in order to nore fully describe the state of art to
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ski |l | ed bpecifivedé¢teilevEnbthar instdmats, tdl-Ricse fetliody eprot €dur 8 Y ob@ ofdnds; tand ed
wi t hout these, specific details, In other instances, well-known nethods,
pr ocedur BRIeTRlsHIgH Bk Reen dateribadiinedstall 50 asapbioRhiscyedhe presdt weiatn detail so
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provi des an "appar at us” an non-i hvasivel'y ~sensing pulse rgte and
bl ood f | eamsing putseabjeemt] blowd fickv g ahwbjot inthdingriesent Theveadenoinvestion is
originated fromthe inventors' discovery that when a |ocalized,
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that the nodul ation of the nagnetic field can be sense Irectly i
magnet i cmodnkte the epplishosgutticrfickd sud thabthe podilsticonofhe magnetiefietdpastbiec
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of nodul atidorof Fififle, SheBFYarati§ aﬁﬁ?ﬁgeag/ﬂ@ai@yé@& ol DSVidling We RASEREESI NG
and outputting the processed signal. The TJprocessed signals, naned
nmodul at efieldaghanignesicgsrisar doofacgbsow (havsEnalarod moflulatiovnorandod gl
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respect pmcessedpighalb] @ttduasghted @@ignetic 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. 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




the surface of the skin. Wiile the follow ng description will use specific
configurations and dinensions and nodules to illustrate the principles of
the present invention, it by no neans intends to limt the practice of the
present invention to those specifics. [0049] Now referring to FIG 1, there
is provided a functional block diagramf the non-invasive nmagnetic
apparatus for sensing pulse rate and blood flow in an object in accordance
wi t h onecerdibenedeand dgitivetelopsignahprocessimgt i lden, thaerovessel migas!, peimagigniei c
appar atu ' magaet i our a signal .asquisition dul e 2,
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condi ti opoosg] nodul &hd magnsti€Bakrce A M6 ERISs AJodbided, infd-diragttbnal, and constant

di splay/userinterface/alarmnodule 5. Briefly, a permanent nagnet is shown
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acquisition nodule to an electrical_ _signal, which is then 9 caonditioned and
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pul se rapg c@ﬂ%f%i?@%nfi t Ig%étﬂ,{)ﬂ()fuﬁwg l‘ﬁ&é[ %sogc&gs%ﬂﬁe cbfstiliEnagnetic field can be

di spl ay/userinterface/ a magneti c source 1 provides
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per mmnent nagnet, an el ectronmagriet (including coil”of wre, coil of wire
on a fer howigftet, iaanagoetie seurce may produce af magnetic Ginldastrengthatf)1000/Gavket 20ke as
| ong as nst ant netic, f.ield.can be, generated. The net.ic squrce
may opt i %ﬁgcﬁﬂ?nf%rﬁhﬁg a8 Bst %%ret 5 10YFHes g%ﬁF@@ﬁ-}}W&t 15 T g‘?ggﬁeg t@?} to
control  Hhagn@RSdolitc@ M bel dTtheRGMRhtGe H6ld sE8ndth WhkR thOR]ABPAABME:s (Y.,
addition, the magnetic source 1 may cone in various geonetry and sizes. As
di scussethe S@éﬁﬂﬁ}’l%éﬂf e sersorethe distatice befween theympgnstic seuree ardFrESOL: and ted
strength . 10 ) 0. .%tolerance: that was used for..the inyentors'
expor | motaive e G Sd Fdpalfoh Bk ENincll St Snd 380t St BSpds? G o

nmagnet i cbfooé velssel) el Giate whtroditied withabpbpHat 30BcRl Bof@xPerimeritilgesults.
sensitivi téﬂOf the_sensor, the distance between the magnetic source and

sensor, H&Nthe r Ehesigpdl asnuisision modilai2 spmarsesta BAEISHC seRsOntighistabls eour ce
and sensqr, Wik r}neﬁgefl%ﬂg%riaf?or% 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



bl ood vessel) will have to be nodified with appropriate support from
experinmental results. [0051] The signal acquisition nodule 2 conprises a
magneti c sensor that is able to translate magnetic variations to voltages
proportional to the variations of the gnetic signature. The nagnetic
sensors suitable for the present invention include, but are not Ilimted
to, spintronics based sensors (e.g. giant magnetoresistive (GW) sensor and
t unnel i nhelmngdrtbe FMR wmagnatic( SERR)Ts.s ks slrdwn amFEGt %20 pi ndugivet oprBagistige

(AVR) sensors nd an tic based.sensars., One exenpl ary nagnet. c
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a blood vessel) will have to be nodified with appropriate support from
exper i medfaaticalyy &% tor 8623 timiephet The magawicssigna VRaption kotianslaed kR aart .
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sensors %ﬁﬂéi%gg(glhg??mrggéf\é\%%%%%cgqhg}éfgg% S?‘&éyd%gﬁe}“ﬁg%%}ge?fg%%ﬁ ed. FIGs
9a and 9kvithhexgretigfephamgplield|cas be dliusmatedfastshewnan KI@Ggl. pTo toispklalldd ibéiei nd
the GVR magnetic sensors. As shown in FI G 9a, a conductive, nonmagnetic
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field ispappld@dy the magnetic nonments in the alloy |ayers face opposite
directions (represented by the arrows), and the resistance to current Cis
hi gh. As[®h3iwn | n No@& @ferring enFléh?, aldre isngrbvided am exdngpliiyeskheniticslapphiced,
appl i ed external magnetic f.i.eld overcqnes antj-ferronmagnetjc,. coupling,
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exenpl ary schematic electronic circuit for the S|gnal acquisition nodule 2

i n accor Hapdaedjinty omeasrydelipatsntialor Te Hrose 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



present invention. The circuit of the signal acquisition nodule 2 is so
configured that a direct current (DC) power supply such as a battery to
create a potential across the Weatstone-Bridge connected to the GWR
sensor. Coupled with the use of a V\heai?tone- Bri dge, the change in

resi stance due to the mnute variations'in the magnetic field can be
translated into a neasurable potential. To those skilled in the art, the
pot ent i amaypsl prefgrabhe plased al@naﬂu: longigwdinal aasisuifithe bload essshatad appropisteacr oss
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pr ef er ablyynhdl the ﬁﬁgﬁé&%u}dé%ﬂ)&f&% b wehionadic Al Syl dlff@ﬁnpét gth\éeﬁ ?ﬁéas foran
appropriate proximty that will generate a signal which can be de ected by

t he magnétase skided mthe lart to ddt&rmm@ rihe propemmggrewithinswhicl thermaggratis scriser @inaced
e.Wth.respect to the |ongitudinal axis of

f
gﬁlyaﬂajpo& §58§%% nf@%&& Pg nglgﬁf%ce of the skin. If so, then other
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of the sensor, and the distance between the magneti ¢ source and sensor
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Gauss, the 1dldst ance hetween the magnet ic source and_ sensor is about 2.5 cm

20 % easily determined in consideration 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



When the magnetic source produces a magnetic field with different
strengths, it is easy for those skilled in the art to determ ne the proper
range within which the magnetic sensor can be disposed w thout undue
experinmentation. [0056] The magnetic STOéJI‘CE and magneti c sensor can sense
the pulse rate and blood flowin a nohedirect contact configuration. As
showmn in FIG 1 a, one space gap 7 nay exist between the magnetic

sour ce/ sepmprisesnal mibroceitreller Fomiercpniessors haligpheinghprocessod fregrafrabioi ¢,
perspiration and olil ecretjon betwgen tt hem. The thickness of.d.t he space gap
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and a signal, digitization circuit for digitizing the received signals. FIG

2 shows ST MRESt ary schematic circuit of the signal conditioning nodul e
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t he signal” conditioning no to neasure the pulse rate an etec
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pr ogr ans paRélradsaydd itodiyed Wam willde diles@Yeeridapr. 0f the programs. The
result output /display nodule 5 displays the two neasurable

par armet e[0860]b| ood Noswredarongto/FKnad, theress peided ssfinetaanal blobk diageuhn df then t he
digital signal processi.ng nmodule.4 in,either discr.et LED).. or, conti nuous
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conpr i segptém8l §phalevealN & sHoWn BNHI@ 3, UResighd)tR6éa68g 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




[ 0059] The outputs may take different fornms. For exanple, the outputs may
be an alarmnotification if any anonmalies are detected. The pul se rates
may be expressed as pul ses per mnute. The outputs may al so be digital
data with conputed pul se rates. Typical, digital data are shown in FIG 5
‘and FIG 6 for normal and abnormal bl oo flow condition respectively.
Typical digital data are showmmn in FIG 7 and FIG 8 (at a nore refined
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cal cul aton of ukse rates fromth igital ,data will be discussed.
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provi ded herein. . . o .
[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




[0062] Now referring to FIG 10, there is provided a flow chart of the

nmet hod for sensing the pulse rate and bl ood fl ow anonmalies using a

| ocal i zed, uni-directional, and constant nagnetic field. [0063] The nethod
100 starts with placing directly or in proximty to the skin the apparatus
for non-invasively sensing pulse rate 1a‘ﬁd bl ood flow using the localized,
uni - directional, and constant magnetic field 110. The magnetic source and
sensor off hepet beappromaaly suchas pheprssenist pf dichasicadttetnotjch peuld siggify thtiotal axi s

of a mgj I vessel h Sp.but not limted to, the ones found on the
wri st, |g%,0?8?1 %{5% %Cﬁ[oéﬁ%gfacﬁaﬁremhnflﬁe sensor is then connected to a direct

current (do6y] power Themphe/outpwt e theassgral palctRing hodlé arlklepultrgRtandl
across the Weat stone-Bridge connected to the GWR sensor. For exanpl e,
when t hebeAdrw asemalies. t Hee avpulsardiobe dplayed 1p@oarthe agsultgyipytddispleya DC
vol t age ﬁ.H)HPny of 9V. Then, the signal acquisition nodule outputs the

di fferential outputs, OUT+ and OUT- 130. [0065] Then, the output signals
from t he[oeéglnal acdiliesippammsnaduhethad ef altgoprebént dnvleyition ieargligalslt to many

condi tioni ng nodul e l%{ej{i’ir i’r"aW anal ogue signal conditioning (opti o]:%al ) 140.
To t hos¥MAUPPT-eHOF Frapthde, Aogpitaly e uedBn APRATFtE {QrmeRifaringRatierissathites
integrit pagnal s bl t [oJRTs TR .

anal ogu’ei&%nol:[%sa%l?';él 24)&%%%;%%2%% ﬁhleu[gg%d&?g%h%@%&tc%g%g g%%’lht ?‘?)dnree(rjl1 o(;(al?,put

si gnal s Wnthnthenevisilegsahpraoatas; ibbotidn dlovodmbmalias ecapr be eksadedyint di€fesérgnal

pr ocessi ng rm?ul eto rrersur t he pul se r(ﬁte and .detect blood flow

anomal i eSTHESANGETSUCEES (}nigrfgglﬂtor s 5ind daREOUSSINAIASHed a typical digital
data acpgbgied Wi t RIGQMTE3 SoRRdihk! NXeeRitnk RRd Wohfikurafbie oP Whe Bofi-alRiskan be
calculated wwth the follow ng equation: Pulse rate =1 x (60) pul ses per

m nut e agheticeapparatus heageardsace ofithpenesersbaiment efithei prasent inventipme Thar at i on
T (in secondstld' ails thed tine,. nter\fal bettvveen t\/\% 2d' acent qoui $es,as
shown i nTEERSHS sQyge {1 pRd qpaenele Ayignal pcapisitiof, mody 61 aced plong By
The neaslvhghli@npogaset e Blo6@Refel ba ek (0ist.t hetpdassiyatthoapddant chpaet beat
anomal y such as the presence of a chaotic pattern which could signify the
on- set BIorpored intaany Wi wegrngdgrices phedens. aOf 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.




[ 0067] Then, the outputs fromthe signal processing nodul e include pul se
rate and blood flow anomalies. The outputs will be displayed 160 on the
result output /display nodule. [0068] The apparatus and net hod of the
present invention is applicable to man situations. For exanple, hospitals
can use the apparatus for nonitoring patients; athletes can use the
apparatus for nonitoring their blood flow, elders can be nonitored renotely
with the wirel ess apparatus; blood flow anonmalies can be detected in
different circunstances such as Io%ight, rescues, and dangerous
situations. [0069] FIGS 11-13 shows M acenent and configuration of the
non-invasi ve magnetic apparatus in accordance wth one enbodi nent of the
present invention. The magnetic source 1 and nmagnetic signal acquisition
modul e 2VWraéisslaimed isil ong the |ongitudinal axis of the blood vessel on the
wist. In this design, the apparatus can be incorporated into any wi st
wearing devices or decors. O course, the apparatus can be used in other
parts of 1a body appskatud Cor Rakiataivdlnnoniies ofdeyéEeew of A0 dBkctV i @isite
present invention has been described with reference to particul ar ]

enbodi ment's, iAmagnetic pRUrGH i PEatisIeaHasalizaG veiHbestineak sndecnsiant Maguesti ve
and t hat ﬁE{ﬁeand nvention scope is not so limted. Alternative enbodi ments of
the present’invention will becone apparent to those having ordinary skill
in the art toawgignalacthicitioheseiule witk @ Mdgaetic easdralispdsedSuithin athd magrtie

enbodi ments are considered to be enconpassed within the spirjt and scope
of the pfelddpt gfit‘?ﬁﬁ’é‘ﬁtth‘b’f’ilpg%@msd%fﬁ%q agneHg figldsausesk by the bbwéé’@ms i nventi on

is described i ks : f i ng
descri pt1 on. 15 A VETORARE b F ERTel g HERAELERS B By R4 FHRIoR
non- i nvasiodeleywitloapprapriatgamplifidations; khdw of an object, conprising: a
magneti c source.for praducing a |ocaljzed, uni-directional,_ and canstant
magnetic i efdigihgenalreping sl foF SFposeRg (et SieARLfURithe SERlor
di sposedcyﬂgitlfgrﬂnéﬁgdﬂ@gneti c field for detecting the nodul ations of the

magnetic field caused by the blood flow a signal conditioning nodule for
converting t hthembypuiseatetahé blvioddlaiw zmomalys ¢ani kermonitored.

2. The apparatus of claim 1, further comprising a display/userinterface/alarm module

for providing visual 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.
5. The 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 field 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 %.




nmodul e with appropriate anplifications; and a digital signal processing
nodul e for processing the output signal fromthe signal conditioning
nodul e; thereby pul se rate and bl ood fl ow anormaly can be nonitored. 2. The
apparatus of claim1, further conprising a display/userinterface/al arm
nodul e for providing visual or acoustﬂ% notification to a user. 3. The
apparatus of claiml1l, wherein the nmagnetic source is a pernmanent nagnet.

4. The apparatus of claiml, wherein the nagnetic source is an
electron%gnet. 5. The apg ratﬁs of claim4, wherein the stren%th of .1 he
magnet i c5f i el dDPRRRAREO aam% SVRITEIR RS FRERRIIC SCRSOE ShAORAERFUE PESPT B cal | y.
6. The a : kAl Mﬂf% i . td ¢ y able
to produggﬁﬁgﬁﬁgaﬁggﬁkﬁf?g%ﬁcstreﬁé@ﬁﬁgﬁcgg%gﬁegﬁggﬂgE%gggégﬁgféﬁ%gﬁk7. The
appar at usowte.cl ai m 6, wherein when the magnetic source is preferably able
to produce a magnetic field strength of 1000 Gauss + 20% t ol erance, the
magneti c source and nagnetic sensor are separated by a di stance of

appr oxi gt el y TRe 2ppMatus?Of Yaih08 Swhifen IRP M AhbSc AbngrdsM LiafBlghdtot he
magneti c sensor iS any magnetic sensor with Tappropriate sensitivity of

det ect i nesibfenced(AMR} megnedic selsor.magnetic field fromthe nagnetic source.

9. The apparatus of claim8, wherein the magnetic sensor is a G ant Magneto
Resi stance (GVR) magnetic sensor. 10. The apparatus of claim8, wherein the
magnet i ¢ 16ensThe iapp@afeRi ott ¢10ih 85 viRSEH theREHIBLIE s&R08 W a Splatrddles BaRar at us
of claim8, wherein the magnetic sensor is an anisotropic magnetoresistive
sensor. WRENERSERPHar at us of claim 1, wherein the magnetic source and the
magneti c sensor are preferably placed along the |ongitudinal axis of the
bl ood vessel. 13. The apparatus of claim1, wherein the nagnetic source and
sensor ane pl abedapplarans off Elagh POsilectdin B MAGh&idstRsoreBPeE tanisotrbpie

| ongi tudi nal axis_ of any major blood vessels near the surface of the skin.
magnetoremstwe sensor.

12.  The apparatus of claim 1, wherein the magnetic source and the magnetic sensor are

preferably placed along the longitudinal axis of the blood vessel.

13.  The apparatus of claim 1, wherein 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.

14.  The apparatus of claim 1, wherein 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.

15.  The apparatus of claim 14, wherein the signal conditioning module further
comprises an optional envelope detector and/or filter using an analogue-to-digital converter

(ADC).

16.  The apparatus of claim 1, wherein the signal processing module comprises a

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




14. The apparatus of claim 1, wherein the signal conditioning nodule
conprises an anplifier for anplifying the signals received fromthe signa
acqui sition nodule, and a signal digitization circuit for digitizing the
received signals. 15. The apparatus of claim 14, wherein the signal

condi tioning nodul e further conprisesltf@n optional envel ope detector and/or
filter using an anal ogue-to-digital converter (ADC). 16. The apparatus of
claim 1, andigsigiand b deensdrg fiéd staimpCabihib Pepdimesihel srovidingsesués fofrtteregearionol | er,
a mcroprocessor, a digital signal processor, progranms to performsignal 17
anal ysi sOT BR@e#BHrory for storing all the prograns and providing venues
for the execution of the prograns. 17. The apparatus of claim 16, wherein
the pulse rate can be calculated with the follow ng equation: Pulse rate =
n x (60) 1pul s&he pppamiusudfeclaim itoe veherein sthe palsewatrecarobe ralcaksed etithcthed

W t hin tﬁﬁ ti.me duration T (in seconds); and T is the total tine to
observe PUoNIREEIUAGN The apparatus of claim 1, wherein the magnetic source
further conprises a placenent nechanismcontrolling the placenent of the
magneti c source i nPulsspaet—td6e)hepulsésgreamimeeui siti on modul e and t he
orientation of the blood véssel; t hereby the placenent of the nagnetic
source C{leRen¢OMhemhibeFof filses HBRcRARAIR UR Bhe Glialith $Gin é@’@@ﬂcﬁ?;rhnh hejssi gnal
processi ng nodul e further 'has the feedback capacities to contfol the

si gnal f the totaktipk e ebrerte mmdseani sm and the signal for the sensitivity of
the sensor in the signal conditioning nodule; in turn, the sensitivity
control feedbacks to the signal acquisition nodule, and the placenent
nmechani sy, f egHbaphsrab® b e1MMINEHvhEred®YhE ndoPeM @ sYurRIABhes cBRDisboRs. 20.
The apparatus of claim 1, wherein the signal acquisition nodule further
conpr i seBlagemeiitapechanismmentralingrth¢ placementeef the nmgnetid $opresr inagspeetitd hal | y

appar at uS 2ol SR Hue TR} R o HELRPAREHF 4RGPS et

di spl aysthe magnetic source can be controlled.

19.  The apparatus of claim 18, wherein the signal processing module further has the
feedback capacities to control the 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.
20.  The apparatus of claim 1, wherein 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.

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

comprises a display, an alarm, and a user interface.

23. The apparatus of claim 1, further comprising:




the two neasurabl e paranmeters: blood flow anomaly and nmeasured pul se rate.
~22. The apparatus of claim1, wherein the display/userinterface/al arm
nodul e conprises a display, an alarm and a user interface. 23. The
apparatus of claim1l, further conprising: 18 a wireless interface nodule to
all ow renote nonitoring; and a base stBtion for receiving the information
fromthe wireless interface nodul e. 24. The apparatus of claim 23, wherein
the base st at aoviretsitedas nodidd @ aJoEEmo{cnetitdemgand Decoder) and
transcei ver nodul es,  di splay and user interface mydul e, and nlcroprocessor
modul es Wit h Meﬁ@monzfsr regciviertbrinfermation fiony e wieilsss iseifac madylcof t he

bl ood fl ow of an object, said nmethod conprising the foll ow ng operations:
providing a localized, uni-directional, and constant nmagnetic field in
proxi m t 24t o &he hippadtusessahim @8] ehtieig thehkase astatin corsprides tahdatairﬁg]!EECc

field caysed by t flow of pulsatile blood,. thin the bl ood vessel;

pr oc essi ﬂ%fv%f}d}g]ﬁa?%def}fa I’(ﬁ‘é"’tllé?:rtréﬁg‘%}%l ali’n%nds‘bseéém?réa%ﬂ?qe"z‘? qnﬁe
bl ood 1 @eropRcestheEmBBIIBOFiRR AUAOMZS, wherein the |ocalized,

uni -directional, and constant nagnetic field is provided by a magnetic

source that is a permanent magnet or an el ectromagnet.. 27. The net hod of
claim25, . wherein_.the.variations of t magnet.ic, fi el |sdet cted b a
i onal - a&ur i PEHb R iy RSl ptfor B sy blosg foph & ik R 0Pt ai m
27, wher giethdd@nipRgMSthEfoHIBNSR opetatRdnSPI Nt roni cs based magnetic sensor or
an ani sotropi c magnetoresistive sensor. 29. The method of claim 27, wherein

t he processi ngrav ngjaéocabmd/@nrdln@tlphd, Bk qoustant magretis ifightbin M@qmlts'ﬂo aon
nodul e vvnofla Q,@gr priate anplifications by a signal conditioning nodule;
and processi ng e output signal fromthe signal conditioning nodule to

measur e pul sedeteéting thedatei®e lof heoagrichio WeNOBEY bP Yhedfldl oF pakatHé BRI
processi ng_nodul e
within the blood vessel; and

processing the signals of the detected variations so as to monitor the blood flow.

26. The method of claim 25, wherein the localized, uni-directional, and constant
magnetic field is provided by a magnetic source that is a permanent magnet or an

electromagnet.

27.  The method of claim 25, wherein the variations of the magnetic field is detected by

a signal acquisition module with a magnetic sensor.

28.  The method of claim 27, wherein the magnetic sensor is a Spintronics based

magnetic sensor or an anisotropic magnetoresistive sensor.

29.  The method of claim 27, wherein the processing include:

converting the output of the signal acquisition module with appropriate
afnpliﬁcations 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.




30. The nethod of claim 29, wherein the signal processing nodul e conprises
a mcrocontroller, a mcroprocessor, a digital signal processor, prograns
to performsignal analysis, and a nmenory for storing all the progranms and
provi di ng venues for the execution of the prograns. 31. The nethod of
claim?29, wherein the pulse rate can b¥® calculated with the follow ng
equation: Pulse rate = n x (60) pulses per mnute T where n is the nunber
of pul sed30det &ht enkethod loif reldibe 20) neheehin ahé Gignal provesdagmisdule aothpliséssa t he
total tine to observe n pulses. 32. The nmethod of claim?29, wherein the

si gnal pPBTRSAYHRY ChEdRICEORTBESEYs 2 1dhgital Sigpal PrRpessraPragatine EhPei it ent

| . i i i . i t hod
P2, Syl TSR LS LS O RITETL 4Fclbae

of claim 32, ysi es | e car
ar r hyt hnoathapcogramset of heart 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
T
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

arrhythmia and on-set of heart failures.




